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(57) Washing machine (1) including a rotary drum
(30) and a balancer (100)to counterbalance an unbal-
anced load generated in the rotary drum (30). The bal-
ancer (100) includes a balancer housing (110) mounted
to the rotary drum (30), and a balancing module (200a,
200b) having a moving unit (220) to move inside the bal-
ancer housing (110). The balancer housing (110) in-
cludes an electrode (111, 112) provided at an inner sur-
face of the balancer housing (110) in a circumferential
direction thereof in order to transmit electric power to the
moving unit (220) of the balancing module (200a, 200b),
an electric wire (122) electrically connected to the elec-
trode (111, 112) in order to apply electric power from an
external power source to the electrode (111, 112), and
a connector (120) provided at an outer surface of the
balancer housing (110) in order to electrically connect
the electric wire (122) and the electrode (111, 112).
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Description

[0001] Embodiments of the present disclosure relate
to a balancer having a balancer housing capable of sup-
plying electric power to a balancing module to counter-
balance an unbalanced load, a washing machine and a
control method thereof to diagnose a malfunction of the
balancer.
[0002] A washing machine is an appliance that washes
laundry using electric power. In general, a washing ma-
chine comprises a tub to store wash water, a rotary drum
rotatably mounted in the tub, and a motor to rotate the
rotary drum.
[0003] The washing machine performs a series of proc-
esses such as washing, rinsing and dehydration process
using rotational movement of the rotary drum.
[0004] When the rotary drum rotates, if laundry is not
evenly distributed in the rotary drum but accumulates at
one side of the rotary drum, vibration and noise may occur
due to eccentric rotation of the rotary drum, and compo-
nents such as the rotary drum, the motor or the like may
be damaged.
[0005] Accordingly, the washing machine is equipped
with a balancer in order to stabilize rotation of the rotary
drum by counterbalancing an unbalanced load generat-
ed in the rotary drum.
[0006] Recently, a balancer capable of actively moving
to a position counterbalancing an unbalanced load and
a structure capable of transmitting external electric power
to such a movable balancer have been developed.
[0007] It is an aspect of the present disclosure to pro-
vide a washing machine equipped with a balancer hous-
ing capable of transmitting electric power from an exter-
nal power source to a balancing module.
[0008] It is another aspect of the present disclosure to
provide a washing machine and a control method thereof
to diagnose a malfunction of a balancer.
[0009] Additional aspects of the disclosure will be set
forth in part in the description which follows and, in part,
will be apparent from the description, or may be learned
by practice of the disclosure.
[0010] In accordance with an aspect of the present in-
vention, a washing machine includes a rotary drum, and
at least one balancer configured to counterbalance an
unbalanced load generated in the rotary drum. The at
least one balancer includes at least one balancer housing
mounted to the rotary drum, and at least one balancing
module having a moving unit to move inside the balancer
housing. The balancer housing includes at least one elec-
trode provided at an inner surface of the balancer housing
in a circumferential direction of the balancer housing in
order to transmit electric power to the moving unit of the
balancing module, at least one electric wire electrically
connected to the electrode in order to apply electric power
from an external power source to the electrode, and a
connector provided at an outer surface of the balancer
housing in order to electrically connect the electric wire
and the electrode.

[0011] The connector may include a socket protrud-
ingly provided at the outer surface of the balancer hous-
ing, the socket being located at a position corresponding
to a position of the electrode, and a plug unit configured
to be coupled to the socket unit.
[0012] The plug unit may include a wire terminal to fix
an end portion of the electric wire in the plug unit.
[0013] The socket unit may include a socket hole
formed at a center portion thereof, into which the plug
unit is inserted.
[0014] The socket unit may further include an electrode
terminal to electrically connect the wire terminal and the
electrode.
[0015] The connector may further include a protruding
part provided at the socket unit provided outer surface
of the balancer housing, the protruding part having a
shape corresponding to a shape of the plug unit.
[0016] The protruding part and the plug unit may be
coupled to each other by ultrasonic welding.
[0017] The plug unit may include a waterproof recess
which is depressed inwardly at a portion thereof.
[0018] The waterproof recess may be filled with an
epoxy resin to prevent water from passing through the
plug unit.
[0019] The electrode may be formed by coating a con-
ductive film on the inner surface of the balancer housing.
[0020] The washing machine may further include at
least one lifter protrudingly provided at an inner circum-
ferential surface of the rotary drum.
[0021] The lifter may have an end portion which is in
contact with the balancer.
[0022] The connector may pass through the end por-
tion of the lifter.
[0023] The electric wire may have an end portion con-
nected to the connector, and may pass through the lifter.
[0024] The at least one balancer may include a front
balancer mounted to a front portion of the rotary drum
and a rear balancer mounted to the rear portion of the
rotary drum.
[0025] A flange may mounted between the rear portion
of the rotary tub and the rear balancer, and includes a
guide part through which the electric wire passes.
[0026] The flange may be mounted to a driving shaft
which enables the rotary drum to rotate. The guide part
may include a receiving space which communicates with
the hollow portion of the driving shaft and the electric wire
received in the hollow portion of the driving shaft passes
through the receiving space of the guide part.
[0027] In accordance with another aspect of the
present invention, a washing machine includes a rotary
drum in which laundry is placed, the rotary drum being
capable of rotating by a driving source, at least one bal-
ancer housing mounted to the rotary drum, and at least
one lifter mounted to an inner circumferential surface of
the rotary drum. The balancer housing includes at least
one electric wire electrically connected to the balancer
housing, and a connector provided at an outer surface
of the balancer housing  in order to electrically connect
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the electric wire and the balancer housing. The electric
wire passes through the lifter.
[0028] The connector may pass through an end portion
of the lifter, and may be insertedly disposed in the lifter.
[0029] The washing machine may further include a
flange disposed at the rear portion of the rotary drum and
coupled to a driving shaft which enables the rotary drum
to rotate.
[0030] The electric wire passing through the lifter may
extend along the flange.
[0031] The driving shaft may be formed in a cylindrical
shape with a hollow portion, and the electric wire passes
through the hollow portion of the driving shaft and the
flange to connect to the balancer housing.
[0032] The flange may be provided with a guide part
through which the electric wire passes. In accordance
with a further aspect of the present invention, a washing
machine includes a rotary drum in which laundry is
placed, the rotary drum being capable of rotating by a
driving source, a flange mounted to a rear surface of the
rotary drum and coupled to a driving shaft which enables
the rotary drum to rotate, and a balancer housing dis-
posed at the rear portion of the flange.
[0033] The balancer housing includes at least one
electric wire electrically connected to the balancer hous-
ing, and a connector provided at an outer surface of the
balancer housing in order to electrically connect the elec-
tric wire and the balancer housing. The electric wire may
include one end portion connected to the connector, and
the other end portion extending along the flange and
passing through the driving shaft.
[0034] The driving shaft may be formed in a hollow
cylindrical shape, through which the electric wire passes.
[0035] In accordance with a further aspect of the
present invention, a balancer mounted to a rotary drum
to counterbalance an unbalanced load generated in ro-
tation of the rotary drum, includes at least one balancing
module configured to move to a position capable of coun-
terbalancing the unbalanced load of the rotary drum, and
a balancer housing formed with a ring-shaped channel
therein along which the balancing module moves. The
balancer housing includes at least one electrode provid-
ed at an inner surface of the balancer housing in a cir-
cumferential direction of the balancer housing, and a con-
nector provided at an outer surface of the balancer hous-
ing in order to electrically connect an external power
source and the electrode.
[0036] The connector may include a socket unit pro-
trudingly provided at the outer surface of the balancer
housing, the socket unit being located corresponding to
a position of the electrode, and a plug unit configured to
be coupled to the socket unit.
[0037] In accordance with a further aspect of the
present invention, a balancer housing of a balancer con-
figured to counterbalance an unbalanced load generated
in rotation of a rotary drum, includes at least one electrode
provided at an inner surface of the balancer housing in
a circumferential direction of the balancer housing in or-

