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BACKGROUND 

1. Field 
This relates to a laundry machine and a control method 

thereof. 
2. Background 
Laundry machines are machines which are typically used 

to wash and/or dry fabric articles. Laundry machines may 
include a drum rotatably installed in a cabinet, with the drum 
being configured to receive laundry items therein for treat 
ment. In a top loading laundry machine, the drum may be 
oriented substantially vertically, with an opening at a top end 
thereof through which the laundry items may be received. In 
a front loading laundry machine, the drum may be oriented 
Substantially horizontally, or at a slight incline, with an 
opening at a front end thereof through which the laundry 
items may be received. Movement of the drum and friction 
between the laundry items, wash water and wash agents, and 
the interior of the drum, may facilitate contaminant removal 
from the laundry items. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The embodiments will be described in detail with refer 
ence to the following drawings in which like reference 
numerals refer to like elements wherein: 

FIG. 1 is an exploded perspective view of an exemplary 
laundry machine as embodied and broadly described herein; 

FIG. 2 is an exploded view of another exemplary laundry 
machine as embodied and broadly described herein; 

FIGS. 3A-3I, 4A-D, 5A-5F and 6 illustrate various drum 
motions and laundry movement patterns as embodied and 
broadly described herein; and 

FIGS. 7-21, 25 and 26 are flowcharts of various operation 
courses including the drum motions shown in FIGS. 3A-3I. 
4A-D, 5A-5F and 6, in accordance with embodiments as 
broadly described herein; and 

FIGS. 22-24 illustrate effects and conditions to determine 
the motions. 

DETAILED DESCRIPTION 

I. Laundry Machine 
A laundry machine and a control method thereof, as 

embodied and broadly described herein, will be described in 
reference to the accompanying drawings. FIG. 1 is an 
exploded perspective view of a laundry machine according 
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2 
to a first embodiment as broadly described herein, to which 
control methods according to various embodiments may be 
applied. 

In reference to FIG. 1, a laundry machine 100 according 
to a first embodiment includes a cabinet 110 configured to 
define an exterior appearance thereof, a tub 120 provided in 
the cabinet 110 to hold wash water therein and a rotatable 
drum 130 provided in the tub 120. The cabinet 110 defines 
the exterior appearance of the laundry machine 100. A door 
113 is provided at an opening 114 of the cabinet 110 and a 
user opens the door 113 to load laundry into the cabinet 110. 
The tub 120 is provided in the cabinet 110 to hold wash 

water therein. The drum 130 may be rotatable in the tub 120 
and may accommodate laundry therein. In this case, a 
plurality of lifters 135 may be provided in the drum 130 to 
lift and drop the laundry during washing. The drum 130 
includes a plurality of through-holes 131 to allow the wash 
water held in the tub 120 to pass therethrough. The tub 120 
may be supported by one or more springs provided at an 
outer side of the tub 120. A motor 140 is mounted to a rear 
surface of the tub 120 and the motor 140 rotates the drum 
130. When vibration is generated by the drum 130 rotated by 
the motor 140, the tub 120 is vibrated in communication 
with the drum 130. When the drum 130 is rotated, the 
vibration generated in the drum 130b and the tub 120 may 
be absorbed by a damper located under the tub 120. 
As shown in FIG. 1, the tub 120 and the drum 130 may 

be provided substantially in parallel to a base plate of the 
cabinet 110. Alternatively, rear portions of the tub 120 and 
the drum 130 may be positioned at an oblique orientation, 
with the open end of the drum 130 oriented slightly upward 
to facilitate loading laundry into the drum 130. 
A control panel 115 may be provided in a predetermined 

portion of a front of the cabinet 110. The user may select a 
course of the washing machine via the control panel 115 or 
recognize information relating to the washing machine. For 
example, a course selecting part 117 configured for the user 
to select a particular washing course may be provided in the 
control panel 115. Furthermore, an option selecting part 118 
may be provided to allow the user to adjust operational 
conditions of each cycle or step provided in the selected 
course and a display part 119 may be provided in the control 
panel 115 to display current operation information of the 
washing machine. More details of the washing machine is 
described in U.S. Pat. No. 6,460,382 B1 issued Oct. 8, 2002 
and U.S. application Ser. No. 12/704,923 filed Feb. 12, 
2010, whose entire disclosures are incorporated herein by 
reference. 

FIG. 2 is an exploded perspective view of a laundry 
machine according to another embodiment as broadly 
described herein. A laundry machine according to various 
embodiments as broadly described herein may include a tub 
fixedly Supported to a cabinet, or a tub Supported to a cabinet 
via a flexible structure Such as Suspension unit, and thus not 
fixedly secured thereto, as shown in FIG. 2. Also, the 
Supporting structure of the tub may be between the Support 
ing via the Suspension unit and the complete fixing structure. 
That is, the tub may be supported flexibly via a suspension 
unit which will be described later, it may be supported 
fixedly to be a more rigidly supported state than the above 
flexible supported state. In alternative embodiments, the 
laundry machine may be provided without a cabinet. For 
example, an installation space of a built-in type laundry 
machine may be defined by a wall structure instead of a 
cabinet. That is, in certain embodiments, a cabinet config 
ured to form an independent exterior appearance may not be 
provided. 
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In reference to FIG. 2, a tub may include a tub front 200 
and a tub rear 220 composing a rear portion of the tub front 
200. The tub front 200 and the tub rear 220 may be 
assembled by Screws or other appropriate fastening mecha 
nism, and a predetermined space is formed therein to accom 
modate a drum. The tub rear 220 includes an opening formed 
in a rear surface thereof and a rear gasket 250 may be 
connected to an inner circumference of the opening. The rear 
gasket 250 may be connected to a tub back 230 and the tub 
back 230 may include a through-hole having a shaft that 
passes through a center thereof. 
The rear gasket 250 is sealed and connected to each of the 

