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(54) Washing machine and laundry amount detection apparatus thereof

(57) Disclosed herein are a washing machine that
amplifies the displacement of a tub according to input of
laundry such that the displacement of the tub is accu-
rately sensed by a sensor module and a laundry amount
detection apparatus thereof. The washing machine in-
cludes a housing forming an external appearance there-
of, a tub provided in the housing to contain water, an
amplification unit to amplify displacement of the tub, and
a sensor module to sense weight of laundry using the
amplified displacement of the tub.
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Description

BACKGROUND

1. Field

[0001] Embodiments of the present invention relate to
a washing machine that amplifies the displacement of a
tub according to input of laundry such that the displace-
ment of the tub is sensed by a sensor module and a
laundry amount detection apparatus thereof.

2. Description of the Related Art

[0002] Generally, a washing machine (normally, a
drum washing machine) includes a tub mounted in a
housing to receive water containing a detergent, i.e., de-
tergent water, a drum rotatably mounted in the tub to
wash laundry, and a door hingedly coupled to the front
of the housing to open and close an opening formed at
the front of the housing. Laundry is put into the drum
through the opening of the housing, a predetermined
amount of detergent water is supplied into the tub, and
the drum is rotated to wash the laundry.
[0003] When a user selects a washing course, the
weight of the laundry is sensed to decide the amount of
wash water, wash water sufficient to wet the laundry is
supplied into the tub together with a detergent according
to the decided amount of wash water, and the drum is
rotated to perform a washing cycle and a spin-drying cy-
cle.
[0004] When the weight of the laundry is accurately
sensed, the amount of water corresponding to the sensed
weight of the laundry is supplied to wash the laundry.
Consequently, the amount of water and power used is
reduced, thereby reducing energy consumption.
[0005] In the related art, laundry in the drum is used
as an inertia load, and inertia is estimated to sense the
weight of the laundry. For example, predetermined volt-
age is applied to a motor to accelerate the drum, and
inertia is estimated using change in voltage and velocity
of the motor during acceleration of the drum to sense the
weight of the laundry.
[0006] In this method of sensing the weight of the laun-
dry, no additional sensor is provided, thereby reducing
material costs. However, a weight sensing error may oc-
cur according to the waveform of the voltage. Also, wash-
ing machines may have different deviations, with the re-
sult that an error may occur during sensing of the weight
of the laundry.
[0007] Also, the displacement of the tub according to
the descent of the tub due to input of laundry may be
measured to estimate the amount of laundry. If the de-
scent of the tub according to the input of the laundry is
slight, however, a weight sensing error may occur. In
particular, when a small amount of laundry is input, the
descent of the tub is very slight, with the result that weight
detection may fail.

SUMMARY

[0008] It is an aspect of to provide a washing machine
that amplifies the displacement of a tub according to input
of laundry such that the displacement of the tub is accu-
rately sensed by a sensor module and a laundry amount
detection apparatus thereof.
[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be obvious
from the description, or may be learned by practice of
the invention.
[0010] In accordance with one aspect, a washing ma-
chine includes a housing forming an external appearance
thereof, a tub provided in the housing to contain water,
an amplification unit to amplify displacement of the tub,
and a sensor module to sense weight of laundry using
the amplified displacement of the tub.
[0011] The amplification unit may include a lever con-
figured to be rotated about a predetermined shaft in pro-
portion to the displacement of the tub to amplify the dis-
placement of the tub and a fixing member rotatably cou-
pled to a predetermined region of the lever at one end
thereof to form the shaft of the lever.
[0012] The lever may include an input end provided at
the tub such that the displacement of the tub is transmit-
ted to the input end and an output end provided opposite
to the input end to amplify and transmit the displacement
of the tub to the sensor module.
[0013] The lever may be formed such that a length
from the input end of the lever to the shaft of the lever is
shorter than a length from the output end of the lever to
the shaft of the lever.
[0014] The washing machine may further include a
damper provided below the tub to dampen vibration, and
the damper may include a cylinder mounted at a bottom
of the housing and a piston provided below the tub such
that the piston is advanced and retreated in the cylinder.
[0015] The piston may be coupled to the input end of
the lever provided below the tub such that the displace-
ment of the tub is transmitted to the input end of the lever.
[0016] The fixing member may have the other end fix-
edly mounted to an outer circumference of the cylinder.
[0017] The sensor module may include an optical sen-
sor module mounted at a side of the housing, and the
output end of the lever may include a reflection plate cor-
responding to the optical sensor module.
[0018] The sensor module may include a capacitance
sensor module mounted at a side of the housing and the
output end of the lever.
[0019] The capacitance sensor module may include a
first electrode plate mounted at the side of the housing
and a second electrode plate mounted at the output end
of the lever such that the second electrode plate faces
the first electrode plate.
[0020] The capacitance sensor module may constitute
an RC circuit and/or an LC circuit using change in capac-
itance between the first electrode plate and the second
electrode plate.