der to supply electric power to the balancer, a socket unit
protrudingly provided at an outer surface of the balancer
housing, and a plug unit configured to be coupled to the
socket unit in order to apply external electric power to
the electrode.
The socket unit may include a socket hole formed at a
center portion thereof, into which the plug unit is inserted.
[0038] The plug unit may be inserted into the socket
hole, and may be electrically connected to the electrode.
[0039] In accordance with a further aspect of the
present invention, a washing machine includes a rotary
drum, a balancer to counterbalance an unbalanced load
generated in the rotary drum, the balancer including at
least one balancer housing mounted to the rotary drum,
and a balancing module having a movement motor which
enables the balancing module to move inside the balanc-
er housing, a power supply unit to supply electric power
to the balancer, a detection unit to detect at least one
signal of electric current and voltage of the electric power
applied from the power supply unit to the balancer, and
a control unit to determine whether the intensity of the
detected signal is within a normal range and determine
that the balancer malfunctions upon determining that the
intensity of the detected signal is outside the normal
range.
[0040] The washing machine may further include a
driving unit to drive the movement motor of the balancing
module, and the control unit may stop driving of the move-
ment motor upon determining that the balancer malfunc-
tions.
[0041] The balancer may further include a connector
connected to an external power source to receive electric
power from the external power source, at least two elec-
trodes provided at the balancer housing to receive elec-
tric power from the connector, the electrodes having dif-
ferent polarities from each other, and at least two brushes
provided at the balancing module and configured to be
respectively in contact with the at least two electrodes to
receive the electric power.
[0042] The control unit may determine whether the de-
tected voltage is within a normal range, and may deter-
mine whether there is poor contact between the connec-
tor and the electrodes or poor contact of at least one
contact point between the electrodes and the brushes.
[0043] The control unit may determine whether the de-
tected electric current is within a normal range, and may
determine whether there is poor contact between the
connector and the electrodes or poor contact of at least
one contact point between the electrodes and the brush-
es.
[0044] The washing machine may further include a
wash motor to apply rotational force to the rotary drum,
and an unbalance detection unit to detect the amount of
unbalance in rotation of the wash motor. The control unit
may control a position and a speed of the movement
motor based on the detected amount of unbalance.
[0045] The detection unit may include a speed detec-
tion unit to detect the speed of the movement motor, and
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the control unit may adjust the speed of the movement
motor based on the detected speed.
[0046] The power supply unit may include a slip ring
in which electric current generated by rotation of the wash
motor is induced.
[0047] In accordance with a further aspect of the
present invention, a control method of a washing ma-
chine includes if electric power is supplied to a balancer
mounted to a rotary drum, detecting an electric signal of
the electric power supplied to the balancer, determining
whether the balancer malfunctions based on the detected
electric signal, outputting a malfunction signal of the bal-
ancer upon determining that the balancer malfunctions,
and stopping driving of a balancing module provided at
the balancer. The supplying the electric power to the bal-
ancer may include receiving the electric power from an
external power source using a connector mounted to a
balancer housing, transmitting the electric power sup-
plied to the connector to two electrodes having different
polarities provided at the balancer housing, and receiving
the electric power transmitted to the two electrodes
through two brushes provided at the balancing module.
[0048] The determining whether the balancer malfunc-
tions based on the detected electric signal may include
detecting voltage of a power supply unit, and determining
whether there is poor contact between the connector and
the electrodes or poor contact of at least one contact
point between the electrodes and the brushes by com-
paring the detected voltage with reference voltage within
a normal range.
[0049] The determining whether the balancer malfunc-
tions based on the detected electric signal may include
detecting electric current of a power supply unit, and de-
termining whether there is poor contact between the con-
nector and the electrodes or poor contact of at least one
contact point between the electrodes and the brushes by
comparing the detected electric current with first refer-
ence electric current within a normal range.
[0050] The determining whether the balancer malfunc-
tions based on the detected electric signal may further
include determining whether there is a short between the
two brushes by comparing the detected electric current
with second reference electric current.
[0051] The determining whether the balancer malfunc-
tions based on the detected electric signal may further
include determining whether a movement motor to move
the balancing module malfunctions by comparing the de-
tected electric current with third reference electric cur-
rent.
[0052] According to another aspect of the invention,
there is provide a balancer arranged to be mounted to a
rotary drum to counterbalance an unbalanced load gen-
erated in rotation of the rotary drum according to claim
1. Preferred features are set out in claim 2.
[0053] According to another aspect of the invention,
there is provide a washing machine according to claim
3. Preferred features are set out in claim 4 to 15.
[0054] As described above, electric power from an ex-

ternal power source may be transmitted to the balancing
module by a simple method through the electrodes of the
balancer housing.
[0055] The balancer housing may have a structure ca-
pable of easily connecting the electric wires thereto and
preventing wash water from passing through the balanc-
er housing.
[0056] In addition, because a malfunction of the bal-
ancing module moving inside an enclosed space defined
by the balancer housing and a malfunction of the power
supply system of the balancer housing are diagnosed, a
user may easily know occurrence of a malfunction of the
balancer. Accordingly, a user may quickly address a mal-
function of the balancer, thereby preventing other com-
ponents from being negatively influenced and increasing
product lifespan.
[0057] These and/or other aspects of the disclosure
will become apparent and more readily appreciated from
the following description of embodiments, taken in con-
junction with the accompanying drawings of which:

FIG. 1 is a view illustrating constitution of a washing
machine according to an embodiment of the present
disclosure;
FIG. 2A is an exploded perspective view of a rotary
drum of the washing machine depicted in FIG. 1;
FIG. 2B is a perspective view of a flange of the wash-
ing machine depicted in FIG. 1;
FIG. 2C is a sectional view of the rotary drum to which
electric wires are mounted;
FIG. 3A is an exploded perspective view of a balanc-
er according to an embodiment of the present dis-
closure;
FIG. 3B is a sectional view of a balancer housing of
the balancer according to an embodiment of the
present disclosure;
FIGS. 4 and 5 are views illustrating the balancer
housing and a connector;
FIG. 6 is a sectional view taken along line I-I in FIG. 5;
FIG. 7 is a view illustrating the balancer housing and
electrodes;
FIG. 8 is a view illustrating a balancing module ac-
cording to an embodiment of the present disclosure;
FIG. 9 is a view illustrating the balancer housing and
the balancing module according to an embodiment
of the present disclosure;
FIG. 10 is a view illustrating a moving unit depicted
in FIG. 8;
FIG. 11 is a view illustrating a bearing and the bal-
ancer housing according to an embodiment of the
present disclosure;
FIGS. 12 and 13 are views illustrating operation of
the balancing module in the balancer housing;
FIG. 14 is a view illustrating a balancing module ac-
cording to another embodiment of the present dis-
closure;
FIG. 15 is a control block diagram of the washing
machine according to an embodiment of the present
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disclosure; and
FIGS. 16 through 18 are control flowcharts of the
washing machine according to an embodiment of
the present disclosure.

[0058] Reference will now be made in detail to embod-
iments of the present disclosure, examples of which are
illustrated in the accompanying drawings, wherein like
reference numerals refer to like elements throughout.
[0059] FIG. 1 is a view illustrating constitution of a
washing machine according to an embodiment of the
present disclosure.
[0060] As shown in FIG. 1, a washing machine 1 com-
prises a cabinet 10 defining an appearance of the wash-
ing machine, a tub 20 disposed in the cabinet 10, a rotary
drum 30 rotatably disposed in the tub 20, and a wash
motor 40 to rotate the rotary drum 30.
[0061] In accordance with embodiments, the tub 20
may be formed integrally with the cabinet 10.
[0062] The cabinet 10 is formed with a laundry en-
trance hole 11 at a front portion thereof, through which
a user places laundry into the rotary drum 30. A door 12
is provided at the front portion of the cabinet 10 in order
to open and close the laundry entrance hole 11.
[0063] A water supply pipe 50, through which wash
water is supplied to the tub 20, is mounted above the tub
20. One end portion of the water supply pipe 50 is con-
nected to an external water supply source (not shown),
and the other end portion of the water supply pipe 50 is
connected to a detergent supply device 52.
[0064] The detergent supply device 52 is connected to
the tub 20 by a connection pipe 54. The water supplied
through the water supply pipe 50 flows into the tub 20
together with a detergent via the detergent supply device
52.
[0065] A drain pump 60 and a drain pipe 62 are mount-
ed below the tub 20, in order to discharge the water in
the tub 20 from the cabinet 10.
[0066] The rotary drum 30 includes a cylindrical body
31, a front plate 32 provided at a front portion of the cy-
lindrical body 31, and a rear plate 33 provided at a rear
portion of the cylindrical body 31. The front plate 32 is
formed with an opening 32a through which laundry is
placed or removed into/from the rotary drum 30.
[0067] The rotary drum 30 is formed with a plurality of
through-holes 34 for wash water circulation on a periph-
eral surface thereof. The rotary drum 30 is also provided
with a plurality of lifters 35 on an inner circumferential
surface thereof, in order to lift laundry when the rotary
drum 30 rotates.
[0068] A driving shaft 42 is mounted between the rotary
drum 30 and the wash motor 40. One end portion of the
driving shaft 42 is connected to the rear plate 33 of the
rotary drum 30, and the other end portion of the driving
shaft 42 extends outside a rear wall of the tub 20. If the
wash motor 40 drives the driving shaft 42, the rotary drum
30 connected to the driving shaft 42 rotates about the
driving shaft 42.

[0069] A bearing housing 70 is mounted to the rear
wall of the tub 20, in order to rotatably support the driving
shaft 42. The bearing housing 70 may be made of alu-
minum alloy, and may be inserted into the rear wall of
the tub 20 in an injection molding process of the tub 20.
Bearings 72 are disposed between the bearing housing
70 and the driving shaft 42 so that the driving shaft 42
may smoothly rotate.
[0070] In a washing process, the wash motor 40 rotates
the rotary drum 30 at a relatively low speed in an alter-
nating forward and reverse direction. Laundry in the ro-
tary drum 30 repeatedly may move up and down, thereby
removing contaminants from the laundry.
[0071] In a dehydration process, the wash motor 40
rotates the rotary drum 30 at a relatively high speed in
one direction. Accordingly, water is separated from the
laundry by centrifugal force exerted thereon.
[0072] When the rotary drum 30 rotates during the de-
hydration process, if the laundry is not evenly distributed
in the rotary drum 30 but accumulates at one side of the
rotary drum 30, rotation of the rotary drum 30 may be-
come unstable and vibration and noise may occur.
[0073] In order to accomplish stable rotation of the ro-
tary drum 30, the washing machine 1 includes at least
one balancer 100 (100a and 100b) and a power supply
unit to supply driving power to the balancer. The power
supply unit may be configured as a slip ring, an electric
generator or a switched mode power supply (SMPS), for
example.
[0074] Hereinafter, an exemplary embodiment of using
a slip ring as the power supply unit will be explained.
[0075] The wash motor 40 includes a ring-shaped sta-
tor, a rotor 40a rotatably disposed around the stator, a
driving shaft, one end portion of which is connected to
the rotor 40a to rotate together with the rotor 40a, and a
slip ring 80 disposed at the rear portion of the rotor 40a.
The rotor 40a is configured to rotate by electromagnetic
interaction with the stator. The driving shaft is formed in
a cylindrical shape with a hollow portion, through which
an electric wire may pass. The slip ring 80 receives elec-
tric current generated by rotation of the rotor 40a.
[0076] The slip ring 80, which is coupled to a rear sur-
face of the rotor 40a of the wash motor 40, includes a
body 81 fixed to the rotor 40a, and a rotating member 82
rotatably disposed in the body 81. The rotating member
82 is connected with an electric wire 122 extending
through the driving shaft 42.
[0077] The slip ring 80 receives electricity generated
by rotation of the rotor 40a, and supplies the same to the
balancer 100 through the electric wire 122.
[0078] An exemplary embodiment of using an electric
generator as the power supply unit will now be briefly
explained.
[0079] The washing machine may include an electric
generator mounted to the rotor of the wash motor.
[0080] If electric current flows through a stator coil of
the wash motor, a magnetic field is generated. The rotor
may rotate by the magnetic field generated from the stator
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coil and a magnetic field of a rotor magnet.
[0081] In relative relation between the magnet of the
generator and the coil of the generator, if the rotor rotates,
the magnetic flux applied to the coil from the magnet
changes, and electric current flows through the coil of
the generator.
[0082] According to such an operational principle, the
rotor rotates, and electricity is generated from the coil of
the electric generator.
[0083] That is, rotation of the driving shaft drives the
electric generator coupled to the rotor of the wash motor,
thereby generating electricity through the electric gener-
ator.
[0084] FIG. 2A is an exploded perspective view of the
rotary drum of the washing machine depicted in FIG. 1,
FIG. 2B is a perspective view of a flange, and FIG. 2C is
a sectional view of the rotary drum.
[0085] As shown in FIG. 2A, the rotary drum 30 in-
cludes a cylindrical body 31, a front plate 32 provided at
a front portion of the cylindrical body 31, and a rear plate
33 provided at a rear portion of the cylindrical body 31.
The front plate 32 is formed with an opening 32a through
which laundry is placed in or removed from the rotary
drum 30.
[0086] The front plate 32 has a forwardly protruding
stepped portion. A balancer is mounted to the stepped
portion of the front plate 32.
[0087] The rear plate 33 is coupled to the rear portion
of the cylindrical body 31 to cover the same. A flange 36
is mounted to a rear surface of the rear plate 33.
[0088] The cylindrical body 31 of the rotary drum 30 is
formed with plural through-holes 34, through which the
inside and the outside of the rotary drum 30 communicate
with each other. A plurality of lifters 35 are mounted to
an inner circumferential surface of the cylindrical body
31 of the rotary drum 30.
[0089] The driving shaft 42 is coupled to a center por-
tion of the flange 36. A balancer is mounted to a rear
surface of the flange 36.
[0090] The balancer mounted to the front plate 32 is
called a front balancer 100a, and the balancer mounted
to the rear surface of the flange 36 is called a rear bal-
ancer 100b. Although as a non-limiting example, two bal-
ancers are shown in FIG. 2A, the present disclosure is
not limited thereto. The washing machine may include at
least one balancer.
[0091] The flange 36 is provided with a guide part 37
through which the electric wire 122 passes.
[0092] As shown in FIG. 2B, the guide part 37 defines
a receiving space in the flange 36, and the receiving
space of the guide part 37 communicates with the hollow
portion of the driving shaft 42. Accordingly, the electric
wire 122 received in the hollow portion of the driving shaft
42 may pass through the receiving space of the guide
part 37.
[0093] That is, the guide part 37 extends from the driv-
ing shaft 42, and guides the electric wire 122 from the
outside of the tub 20 to the inside of the tub 20 through