1 2 



EP 2 363 525 A2

3

5

10

15

20

25

30

35

40

45

50

55

[0021] The sensor module may include a resistor sen-
sor module mounted at a side of the housing and the
output end of the lever.
[0022] The resistor sensor module may include a var-
iable resistor mounted at the side of the housing and a
resistance adjuster mounted at the output end of the lever
such that the resistance adjuster is connected to the var-
iable resistor to adjust a resistance value of the variable
resistor.
[0023] The resistor sensor module may constitute an
RC circuit or an RR circuit using change in output voltage
of the variable resistor.
[0024] In accordance with another aspect of the
present invention, a washing machine includes a hous-
ing, a tub provided in the housing to contain water, a lever
having an output end to amplify displacement of the tub
transmitted to an input end according to input of laundry
into the washing machine, and a sensor module config-
ured to measure displacement of the output end of the
lever to sense weight of the laundry.
[0025] The washing machine may further include a fix-
ing member coupled to a predetermined region of the
lever to form a shaft of the lever, and the lever may be
rotated about the shaft such that the displacement of the
tub transmitted to the input end of the lever is amplified
at the output end of the lever.
[0026] In accordance with a further aspect of the
present invention, a laundry amount detection apparatus
of a washing machine includes a sensor module config-
ured to measure descent of a tub to sense weight of laun-
dry and a lever configured to be rotated about a shaft to
amplify the descent of the tub such that the descent of
the tub is sensed by the sensor module, wherein the lever
includes an input end fixedly mounted to the tub such
that the descent of the tub is transmitted to the input end
and an output end provided opposite to the sensor mod-
ule.
[0027] The laundry amount detection apparatus may
further include a fixing member rotatably coupled to a
predetermined region of the lever at one end thereof to
form the shaft of the lever.
[0028] The sensor module may include an optical sen-
sor module, and the output end of the lever may include
a reflection plate corresponding to the optical sensor
module.
[0029] The sensor module may include a capacitance
sensor module, and the capacitance sensor module may
include a first electrode plate having a predetermined
size and a second electrode plate mounted at the output
end of the lever such that the second electrode plate
corresponds to the first electrode plate.
[0030] The sensor module may include a resistor sen-
sor module, and the resistor sensor module may include
a variable resistor and a resistance adjuster mounted at
the output end of the lever such that the resistance ad-
juster is connected to the variable resistor to adjust a
resistance value of the variable resistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] These and/or other aspects of the invention will
become apparent and more readily appreciated from the
following description of the embodiments, taken in con-
junction with the accompanying drawings of which:

FIG. 1 is a schematic side sectional view illustrating
the structure of a drum washing machine according
to an embodiment of the present invention;

FIG. 2 is a front sectional view of the drum washing
machine shown in FIG. 1;

FIG. 3 is a partially enlarged view of FIG. 2;

FIG. 4 is a view illustrating the operation of a lever
shown in FIG. 3;

FIG. 5 is a schematic control block diagram of a sen-
sor module shown in FIG. 3;