the driving shaft 42.
[0094] The guide part 37 is sealed from the outside.
Alternatively, the guide part with an enclosed structure
may be provided outside the flange.
[0095] The electric wire 122 passes through the hollow
portion of the driving shaft 42 and the receiving space of
the guide part 37 of the flange 36, and serves to transmit
external electric power to the front balancer 100a and
the rear balancer 100b.
[0096] In detail, as shown in FIG. 2C, a part of the elec-
tric wire 122 passing through the receiving space of the
guide part 37 extends to a connector 120 of the rear bal-
ancer 100b, and is electrically and mechanically connect-
ed to the same. The other part of the electric wire 122
extends to a connector 120 of the front balancer 100a
through the lifter 35, and is electrically and mechanically
connected to the same.
[0097] An insertion part 35a is formed inside the lifter
35, into which the electric wire 122 is inserted. The elec-
tric wire 122 inserted into the insertion part 35a extends
to the front balancer 100a positioned in front of the rotary
drum from the rear portion of the rotary drum.
[0098] The flange, the front balancer and the rear bal-
ancer are fixed to the cylindrical body of the rotary drum.
Because the cylindrical body of the rotary drum, the
flange, the front balancer, the rear balancer and the elec-
tric wire rotate integrally by rotation of the wash motor
40, the electric wire is prevented from being twisted.
[0099] FIG. 3A is an exploded perspective view of the
balancer according to an embodiment of the present dis-
closure, and FIG. 3B is a sectional view of a balancer
housing of the balancer according to an embodiment of
the present disclosure. The front balancer 100a and the
rear balancer 100b have the same structure.
[0100] As shown in FIG. 3A, the balancer 100 (100a
and 100b) includes a balancer housing 110 and balanc-
ing modules 200a and 200b provided inside the balancer
housing 110.
[0101] In this embodiment, as a non-limiting example,
two balancing modules 200a and 200b are provided at
each balancer 100. However, the number of balancing
modules may be less or greater than two.
[0102] The balancer housing 110 includes a first hous-
ing 115 formed in a ring shape with an opening, and a
second housing 116 covering the opening of the first
housing 115. The first housing 115 and the second hous-
ing 116 may be welded to each other, and define an en-
closed internal space 119 therebetween. However, the
present disclosure is not limited thereto. For example,
other methods of securing the first housing 115 to the
second housing 116 may be used such as mounting with
fastening members. The structure of the balancer hous-
ing will now be explained with reference to FIG. 3B.
[0103] The first housing 115 includes a first wall 115a,
a second wall 115b opposing the first wall 115a, and a
third wall 115c connecting end portions of the first and
second walls 115a and 115b, thereby having a about
90°rotated U-shaped section. The second housing 116
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has inner and outer rims which are bent toward the first
housing 115. The inner and outer rims of the second
housing 116 are thermally welded to inner and outer rims
115d of the first housing 115. However, the present dis-
closure is not limited thereto. For example, other methods
of securing the inner and outer rims of the first and second
housing may be used such as mounting with fastening
members.
[0104] For thermal welding, the inner and outer rims
115d of the first housing 115 protrude outwardly from the
first and second walls 115a and 115b of the first housing
115, and the second housing 116 has a size to cover the
rims 115d of the first housing 115.
[0105] Electrodes 111 and 112 are provided at an inner
surface of the second housing 116 in order to transmit
electric power from an external power source to the bal-
ancing modules 200a and 200b. The electrodes 111 and
112 may be formed by coating a conductive film on the
inner surface of the balancer housing. The electrodes
111 and 112 have different polarities. That is, one of the
electrodes 111 and 112 is a positive electrode and the
other is a negative electrode.
[0106] The electrodes 111 and 112 are provided along
the circumference of the ring-shaped second housing
116. Therefore, although the balancing modules 200a
and 200b move and the positions thereof are changed
in the balancer housing 110, the electrodes 111 and 112
may continuously transmit electric power to the balancing
modules 200a and 200b.
[0107] In an embodiment, the electrodes 111 and 112
are positioned at the second housing 116. However, the
electrodes may be positioned at any other portion of the
balancer housing 110.
[0108] In the case that both the front balancer 100a
and the rear balancer 100b are coupled to the cylindrical
body 31 interposed therebetween, the second housing
of the front balancer 100a and the second housing of the
rear balancer 100b oppose each other while interposing
the cylindrical body 31 therebetween, and the first hous-
ing of the front balancer 100a and the first housing of the
rear balancer 100b are directed outward.
[0109] A connector 120 is provided at an outer surface
of the second housing 116 of the balancer housing 110,
in order to electrically connect the electrodes 111 and
112 to an external power source (not shown).
[0110] The connector 120 of the front balancer 100a
is directed toward the lifter 35 of the cylindrical body 31
and the flange 36, and the connector 120 of the rear
balancer 100b is directed toward the flange 36.
[0111] That is, the connector of the front balancer 100a
is disposed adjacent to the lifter 35 accommodating the
electric wire 122 therein, and the connector of the rear
balancer 100b is disposed adjacent to the guide part 37
of the flange 36.
[0112] Because the connectors of the front and rear
balancers 100a and 100b are directed toward the flange
36, connection with the electric wire 122 passing through
the guide part 37 of the flange 36 may be facilitated.

[0113] FIGS. 4 and 5 are views illustrating the balancer
housing and the connector, and FIG. 6 is a sectional view
taken along line I-I in FIG. 5.
[0114] As shown in FIGS. 4 through 6, the connector
120 is disposed at the outer surface of the second hous-
ing 116 of the balancer housing 110. The connector 120
includes a plug unit 120a and a socket unit 120b.
[0115] The plug unit 120a includes a plug body 121
and electric wires 122 (122a and 122b) provided in the
plug body 121.
[0116] The plug unit 120a serves to support the electric
wires 122a and 122b electrically connecting an external
power source (not shown) and the balancer housing 110,
so as to easily connect the electric wires 122a and 122b
to the balancer housing 110.
[0117] The socket unit 120b is coupled to the balancer
housing 110 and engaged with the plug unit 120a, there-
by connecting the balancer housing 110 and the plug unit
120a.
[0118] The plug unit 120a is provided with wire termi-
nals 123 (123a and 123b) inserted therein, to which the
electric wires 122a and 122b are connected. The wire
terminals 123a and 123b serve to support the flexible
electric wires 122a and 122b to be easily inserted into
the socket unit 120b.
[0119] The wire terminals 123a and 123b may protrude
from the plug unit 120a. As described above, because
the electrodes 111 and 112 have two different polarities,
i.e., positive polarity and negative polarity, and the
number of electric wires 122a and 122b connected to the
electrodes 111 and 112 is two, the number of wire termi-
nals 123a and 123b is also two.
[0120] The socket unit 120b may protrude from the out-
er surface of the second housing 116 of the balancer
housing 110. The socket unit 120b may be positioned at
any other portion of the balancer housing 110.
[0121] The socket unit 120b includes a socket body
126. Socket holes 127 (127a and 127b) are formed in
the socket body 126, into which the wire terminals 123a
and 123b are inserted. That is, the socket unit 120b may
have a hollow shape as a whole. The number of socket
holes 127a and 127b is also two. One of the socket holes
127a and 127b has positive polarity and the other has
negative polarity.
[0122] Electrode terminals 124 (124a and 124b) are
provided in the socket holes 127a and 127b. The elec-
trode terminals 124a and 124b electrically connect the
electrodes 111 and 112 and the wire terminals 123a and
123b. The electric wires 122a and 122b may be connect-
ed to the electrodes 111 and 112 corresponding to the
respective polarities by the electrode terminals 124a and
124b.
[0123] The socket unit 120b further includes a protrud-
ing part 128 surrounding the socket body 126. The pro-
truding part 128 protrudes from the outer surface of the
second housing 116 of the balancer housing 110. The
protruding part 128 may have the same size as the pe-
ripheral surface of the plug unit 120a. Accordingly, when
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the plug unit 120a is engaged with the socket unit 120b,
the peripheral surface of the protruding part 128 and the
peripheral surface of the plug unit 120a may be smoothly
connected.
[0124] An assembly method of the connector 120 in-
cludes the processes of connecting the wire terminals
123a and 123b to end portions of the electric wires 122a
and 122b, mounting the electric wires 122a and 122b
with the wire terminals 123a and 123b to the plug unit
120a, and engaging the plug unit 120a with the socket
unit 120b. As a result, the electric wires 122a and 122b
and the electrodes 111 and 112 may be electrically con-
nected.
[0125] Because the balancer housing 110 is accom-
modated in the tub 20, the outer surface of the balancer
housing 110 may constantly contact wash water. There-
fore, the connector 120 with the electrical structure is
required to have a waterproof structure.
[0126] The plug unit 120a is formed with a waterproof
recess 125 which is depressed inwardly at a portion
thereof. The waterproof recess 125 is positioned at a
portion of the plug unit 120a opposite to the portion en-
gaged with the socket unit 120b.
[0127] The electric wires 122a and 122b with the wire
terminals 123a and 123b are inserted and fixed into the
waterproof recess 125. The waterproof recess 125 is
filled with an epoxy resin so as to achieve waterproof
effects of the plug unit 120a.
[0128] The engaged portion between the protruding
part 128 of the socket unit 120b and the plug unit 120a
is also required to have a waterproof structure. Any suit-
able engagement method achieving waterproof effects
may be adopted to engage the protruding part 128 of the
socket unit 120b and the plug unit 120a. In an embodi-
ment, as a non-limiting example, the protruding part 128
of the socket unit 120b and the plug unit 120a are not
only engaged but also achieve waterproof effects through
ultrasonic welding.
[0129] Any suitable waterproof structure and method
other than the epoxy resin-filling method and the ultra-
sonic welding method may be included in the principles
and spirit of the present disclosure.
[0130] FIG. 7 is a view illustrating the balancer housing
and the electrodes.
[0131] As shown in FIG. 7, when a width of the elec-
trodes 111 and 112 may be different from a width of the
connector, a portion of the electrodes 111 and 112 may
protrude so as to contact the electrode terminals 124a
and 124b.
[0132] FIG. 8 is a view illustrating the balancing module
according to an embodiment of the present disclosure,
and FIG. 9 is a view illustrating the balancer housing and
the balancing module according to an embodiment of the
present disclosure.
[0133] Hereinafter, the balancing module disposed in
a ring-shaped channel 119 (refer to FIG. 6) formed in the
balancer housing 110 (refer to FIG. 3) will be explained.
[0134] As shown in FIGS. 8 and 9, the balancing mod-