FIG. 6 is a control flow chart illustrating a process of
sensing image change based on displacement of an
object, which is changed depending upon the weight
of laundry, in the drum washing machine shown in
FIG. 2 to confirm the weight of the laundry;

FIG. 7 is a view illustrating a pixel mapping process
to determine a correlation coefficient between a ref-
erence image and a current image of FIG. 6;

FIG. 8 is a partial view illustrating a drum washing
machine according to another embodiment of the
present invention;

FIG. 9 is a view illustrating the operation of a lever
shown in FIG. 8;

FIG. 10 is a partial view illustrating a drum washing
machine according to a further embodiment of the
present invention; and

FIG. 11 is a view illustrating the operation of a lever
shown in FIG. 10.

DETAILED DESCRIPTION

[0032] Reference will now be made in detail to the em-
bodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein
like reference numerals refer to like elements throughout.
[0033] FIG. 1 is a schematic side sectional view illus-
trating the structure of a drum washing machine 1-1 ac-
cording to an embodiment of the present invention. FIG.
2 is a front sectional view of the drum washing machine
shown in FIG. 1. FIG. 3 is a partially enlarged view of
FIG. 2. FIG. 4 is a view illustrating the operation of a lever
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shown in FIG. 3.
[0034] As shown in FIGS. 1 to 4, the drum washing
machine 1-1 includes a box-shaped housing 10 forming
the external appearance thereof, a tub 20 provided in the
housing 10 to contain water, a cylindrical drum 30 rotat-
ably mounted in the tub 20, the drum 30 having through
holes 31 through which water and air pass, and a drive
motor 40 to transmit rotational force to the drum 30 such
that the drum 30 is rotated to wash and spin-dry laundry
in the drum 30.
[0035] The tub 20 and the drum 30 are partially open
at the front middle portions thereof to constitute inlet ports
20a and 30a through which laundry is put into or removed
from the drum 30. To the front of the housing 10 is hinged-
ly coupled a door 50 to open and close the inlet ports 20a
and 30a of the tub 20 and the drum 30.
[0036] At the inner circumference of the drum 30 are
arranged lifters 32 at predetermined intervals. During ro-
tation of the drum 30 in alternating directions, the laundry
is lifted and dropped by the lifters 32, by which the laundry
is washed.
[0037] In this embodiment, the drum washing machine
1-1 also includes suspension springs 60 disposed above
the tub 20 to elastically support the tub 20 and dampers
70 disposed below the tub 20 to dampen vibration, there-
by preventing the occurrence of vibration during the op-
eration of the drum washing machine 1-1.
[0038] The suspension springs 60 and the dampers
70 movably support the tub 20 above and below the tub
20. That is, vibration generated from the drum 30 during
rotation of the drum 30 is transmitted to the tub 20, with
the result that the tub 20 is vibrated in all directions, for
example back and forth, side to side, and up and down.
Such vibration of the tub 20 is dampened by the suspen-
sion springs 60 and the dampers 70.
[0039] Each of the dampers 70 may be mounted to the
tub 20 at one end 70a thereof and to a bottom 10a of the
housing 10 at the other end 70b thereof via an interven-
tion member 10c to dampen vibration generated from the
tub 20 during rotation of the drum 30.
[0040] Each of the dampers 70 includes a cylinder 71
having one open end 71a and the other end 71 b mounted
to the bottom 10a of the housing 10 of the washing ma-
chine, a piston 72 having one end 72a mounted in the
cylinder 71 in an advancing and retreating manner and
the other end 72b mounted to the bottom of the tub 20,
and a friction pad 73 having one major surface mounted
to the piston 72 and the other major surface in tight con-
tact with the inner surface of the cylinder 71 such that
the friction pad 73 is advanced and retreated in the cyl-
inder 71 together with the piston 72 to dampen vibration
through friction between the friction pad 73 and the cyl-
inder 71.
[0041] When vibration from the tub 20 is transmitted
to each of the dampers 70, therefore, the friction pad 73
moves along the inner surface of the cylinder 71 accord-
ing to the movement of the piston 72 to dampen vibration
transmitted from the tub 20 through friction between the

friction pad 73 and the cylinder 71.
[0042] Meanwhile, a fixing member 80 is mounted to
the outer circumference of the cylinder 71 such that the
fixing member 80 is coupled to a predetermined region
of a lever 100, which will be described later. One end 81
of the fixing member 80 is fixedly mounted to the cylinder
71 via screws 83, and the other end 82 of the fixing mem-
ber 80 is fixedly mounted to the predetermined region of
the lever 100, with the result that the lever 100 is rotated
about the predetermined region as the tub 20 descends.
[0043] In the drawings, the fixing member 80 is mount-
ed to the outer circumference of the cylinder 71 although
the fixing member 80 may be formed in various shapes
and mounted at the bottom 10a or a side 10b of the hous-
ing 10.
[0044] In this embodiment, the drum washing machine
1-1 also includes a sensor module 90 to sense displace-
ment of the tub 20 before and after laundry is put into the
drum 30 to confirm laundry amount, i.e., the weight of
the laundry. The sensor module 90 may be mounted to
the side 10b of the housing 10 such that the sensor mod-
ule 90 is opposite to the outer circumference of the tub 20.
[0045] When laundry is put into the drum 30, the tub
20 descends vertically. The heavier the laundry is, the
more the tub 20 descends.
[0046] The sensor module 90 senses displacement of
the tub 20 before and after the laundry is put into the
drum 30 to confirm the weight of the laundry.
[0047] The sensor module 90 may be an optical sensor
module, which will be described in detail with reference
to FIGS. 4 to 6.
[0048] In this embodiment, the drum washing machine
1-1 also includes a lever 100 to amplify the displacement
of the tub 20 such that displacement of the tub 20 is
sensed by the optical sensor module 90.
[0049] The lever 100 is long and disposed between
the lower part of the tub 20 and the optical sensor module
90. The lever 100 includes an input end 110 fixedly
mounted to the tub 20 and an output end 120 opposite
to the input end 110 such that the output end 120 faces
the optical sensor module 90.
[0050] As shown in FIGS. 3 and 4, the input end 110
of the lever 100 may be coupled to a position where the
piston 72 of a corresponding one of the dampers 70 is
mounted at the lower part of the tub 20. The input end
110 of the lever 100 may be coupled to any region of the
tub 20 as long as the input end 110 of the lever 100
amplifies or magnifies micro displacement of the tub 20
such that the displacement of the tub 20 is sensed by the
optical sensor module 90.
[0051] The lever 100 is provided with a rotation shaft
130 coupled to the fixing member 80 such that the rotation
shaft 130 is adjacent to the input end 110 of the lever
100. The rotation shaft 130 serves as a rotation center
of the lever 100.
[0052] The output end 120 of the lever 100 amplifies
micro displacement of the tub 20 input to the input end
110 of the lever 100. That is, on the assumption that the
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distance from the input end 110 of the lever 100 to the
rotation shaft 130 is a and the distance from the rotation
shaft 130 to the output end 120 of the lever 100 is b, the
output end 120 of the lever 100 amplifies micro displace-
ment of the tub 20 by b/a according to the principle of the
lever.
[0053] The output end 120 of the lever 100 may in-
cludes a reflection plate 121 to reflect light emitted from
the optical module sensor 90. The reflection plate 121
may not be provided as long as the width of the output
end 120 of the lever 100 facing the optical sensor module
is sufficiently large, and the output end 120 of the lever
100 is formed of a reflective material to reflect light.
[0054] When laundry is put into the drum 30, the tub
20 descends. As a result, the lever 100 is rotated about
the rotation shaft 130 as shown in FIG. 4. At this time,
the lever 100 amplifies micro displacement of the tub 20
by b/a such that the displacement of the tub 20 is sensed
by the optical module sensor 90.
[0055] For example, if b/a is 4, the displacement of the
output end 120 of the lever 100 is four times that of the
tub 20. That is, on the assumption that the displacement
of the tub 20 is 1 mm, the displacement of the output end
120 of the lever 100 is amplified to 4 mm, which is suffi-
cient for the optical sensor module 90 to sense the weight
of laundry.
[0056] In this way, the displacement of the tub 20 is
amplified according to the principle of the lever using the
optical sensor module 90 and the lever 100, and the am-
plified displacement of the tub 20 is sufficient for the op-
tical sensor module 90 to sense the weight of laundry.
Although the tub 20 descends very slightly, therefore, the
weight of laundry is sensed by the optical sensor module
90.
[0057] Also, the use of the optical sensor module 90
and the lever 100 may reduce the occurrence of weight
sensing errors based on a voltage waveform as com-
pared with the use of a motor in the related art.
[0058] FIG. 5 is a schematic control block diagram of
the optical sensor module shown in FIG. 3. FIG. 6 is a
control flow chart illustrating a process of sensing image
change based on displacement of an object, which is
changed depending upon the weight of laundry, in the
drum washing machine shown in FIG. 2 to confirm the
weight of the laundry. FIG. 7 is a view illustrating a pixel
mapping process to determine a correlation coefficient
between a reference image and a current image of FIG. 6.
[0059] As shown in FIGS. 5 to 7, the optical sensor
module 90 may include a light source 91, a lens 92, an
image sensor 93 and an image processor 94.
[0060] The light source 91 may be a light emitting diode
(LED) or a laser. However, it is not limited thereof. The
light source 91 irradiates light to the output end 120 of
the lever 100.
[0061] The lens 92 adjusts the direction of the light
emitted from the light source 91 such that the light is
directed to the output end 120 of the lever 100 and the
direction of the light reflected from the output end 120 of