ule 200 includes a main plate 210 defining a basic shape
of the balancing module 200.
[0135] The main plate 210 includes a middle plate 211
and side plates 212 and 213 disposed at both sides of
the middle plate 211. The side plates 212 and 213 incline
with respect to the middle plate 211 at a certain angle.
Accordingly, the balancing module 200 may easily move
along the ring-shaped channel 119.
[0136] The side plates 212 and 213 are respectively
provided with counterweights 270. The counterweights
270 serve to counterbalance the unbalanced load occur-
ring when laundry accumulates at one side of the rotary
drum 30, thereby balancing rotation of the rotary drum 30.
[0137] One of the counterweights 270 is mounted with
a control module 230 at a front surface thereof. The con-
trol module 230 includes components to enable a moving
unit 220 to operate.
[0138] The other of the counterweights 270 is mounted
with a position detecting part 260. The position detecting
part 260 may be configured as a magnetic body including
a permanent magnet, a light emitting element or a reflec-
tive plate to reflect light radiated thereto.
[0139] A position sensor 23 may be mounted to the tub
20 at a position corresponding to the balancer housing
110. The position sensor 23 detects the position of the
balancing module 200. The position sensor 23 may be
configured as a hall sensor, an infrared sensor or an op-
tical fiber sensor, for example.
[0140] When the position sensor is a hall sensor, the
position detecting part may be a magnetic body. When
the position sensor is an infrared sensor, the position
detecting part may be a light emitting element. When the
position sensor is an optical fiber sensor, the position
detecting part may be a reflective plate.
[0141] Bearings 250 are respectively coupled to end
portions of the side plates 212 and 213. The Bearings
250 serve to prevent the balancing module 200 from col-
liding with the inner surface of the balancer housing 110.
In addition, the bearings 250 serve to restrict free move-
ment of the balancing module 200 to a certain extent, so
that the balancing module 200 may be fixed at the accu-
rate position capable of counterbalancing the unbal-
anced load. This will be explained later with reference to
FIG. 11.
[0142] A moving unit 220 is mounted to the middle plate
211. The moving unit 220 includes at least one wheel
222 which enables the balancing module 200 to move,
and a movement motor 221 to rotate the wheel 222. This
will be explained later with reference to FIG. 10.
[0143] Brushes 240 (241 and 242) may be provided at
the rear portion of the moving unit 220. The brushes 241
and 242 are in contact with the electrodes 111 and 112
of the balancer housing 110 and are electrically connect-
ed to the electrodes 111 and 112. Even when the bal-
ancing module 200 moves, the brushes 241 and 242
keep contact with the electrodes 111 and 112, thereby
constantly supplying electric power to the balancing mod-
ule 200, especially, to the moving unit 220.
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[0144] Corresponding to two positive and negative
electrodes 111 and 112, the number of brushes 241 and
242 may also be two. Two brushes 241 and 242 may be
arranged so as to respectively contact the electrodes 111
and 112.
[0145] Because the brushes 241 and 242 are in contact
with the electrodes 111 and 112 in the rotary drum 30
which vibrates while rotating, the brushes 241 and 242
may be damaged. In order to prevent such damage, in-
ternal end portions of the brushes 241 and 242 may be
supported by elastic members.
[0146] FIG. 10 is a view illustrating the moving unit de-
picted in FIG. 8.
[0147] As shown in FIG. 10, the moving unit 220 in-
cludes at least one wheel 222 which enables the balanc-
ing module 200 to move, and a movement motor 221 to
rotate the wheel 222.
[0148] Gears 224 and 226 are provided between the
movement motor 221 and the wheel 222, in order to trans-
mit driving force from the movement motor 221 to the
wheel 222.
[0149] In this embodiment, because a driving shaft 223
of the movement motor 221 and a rotation shaft 225 of
the wheel 222 are perpendicular to each other, the gears
include a first gear 224 and a second gear 226 which are
configured as a worm gear.
[0150] The first gear 224 is formed at the driving shaft
223 of the movement motor 221, and the second gear
226 is engaged with the first gear 224 to rotate with the
same. The  rotation shaft 225 is coupled through a center
portion of the second gear 226, and a plurality of wheels
222 are mounted to both end portions of the rotation shaft
225. A wheel cap 227 secures each wheel 222 to the
rotation shaft 225.
[0151] The first and second gears 224 and 226 may
be configured as a helical gear which is a cylindrical
shaped gear with helicoid teeth.
[0152] The first and second gears 224 and 226, which
are configured as a worm gear or a helical gear, may
restrict rotation of the wheels 222 when the movement
motor 221 is inactivated. Accordingly, when electric pow-
er is not supplied from an external power source (not
shown), the balancing module 200 may not move, but
may be fixed at a final position.
[0153] FIG. 11 is a view illustrating the bearing and the
balancer housing according to an embodiment of the
present disclosure.
[0154] As shown in FIG. 11, the bearing 250 is formed
to contact the inner surface of the balancer housing 110.
The bearing 250 in an embodiment is configured as a
friction bearing. While contacting the inner surface of the
balancer housing 110, the bearing 250 serves to restrict
movement of the balancing module 200 to a certain ex-
tent and also prevent the balancing module 200 from
colliding with the inner surface of the balancer housing
110.
[0155] The bearing 250 includes convex portions 251
which come into contact with the inner surface of the

balancer housing 110, and concave portions 252 which
are depressed from the convex portions 251. That is, the
bearing 250 has a wavy surface.
[0156] Foreign materials present in the balancer hous-
ing 110 may pass through the concave portions 252,
thereby preventing the foreign materials from gathering
at the concave portions 252 and blocking movement of
the balancing module 200.
[0157] In addition, by adjusting a size of the convex
portions 251, the balancing module 200 may be prevent-
ed from colliding with the inner surface of the balancer
housing 110, and the brushes 241 and 242 may contact
the electrodes 111 and 112 while an adequate distance
is maintained between the balancing module 200 and
the inner surface of the balancer housing 110.
[0158] FIGS. 12 and 13 are views illustrating operation
of the balancing module in the balancer housing.
[0159] FIG. 12 illustrates an operational state of the
balancing module 200 when the rotary drum 30 rotates
at a relatively low speed or is in a stationary state.
[0160] As shown in FIG. 12, the main plate 210 of the
balancing module 200 maintains an initial state thereof.
Therefore, the middle plate 211 and the side plates 212
and 213 maintain a certain in tial angle θ1 therebetween.
[0161] The bearings 250 mounted to the end portions
of the side plates 212 and 213 contact a first inner surface
113 of the balancer housing 110, which is positioned in-
wardly in a radial direction of the balancer housing 110.
The wheels 222 contact a second inner surface 114 of
the balancer housing 110, which is positioned outwardly
in the radial direction of the balancer housing 110. That
is, the contact regions between the balancing module
200 and the balancer housing 110 include the contact
regions between the bearings 250 and the first inner sur-
face 113 and the contact regions between the wheels
222 and the second inner surface 114. The wheels 222
are pressurized toward the second inner surface 114 of
the balancer housing 110.
[0162] FIG. 13 illustrates an operational state of the
balancing module 200 when the rotary drum 30 rotates
at a relatively high speed.
[0163] As shown in FIG. 13, by centrifugal force, an
angle θ2 between the middle plate 211 and the side plates
212 and 213 becomes larger than the angle θ1 in the
stationary state of the rotary drum 30. That is, the side
plates 212 and 213 further spread outwardly in the radial
direction of the balancer housing 110.
[0164] As the side plates 212 and 213 spread out, both
the bearings 250 and the wheels 222 come into contact
with the second inner surface 114 of the balancer housing
110.
[0165] Accordingly, the pressure applied to the wheels
222 decreases, and the wheels 222 may rotate more
freely, which enables the balancing module 200 to easily
move to a desired position. That is, because the balanc-
ing module 200 moves more freely in the high speed
rotating state of the rotary drum 30, the balancing module
200 may move to a  position capable of more rapidly
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counterbalancing the unbalanced load of the rotary drum
30.
[0166] FIG. 14 is a view illustrating a balancing module
according to another embodiment of the present disclo-
sure.
[0167] As shown in FIG. 14, a balancing module 300
according to another embodiment of the present disclo-
sure includes a main plate 310 defining a basic shape of
the balancing module 300.
[0168] The main plate 310 is provided with counter-
weights (not shown) and a moving unit 320.
[0169] The moving unit 320 includes at least one wheel
322 which enables the balancing module 300 to move,
and a movement motor 321 to rotate the wheel 322.
[0170] Bearings 350 are mounted to both end portions
of the main plate 310. In an embodiment, the bearings
350 are configured as a ball bearing. Accordingly, the
balancing module 300 may easily move inside the bal-
ancer housing 110 by the bearings 350.
[0171] FIG. 15 is a control block diagram of the washing
machine having the balancer. The washing machine in-
cludes a control module 230 to diagnose a malfunction
of the balancer 100.
[0172] A main control module 90 controls the process-
es of supplying water, draining, washing, rinsing, dehy-
drating and the like, based on an operation command
input by a user.
[0173] In the dehydration process, the main control
module 90 controls rotation of the wash motor 40 and
simultaneously checks the amount of unbalance. The
main control module 90 controls rotation of the wash mo-
tor 40 based on the checked amount of unbalance, or
transmits the checked amount of unbalance to the control
module 230 of the balancer.
[0174] The main control module 90 includes an unbal-
ance detection unit 91, a control unit 92, a driving unit
93, a communication unit 94 and a display unit 95.
[0175] The unbalance detection unit 91 detects the
amount of unbalance occurring by laundry unevenly dis-
tributed in the rotary drum. Here, the amount of unbal-
ance includes unbalanced force exerted on the rotary
drum.
[0176] The control unit 92 compares the amount of un-
balance detected by the unbalance detection unit 91 with
the reference amount of unbalance. If the detected
amount of unbalance is less than or equal to the reference
amount of unbalance, the control unit 92 controls the
wash motor 40 to accelerate. If the detected amount of
unbalance exceeds the reference amount of unbalance,
the control unit 92 transmits the checked amount of un-
balance to the control module 230 of the balancer in order
to control the balance of the rotary drum.
[0177] If a balancer malfunction signal from the control
module 230 of the balancer is transmitted to the control
unit 92, the control unit 92 controls the display unit 95 to
display the malfunction signal.
[0178] The driving unit 93 rotates the wash motor 40
in forward and reverse directions based on the command

of the control unit 92.
[0179] The communication unit 94 transmits the de-
tected amount of unbalance to the control module 230
of the balancer based on the command of the control unit
92. In addition, if a balancer malfunction signal from the
control module 230 of the balancer is transmitted, the
communication unit 94 transmits the balancer malfunc-
tion signal to the control unit 92.
[0180] The display unit 95 displays a malfunction of
the balancer 100 using error codes corresponding to the
balancer malfunction signals. The error codes respec-
tively representing the balancer malfunction signals are
previously set and stored.
[0181] The control module 230 of the balancer receives
the detected amount of unbalance from the main control
module 90 for operation control of the washing machine,
and controls rotation of the movement motor 221 based
on the detected amount of unbalance.
[0182] The control module 230 diagnoses a malfunc-
tion of the balancer 100 based on an electric signal of
electric power supplied from a power supply unit 80. If it
is  determined that the balancer malfunctions based on
diagnosis results, the control module 230 transmits the
balancer malfunction signal to the main control module
90.
[0183] The power supply unit 80 may be configured as
a slip ring, an electric generator, a wireless power transfer
device, a battery or a switched mode power supply
(SMPS), for example.
[0184] The control module 230 includes a detection
unit 231, a control unit 232, a storage unit 233, a driving
unit 234 and a communication unit 235.
[0185] The detection unit 231 detects an electric signal
of power supplied from the power supply unit 80, and
transmits the detected electric signal to the control unit
232. The detection unit 231 includes at least one of a
voltage detection unit 231a, which detects voltage be-
tween the electric wires 122a and 122b used as power
supply lines, and an electric current detection unit 231b,
which detects electric current flowing through the electric
wires 122a and 122b used as the power supply lines.
[0186] The voltage detection unit 231a and the electric
current detection unit 231b are electrically connected to
the power supply unit 80 through the wires 122a and
122b, and accordingly receive electric power from the
power supply unit 80.
[0187] The detection unit 231 further includes a speed
detection unit 231c to detect a rotational speed of the
movement motor 221.
[0188] The control unit 232 controls the position of the
balancing module based on the detected amount of un-
balance.
[0189] In detail, the control unit 232 determines a target
position of the balancing module, at which force capable
of compensating for unbalanced force corresponding to
the detected amount of unbalance is generated, and con-
trols rotation of the movement motor 221 so that the bal-
ancing module may move to the determined target posi-
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tion.
[0190] In the case that two balancing modules are pro-
vided, the control unit 232 calculates resultant force of
two balancing modules capable of compensating for the
unbalanced force, determines target positions of two bal-
ancing modules, at which the calculated resultant force
is generated, and respectively controls rotation of two
movement motors  221 of two balancing modules so that
two balancing modules may respectively move to the de-
termined target positions.
[0191] That is, the control unit 232 controls the respec-
tive positions of two balancing modules so that the re-
sultant force generated by two balancing modules may
compensate for the unbalanced force generated by laun-
dry.
[0192] The rotational speed of the movement motor
221 detected by the speed detection unit 231c is fed back
to the control unit 232, and the control unit 232 performs
speed adjustment of the movement motor 221 so that
the balancing module may move to the target position.
[0193] As described above, when unbalance of the ro-
tary drum occurs, the unbalanced load generated in the
rotary drum may be counterbalanced by moving the bal-
ancing module along the internal space of the balancer
housing. As a result, vibration and noise may be reduced.
[0194] The control unit 232 diagnoses a malfunction
of the balancer 100 based on an electric signal transmit-
ted through the electric wires. If it is determined that the
balancer malfunctions based on diagnosis results, the
control unit 232 controls to stop movement of the balanc-
er, and transmits the balancer malfunction signal to the
main control module 90 through the communication unit
235.
[0195] The control unit 232 compares the voltage de-
tected by the detection unit 231 with reference voltage
within a normal range, and diagnoses poor contact in the
power supply lines.
[0196] The control unit 232 compares electric current
detected by the detection unit 231 with first reference
electric current within a normal range, and diagnoses
poor contact in the power supply lines. The control unit
232 compares the electric current detected by the detec-
tion unit 231 with second reference electric current, and
diagnoses an electric short between the brushes. The
control unit 232 compares the electric current detected
by the detection unit 231 with third reference electric cur-
rent, and diagnoses a malfunction of the movement mo-
tor 221.
[0197] The storage unit 233 stores the reference volt-
age within a normal range to diagnose a malfunction of
the balancer.
[0198] In addition, the storage unit 233 stores the first
reference electric current, the second reference electric
current and the third reference electric current to diag-
nose a malfunction of the balancer.
[0199] Here, the first reference electric current is elec-
tric current within a normal range to determine poor con-
tact in the power supply lines, the second reference elec-