the lever 100 such that the light is directed to the image
sensor 93.
[0062] The image sensor 93 receives the light reflected
from the output end 120 of the lever 100 to create an
image of the output end 120 of the lever 100. The light
source 91 and the image sensor 93 may be incorporated
into the sensor module 90 to achieve structural integra-
tion.
[0063] The image processor 94 calculates displace-
ment of two images using a common correlation algo-
rithm to compare the two images.
[0064] A controller 200 communicates with the image
processor 94 to receive the image change between the
two images from the image processor 94 and retrieves
the weight of laundry corresponding to the image change
from a memory 210 thereof to confirm the weight of the
laundry.
[0065] Hereinafter, a process of sensing image
change based on displacement of the tub to confirm the
weight of laundry will be described with reference to FIG.
6.
[0066] First, the controller 200 commands the optical
sensor module 90 to sense and store an image of the
output end 120 of the lever 100 before laundry is put into
the drum 30. However, it is also understood that the im-
age of output end 120 of the lever 100 can be pre-stored.
[0067] Upon receiving the command from the control-
ler 200, the optical sensor module 90 irradiates light to
the output end 120 of the lever 100 through the light
source 91 (S100). The light emitted from the light source
91 is irradiated to the output end 120 of the lever 100
through the lens 92. The light irradiated to the output end
120 of the lever 100 is reflected from the output end 120
of the lever 100 and is received by the image sensor 93
through the lens 92.
[0068] The optical sensor module 90 senses an image
of the output end 120 of the lever 100 using the light
reflected from the output end 120 of the lever 100 and
received by the image sensor 93 (S101).
[0069] The controller 200 receives the image of the
output end 120 of the lever 100 from the optical sensor
module 90 to store the same in the memory 210 as a
reference image of the output end 120 of the lever 100
(S102). At this time, the image of the output end 120 of
the lever 100 may be stored in a memory of the optical
sensor module 90.
[0070] The controller 200 determines whether laundry
has been put into the drum 30 (S103). The determination
as to whether the laundry has been put into the drum 30
may be achieved based on the operation of the door, a
laundry sensor, or a user command.
[0071] Upon determining at Operation S103 that the
laundry has not been put into the drum 30, the controller
200 returns to a predetermined routine.
[0072] On the other hand, upon determining at Oper-
ation S103 that the laundry has been put into the drum
30, the controller 200 commands the optical sensor mod-
ule 90 to sense and store an image of the output end 120
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of the lever 100 again. At this time, when the laundry has
been put into the drum 30, the output end 120 of the lever
100 is moved in the direction indicated by an arrow in
FIG. 4 according to the weight of the laundry, with the
result that the image of the lever 100 sensed by the optical
sensor module 90 is changed.
[0073] According to the command from the controller
200, the optical sensor module 90 irradiates light to the
output end 120 of the lever 100 through the light source
91 (S104). At this time, the light emitted from the light
source 91 is irradiated to the output end 120 of the lever
100 through the lens 92, and the light irradiated to the
output end 120 of the lever 100 is reflected from the output
end 120 of the lever 100 and received by the image sen-
sor 93 through the lens 92.
[0074] The optical sensor module 90 senses an image
of the output end 120 of the lever 100 using the light
source 91 reflected from the output end 120 of the lever
100 and received by the image sensor 93 (S105).
[0075] The controller 200 receives the image of the
output end 120 of the lever 100 from the optical sensor
module 90 to store the same in the memory 210 as a
current image of the output end 120 of the lever 100
(S106).
[0076] The image processor 94 compares the current
image of the output end 120 of the lever 100 with the
reference image of the output end 120 of the lever 100
to sense the image change of the output end 120 of the
lever 100 (S107).
[0077] Subsequently, the controller 200 retrieves (or
detects) the weight of laundry corresponding to the image
change between the reference image and the current
image of the output end 120 of the lever 100 from the
memory 210 to confirm the weight of the laundry (S108).
[0078] As shown in FIG. 7, the image change based
on displacement of the output end 120 of the lever 100,
which is changed depending upon the weight of the laun-
dry, is confirmed by comparison between the reference
image and the current image of the output end 120 of the
lever 100.
[0079] An image of the output end 120 of the lever 100
before the laundry is put into the drum 30 is set as the
reference image on which a mask window is defined. The
mask window is a common portion between the reference
image and the current image. When comparing the mask
window with the current image, the pixels in the mask
window are compared with the total pixels of the input
frame although each pixel in the mask window may be
compared with the most adjacent pixel thereof.
[0080] In this embodiment, the mask window (for ex-
ample, a window of 4 x 4 pixels) is set from the reference
image (for example, an image of 12 x 12 pixels), and the
mask window is moved with respect to the entirety of the
current image (for example, an image of 12 x 12 pixels)
by an arbitrary pixel unit (for example, one pixel) to de-
termine a correlation coefficient.
[0081] Comparison between the mask window of the
reference image and a first region of the current image