tric current is electric current to determine an electric
short between the brushes, and the third reference elec-
tric current is electric current to determine a malfunction
of the movement motor 221. The intensity of the first ref-
erence electric current is the lowest, and the intensity of
the third reference electric current is the highest.
[0200] The storage unit 233 also stores the error codes
respectively representing the balancer malfunction sig-
nals.
[0201] The driving unit 234 rotates the movement mo-
tor 221 in forward and reverse directions or stops rotation
of the movement motor 221 based on the command of
the control unit 232.
[0202] The communication unit 235 transmits the bal-
ancer malfunction signal to the main control module 90
or transmits the detected amount of unbalance from the
main control module 90 to the control unit 232 based on
the command of the control unit 232.
[0203] FIGS. 16 through 18 are control flowcharts of
the washing machine having the balancer.
[0204] Based on an operation command input by a us-
er through an input unit (not shown), the washing ma-
chine performs the processes of supplying water, detect-
ing laundry, soaking laundry, draining, washing, rinsing,
dehydrating and the like, and simultaneously enables the
display unit 95 to display the current operation state and
the following operation state.
[0205] While performing the processes of detecting
laundry, soaking laundry, washing, rinsing, dehydrating
and the like, the washing machine rotates the wash motor
40 in  forward and reverse directions at a certain speed
preset in accordance with each operation algorithm.
[0206] Through rotation of the wash motor 40, electric
power is generated inside the washing machine, which
is different from the commercial power. The generated
electric power is supplied to at least one balancer 100
(100a and 100b) through electric wires 122 (122a and
122b).
[0207] The washing machine includes a slip ring 80 as
the power supply unit, which induces electric power ac-
cording to rotor rotation of the wash motor 40.
[0208] That is, when the wash motor 40 rotates, electric
power is induced in the slip ring 80. The electric power
induced in the slip ring 80 is transmitted to the rear bal-
ancer 100b through the electric wires 122 inserted into
the hollow portion of the driving shaft 42 and the guide
part 37 of the flange. The electric power induced in the
slip ring 80 is also transmitted to the front balancer 100a
through the electric wires 122 inserted into the hollow
portion of the driving shaft 42, the guide part 37 of the
flange and the insertion part 35a of the lifter. The electric
wires 122 are connected to the connector 120 mounted
to the balancer housing 110, and the electric power in-
duced in the slip ring 80 is transmitted to the connector
120 through the electric wires 122.
[0209] The electric power transmitted to the connector
120 is transmitted to the electrodes 111 and 112 which
are electrically connected to the connector 120 and pro-
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vided in the balancer housing 110. The electric power
transmitted to the electrodes 111 and 112 is transmitted
to two brushes of the balancing module which are re-
spectively in contact with the electrodes 111 and 112.
The electric power transmitted to two brushes is trans-
mitted to the control module 230 of the balancing module
and the movement motor 221.
[0210] Through the above-described transmission
path, the electric power generated from the slip ring dis-
posed outside the tub may be supplied to the balancers
100 disposed inside the tub.
[0211] If the electric power is applied to each balancer
100 through the connector 120 mounted to the balancer
housing at operation 401, the control module 230 of each
balancer 100 detects an electric signal of the power ap-
plied to the balancer 100 through  the detection unit 231
at operation 402, compares the detected electric signal
with the reference electric signal within a normal range
at operation 403, diagnoses a malfunction of the balancer
100 at operation 404, and outputs the malfunction signal
to enable a user to be aware of the malfunction upon
determining that the balancer 100 malfunctions at oper-
ation 405.
[0212] During the dehydration process in a normal
state of the balancer 100, the unbalance of the rotary
drum is controlled by controlling movement of the bal-
ancing module based on the amount of unbalance of the
rotary drum.
[0213] In detail, based on the unbalanced force of the
rotary drum detected by the unbalance detection unit 91
in the dehydration process, the control module 230 cal-
culates resultant force of two balancing modules capable
of compensating for the detected unbalanced force, de-
termines target positions of two balancing modules, at
which the calculated resultant force is generated, and
respectively drives two movement motors 221 of two bal-
ancing modules so that two balancing modules may re-
spectively move to the determined target positions.
[0214] When the movement motor 221 is driven, the
control module 230 detects a rotational speed of the
movement motor 221 through the speed detection unit
231c, and adjusts the rotational speed of the movement
motor 221 using the detected speed.
[0215] If the unbalanced load of the rotary drum is
counterbalanced, rotation of the wash motor 40 is accel-
erated to a preset rotational speed for normal dehydra-
tion.
[0216] The method of diagnosing a malfunction of the
balancer 100 will be explained in more detail with refer-
ence to FIGS. 17 and 18.
[0217] FIG. 17 is a flowchart of the balancer malfunc-
tion diagnosis method based on voltage applied to the
balancer.
[0218] As shown in FIG. 17, the control module 230 of
the balancer detects voltage applied to the balancer
through the voltage detection unit 231a at operation 411,
and compares the detected voltage with reference volt-
age within a normal range to determine whether the de-