is performed to determine a correlation coefficient, and
comparison between the mask window of the reference
image and a second region of the current image is per-
formed to determine a correlation coefficient. This proc-
ess is repeatedly performed until comparison between
the mask window of the reference image and an N region
of the current image is performed.
[0082] At the position having the largest correlation ef-
ficient, X-axis and Y-axis displacement values (image
change values) are created. X-axis and Y-axis displace-
ment values may include a range from the coordinate
values (0, 0) of the output end 120 of the lever 100 before
the laundry is put into the drum 30 to the maximum co-
ordinate values (n, n) of the output end 120 of the lever
100. The maximum displacement value n is decided
based on the entire window size of the current image and
the mask window size of the reference image.
[0083] The obtained image change value, indicating
the displacement of the output end 120 of the lever 100,
is provided to the controller 200 which uses the image
change value to confirm the weight of the laundry.
[0084] Hereinafter, another embodiment will be de-
scribed with reference to FIGS. 8 and 9. Components of
this embodiment identical to those of the previous em-
bodiment are denoted by the same reference numerals,
and a description thereof will not be given. FIG. 8 is a
partial view illustrating a drum washing machine 1-2 ac-
cording to another embodiment. FIG. 9 is a view illustrat-
ing the operation of a lever shown in FIG. 8.
[0085] As shown in FIGS. 8 and 9, the drum washing
machine 1-2 includes a housing 10 having a bottom 10a
and a side 10b to form the external appearance thereof,
a tub 20 provided in the housing 10 to contain water, a
capacitance sensor module 300 to measure displace-
ment of the tub 20 according to the weight of laundry,
and a lever 100 to amplify the displacement of the tub 20
such that the displacement of the tub 20 is sensed by the
capacitance sensor module 300.
[0086] The capacitance sensor module 300 includes
a first electrode plate 310 mounted at the side 10b of the
housing 10 and a second electrode plate 320 mounted
at an output end 120 of the lever 100 such that the second
electrode plate 320 corresponds to the first electrode
plate 310. The capacitance sensor module 300 meas-
ures change in capacitance between the first and second
electrode plates 310 and 320 to confirm displacement of
the output end 120 of the lever 100 according to the de-
scent of the tub and thus the weight of laundry in the
drum washing machine.
[0087] The capacitance between the electrode plates
310 and 320 is inversely proportional to the distance be-
tween the electrode plates 310 and 320 and is directly
proportional to the overlap area between the electrode
plates 310 and 320 as represented by Equation 1. In
Equation 1, εr indicates permittivity in vacuum and ε0
indicates dielectric constant. S indicates the overlap area
between the first and second electrode plates 310 and
320, and d indicates the distance between the first and
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second electrode plates 310 and 320. 

[0088] Therefore, the descent of the tub 20 is changed
according to the amount of laundry in the drum washing
machine, and the displacement of the tub 20 is amplified
by b/a at the output end 120 of the lever 100. The overlap
area, i.e., the effective area S, between the first and sec-
ond electrode plates 310 and 320 is changed according
to the displacement of the tub 20 and the output end 120
of the lever 100, with the result that the capacitance be-
tween the first and second electrode plates 310 and 320
is changed. Therefore, the weight of the laundry in the
drum washing machine is conformed through measure-
ment of the capacitance change.
[0089] The capacitance change may be measure us-
ing, for example, an RC circuit as shown in FIG. 9. In this
case, the capacitance change may be calculated through
the measurement of the change in voltage between the
electrode plates 310 and 320.
[0090] That is, the first electrode plate 310, the second
electrode plate 320, an input voltage (Vin) 330, and a
reference resistance (R0) 340 constitute the circuit. In
this case, a first output voltage output between the elec-
trodes 310 and 320 is measured before laundry is input
into the drum washing machine, a second output voltage
output between the electrodes 310 and 320 is measured
after the laundry is input into the drum washing machine,
and the first output voltage and the second output voltage
are compared to measure the capacitance change.
[0091] Although the capacitance change is not shown
in the drawings, the change in resonance frequency be-
tween the electrode plates 310 and 320 may be meas-
ured using a known LC circuit to calculate the capaci-
tance change.
[0092] Hereinafter, a further embodiment will be de-
scribed with reference to FIGS. 10 and 11. Components
of this embodiment identical to those of the previous em-
bodiments are denoted by the same reference numerals,
and a description thereof will not be given. FIG. 10 is a
partial view illustrating a drum washing machine 1-3 ac-
cording to a further embodiment. FIG. 11 is a view illus-
trating the operation of a lever shown in FIG. 10.
[0093] As shown in FIGS. 10 and 11, the drum washing
machine 1-3 includes a housing 10 having a bottom 10a
and a side 10b to form the external appearance thereof,
a tub 20 provided in the housing 10 to contain water, a
resistor sensor module 400 to measure displacement of
the tub 20 according to the weight of laundry, and a lever
100 to amplify the displacement of the tub 20 such that
the displacement of the tub 20 is sensed by the resistor