tected voltage is less than the reference voltage at op-
eration 412. If the detected  voltage is equal to the refer-
ence voltage within a normal range, it is determined that
the balancer is in a normal state.
[0219] However, if the detected voltage is less than the
reference voltage, the control module 230 of the balancer
determines that there is poor contact in the power supply
lines, stops driving of the balancer, and transmits a mal-
function signal having an error code for poor contact in
the power supply lines to the main control module 90.
[0220] The poor contact in the power supply lines may
include poor contact between the connector and the elec-
trodes due to moisture, carbon dust of the brushes, spring
tension, broken wires or the like, or poor contact of at
least one contact point between the electrodes and the
brushes.
[0221] Because poor contact in the power supply lines
causes a voltage drop, whether there is poor contact in
the power supply lines may be determined by comparing
the detected voltage with the reference voltage. Here,
the reference voltage is defined as voltage necessary to
drive the balancer.
[0222] Upon receiving the malfunction signal from the
control module 230 of the balancer, the main control mod-
ule 90 outputs the poor contact in the power supply lines
by displaying the malfunction signal through the display
unit 95 at operation 413.
[0223] That is, the display unit 95 displays an error
code corresponding to the malfunction signal of the bal-
ancer, thereby enabling a user to be aware of a malfunc-
tion of the balancer.
[0224] FIG. 18 is a flowchart of the balancer malfunc-
tion diagnosis method based on electric current applied
to the balancer.
[0225] As shown in FIG. 18, the control module 230 of
the balancer detects electric current applied to the bal-
ancer through the electric current detection unit 231b at
operation 421, and compares the detected electric cur-
rent with the first reference electric current within a normal
range to determine whether the detected electric current
is less than the first reference electric current at operation
422.
[0226] If the detected electric current is less than the
first reference electric current, the control module 230
determines that there is poor contact in the power supply
lines, and outputs the poor contact in the power supply
lines at operation 423.
[0227] That is, the control module 230 stops driving of
the balancer, and transmits a malfunction signal having
an error code for poor contact in the power supply lines
to the main control module 90 in order to inform a user
of the malfunction of the balancer.
[0228] Based on a control command of the main control
module 90, the display unit 95 displays a malfunction
information related to poor contact in the power supply
lines, thereby enabling a user to be aware of the same.
[0229] The poor contact in the power supply lines may
include poor contact between the connector and the elec-
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trodes due to moisture, carbon dust of the brushes, spring
tension, broken wires or the like, or poor contact of at
least one contact point between the electrodes and the
brushes.
[0230] If the detected electric current is greater than or
equal to the first reference electric current, the control
module 230 of the balancer compares the detected elec-
tric current with the second reference electric current,
and the detected electric current with the third reference
electric current at operation 424.
[0231] If the detected electric current is less than the
second reference electric current, the control module 230
determines that the balancer is in a normal state. How-
ever, if the detected electric current is greater than or
equal to the second reference electric current and less
than the third reference electric current, the control mod-
ule 230 determines that there is a short between two
brushes, stops driving of the balancer, and outputs the
malfunction of the balancer at operation 425. That is, the
control module 230 transmits a malfunction signal having
an error code for a short between the brushes to the main
control module 90 in order to inform a user of the mal-
function of the balancer.
[0232] Based on a control command of the main control
module 90, the display unit 95 displays a malfunction
information related to a short between the brushes, there-
by enabling a user to be aware of the same.
[0233] The control module 230 determines whether the
detected electric current is greater than the third refer-
ence electric current at operation 426. If the detected
electric current is greater than the third reference electric
current, the control module 230 determines that the
movement motor malfunctions, stops driving of the bal-
ancer, and outputs the malfunction of the movement mo-
tor at operation 427. That is, the control module 230 trans-
mits a malfunction signal having an error code for mal-
function of the movement motor to the main control mod-
ule 90. Based on a control command of the main control
module 90, the display unit 95 displays a malfunction
information related to a malfunction of the movement mo-
tor, thereby enabling a user to be aware of the same.
[0234] Here, the malfunction of the movement motor
may include restriction in rotation, failure to start the
movement motor or the like.
[0235] If poor contact between the connector and the
electrodes or poor contact between the electrodes and
the brushes occurs, a voltage drop is caused, and electric
current decreases due to increase in contact resistance.
Thus, the reference electric current necessary to drive
the balancer becomes low.
[0236] Accordingly, in order to determine whether
there is poor contact in the power supply lines, the de-
tected electric current is compared with the first reference
electric current.
[0237] If a short between two brushes of the balancing
module occurs, the electric current increases above the
first reference electric current necessary to drive the bal-
ancer. If driving of the movement motor is not normally

performed, abnormal current greater than the first refer-
ence electric current flows through the control module
230.
[0238] Accordingly, in order to determine whether
there is a short between the brushes and whether the
movement motor malfunctions, the detected electric cur-
rent is compared with the second reference electric cur-
rent generated by occurrence of a short between the
brushes and the third reference electric current generat-
ed by a malfunction of the movement motor.
[0239] As such, a short between two brushes or a mal-
function of the movement motor may be diagnosed
through the electric current applied to the balancer.
[0240] Although the balancer malfunction diagnosis
method based on either voltage or electric current has
been described above with reference to FIGS. 17 and
18, a balancer malfunction diagnosis method based on
both voltage and electric current applied to the balancer
may also be accomplished.
[0241] Although a few embodiments of the present dis-
closure have been shown and described, it would be ap-
preciated by those skilled in the art that changes may be
made in these embodiments without departing from the
principles of the disclosure, the scope of which is defined
in the claims and their equivalents.

Claims

1. A balancer arranged to be mounted to a rotary drum
to counterbalance an unbalanced load generated in
rotation of the rotary drum, the balancer comprising:

at least one balancing module configured to
move to a position capable of counterbalancing
the unbalanced load of the rotary drum; and
a balancer housing formed with a ring-shaped
channel therein along which the balancing mod-
ule is arranged to move,
wherein the balancer housing includes:
at least one electrode provided at an inner sur-
face of the balancer housing in a circumferential
direction of the balancer housing; and
a connector provided at an outer surface of the
balancer housing in order to electrically connect
an external power source and the electrode.

2. The balancer according to claim 1, wherein the con-
nector includes a socket unit protrudingly provided
at the outer surface of the balancer housing, the
socket unit being located at a position corresponding
to a position of the electrode, and a plug unit config-
ured to be coupled to the socket

3. A washing machine comprising:

a rotary drum; and
at least one balancer according to claim 1 or 2
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configured to counterbalance an unbalanced
load generated in the rotary drum,
wherein the balancer housing of each balancer
is mounted to the rotary drum;
wherein each balancing housing includes at
least one electric wire electrically connected to
a said electrode in order to apply electric power
from an external power source to the said elec-
trode, wherein the said electrode is arranged to
transmit electric power to a said moving unit; and
wherein the connector is arranged to electrically
connect the electric wire and the said electrode.

4. The washing machine according to claim 3 when de-
pendent on claim 2, wherein the plug unit includes
a wire terminal arranged to fix an end portion of the
electric wire in the plug unit; optionally wherein the
socket unit includes a socket hole formed at a center
portion thereof, into which the plug unit is inserted;
further optionally wherein the socket unit further in-
cludes an electrode terminal to electrically connect
the wire terminal and the electrode.

5. The washing machine according to claim 3 or 4 when
dependent on claim 2, wherein the connector further
includes a protruding part provided at the socket unit
provided at an outer surface of the balancer housing,
the protruding part having a shape corresponding to
a shape of the plug unit; optionally wherein the pro-
truding part and the plug unit are coupled to each
other by ultrasonic welding.

6. The washing machine according to any one of claims
3 to 5 when dependent on claim 2, wherein the plug
unit includes a waterproof recess which is depressed
inwardly at a portion thereof; optionally wherein the
waterproof recess is filled with an epoxy resin to pre-
vent water from passing through the plug unit.

7. The washing machine according to any one of claims
3 to 6, wherein the electrode is formed by coating a
conductive film on the inner surface of the balancer
housing.

8. The washing machine according to any one of claims
3 to 7, further comprising:

at least one lifter protrudingly provided at an in-
ner circumferential surface of the rotary drum.

9. The washing machine according to claim 8, wherein
a said lifter has an end portion which is in contact
with a said balancer; optionally wherein the connec-
tor passes through the end portion of the said lifter;
further optionally wherein the electric wire has an
end portion connected to the connector, and passes
through the said lifter.

10. The washing machine according to any one of claims
3 to 9, further comprising:

a flange disposed at the rear portion of the rotary
drum and coupled to a driving shaft which ena-
bles the rotary drum to rotate.

11. The washing machine according to claim 10, wherein
the driving shaft is formed in a cylindrical shape with
a hollow portion, and the electric wire passes through
the hollow portion of the driving shaft and the flange
to connect to the balancer housing.

12. The washing machine according to claim 10 or 11,
wherein the flange is provided with a guide part
through which the electric wire passes; optionally
wherein the guide part includes a receiving space
which communicates with the hollow portion of the
driving shaft and the electric wire received in the hol-
low portion of the driving shaft passes through the
receiving space of the guide part.

13. The washing machine according to any one of claims
10 to 12, wherein the electric wire passing through
the lifter extends along the flange.

14. The washing machine according to any one of claims
10 to 13, wherein the driving shaft is formed in a
hollow cylindrical shape, through which the electric
wire passes.

15. The washing machine according to any one of claim
3 to 14, wherein the at least one balancer includes
a front balancer mounted to a front portion of the
rotary drum and a rear balancer mounted to the rear
portion of the rotary drum.
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