sensor module 400.
[0094] The resistor sensor module 400 includes a var-
iable resistor 410 mounted at the side 10b of the housing
10 and a resistance adjuster 420 mounted at an output
end 120 of the lever 100. The resistor sensor module 400
measures voltage output from the variable resistor 410
to confirm displacement of the output end 120 of the lever
100 according to the descent of the tub 20.
[0095] Therefore, the descent of the tub 20 is changed
according to the amount of laundry in the drum washing
machine, and the displacement of the tub 20 transmitted
to an input end 110 of the lever 100 is amplified by b/a
at the output end 120 of the lever 100.
[0096] The variable resistor 410, the resistance adjust-
er 420, an input voltage (Vin) 430, and a reference re-
sistance (R0) 440 constitute a circuit. In this case, the
changes in output voltage according to the displacement
of the tub 20 and the output end 120 of the lever 100 are
compared to measure the weight of laundry.
[0097] In the embodiments as described above, the
displacement of the tub based on the weight of the laun-
dry is amplified by the lever such that the displacement
of the tub is sensed by the sensor module.
[0098] As is apparent from the above description, the
displacement of the tub due to the descent of the tub
according to the weight of laundry is amplified such that
the displacement of the tub is sensed by the sensor mod-
ule, thereby achieving automatic and accurate measure-
ment of the weight of the laundry.
[0099] Although a few embodiments have been shown
and described, it would be appreciated by those skilled
in the art that changes may be made in these embodi-
ments without departing from the principles and spirit of
the embodiments, the scope of which is defined in the
claims and their equivalents.

Claims

1. A washing machine comprising:

a housing forming an external appearance
thereof;
a tub provided in the housing to contain water;
an amplification unit to amplify displacement of
the tub; and
a sensor module to sense weight of laundry us-
ing the amplified displacement of the tub.

2. The washing machine according to claim 1, wherein
the amplification unit comprises:

a lever configured to be rotated about a prede-
termined shaft in proportion to the displacement
of the tub to amplify the displacement of the tub;
and
a fixing member rotatably coupled to a prede-
termined region of the lever at one end thereof
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to form the shaft of the lever.

3. The washing machine according to claim 2, wherein
the lever comprises:

an input end provided at the tub such that the
displacement of the tub is transmitted to the in-
put end; and
an output end provided opposite to the input end
to amplify and transmit the displacement of the
tub to the sensor module.

4. The washing machine according to claim 3, wherein
the lever is formed such that a length from the input
end of the lever to the shaft of the lever is shorter
than a length from the output end of the lever to the
shaft of the lever.

5. The washing machine according to claim 3, further
comprising:

a damper provided below the tub to dampen vi-
bration, wherein
the damper comprises a cylinder mounted at a
bottom of the housing and a piston provided be-
low the tub such that the piston is advanced and
retreated in the cylinder.

6. The washing machine according to claim 5, wherein
the piston is coupled to the input end of the lever
provided below the tub such that the displacement
of the tub is transmitted to the input end of the lever.

7. The washing machine according to claim 5, wherein
the fixing member has the other end fixedly mounted
to an outer circumference of the cylinder.

8. The washing machine according to claim 3, wherein
the sensor module comprises an optical sensor mod-
ule mounted at a side of the housing, and
the output end of the lever comprises a reflection
plate corresponding to the optical sensor module.

9. The washing machine according to claim 3, wherein
the sensor module comprises a capacitance sensor
module mounted at a side of the housing and the
output end of the lever.

10. The washing machine according to claim 9, wherein
the capacitance sensor module comprises a first
electrode plate mounted at the side of the housing
and a second electrode plate mounted at the output
end of the lever such that the second electrode plate
faces the first electrode plate.

11. The washing machine according to claim 10, wherein
the capacitance sensor module constitutes an RC
circuit and/or an LC circuit using change in capaci-

tance between the first electrode plate and the sec-
ond electrode plate.

12. The washing machine according to claim 3, wherein
the sensor module comprises a resistor sensor mod-
ule mounted at a side of the housing and the output
end of the lever.

13. The washing machine according to claim 12, wherein
the resistor sensor module comprises a variable re-
sistor mounted at the side of the housing and a re-
sistance adjuster mounted at the output end of the
lever such that the resistance adjuster is connected
to the variable resistor to adjust a resistance value
of the variable resistor.

14. The washing machine according to claim 13, wherein
the resistor sensor module constitutes an RC circuit
or an RR circuit using change in output voltage of
the variable resistor.
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