tub back 230 and the tub rear 220 to prevent wash water 
from leaking from the tub. As the tub back 230 vibrates 
when the drum is rotated, the tub back 230 may be distant 
from the tub rear 220 a predetermined distance not to 
interfere with the tub rear 220. Also, the rear gasket 250 may 
be formed of flexible material to enable the tub back 230 to 
relative-move, not interfering with the tub rear 220. The rear 
gasket 250 may include a corrugated part which is extend 
ible to an enough length to allow the relative motion of the 
tub back 230. This embodiment presents the rear gasket 250 
connected to the tub back 230 and the present invention is 
not limited thereto. The rear gasket 250 is configured to seal 
the gap between the tub and a driving part (not shown) 
including a shaft 351 and a bearing housing 400 and to allow 
the driving part to relative-move with respect to the tub. As 
a result, the shapes and the connected objects of the rear 
gasket 250 may be variable unlimitedly, only if this function 
is enabled. A flexible material 280 which will be described 
as front gasket later may be installed at a front portion of the 
tub front 200. 

The drum may be configured of a drum front 300, a drum 
center 320 and a drum back 340. Ball balancers 310 and 330 
may be installed in front and rear portions of the drum, 
respectively. The drum back 340 may be connected to a 
spider 350 and the spider 350 may be connected to the shaft 
351. The drum is rotatable within the tub by a rotational 
force transmitted via the shaft 351. 
The shaft 351 may be connected to a motor and pass 

through the tub back 230. In certain embodiments, the motor 
may be connected to the shaft 351 concentrically. In certain 
embodiments, the motor may be directly connected to the 
shaft 351, and in particular, a rotor of the motor may be 
directly connected to the shaft 351. In alternative embodi 
ments, the motor and the shaft 351 may be indirectly 
connected with each other, for example, they may be con 
nected by a belt. 
The bearing housing 400 may be secured to the tub back 

230 to rotatably support the shaft, between the motor and the 
tub back 230. A stator may be fixedly secured to the bearing 
housing 400. And the rotor may be located around the stator. 
As mentioned above, the rotor may be directly connected to 
the shaft 351, with the motor being an outer rotor type motor 
that may be connected with the shaft directly. The bearing 
housing 400 may be supported by a base 600 via the 
Suspension unit. The Suspension unit may include a perpen 
dicular Suspension and an oblique Suspension configured to 
support the bearing housing 400 with respect to a forward 
and backward direction. For example, the Suspension unit 
according to this embodiment may include three perpen 
dicular (vertical, as shown in FIG. 2) suspensions 500. 510 
and 520 and two oblique (angled, or inclined, as shown in 
FIG. 2) suspensions 450 and 530 configured to support the 
bearing housing 400 with respect to a forward and backward 
direction. The Suspension unit may be connected to the base 
600 with a predetermined elastic transformation enabling a 
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4 
forward/backward and/or rightward/leftward movement of 
the drum, and thus not connected fixedly. That is, the 
Suspension unit may be supported by the base, with Sufi 
cient predetermined elasticity to allow rotation at a prede 
termined angle in forward/backward and rightward/leftward 
directions with respect to the points connected with the base. 
For such the elastic Support, the perpendicular Suspension 
may be installed to the base by a rubber bushing or other 
mechanism as appropriate. 
The perpendicular Suspension of the Suspension unit may 

suspend the vibration of the drum elastically and the oblique 
Suspension may dampen the vibration. That is, the perpen 
dicular Suspension may be used as spring and the oblique 
Suspension as damping means in a vibration system includ 
ing a spring and damping means. 
The tub is supported to the cabinet and the vibration of the 

drum may be damped by the Suspension unit. As a result, the 
laundry machine according to this embodiment may have a 
Substantially independent Supporting structure between the 
tub and the drum or it may have a structure having the 
vibration of the drum not directly transmitted to the tub. 
II. Drum Rotation Motion 

Diversification of drum driving motions and combina 
tions thereof, as embodied and broadly described herein, 
may provide significant improvements in washing ability, 
noise/vibration, energy consumption, and customer satisfac 
tion. A control method that provides improved washing 
ability will be described. The hand-wash effect may be 
embodied by various movement patterns of the laundry. For 
example, the hand-wash effect may be embodied by a 
combination of massaging and/or disentangling and/or strik 
ing and/or swinging and/or rubbing and/or squeezing/filtrat 
1ng. 

Such various movement patterns of the laundry may be 
implemented by various drum driving motions and combi 
nation(s) of different drum driving motions. The drum 
driving motions may include combinations of rotation direc 
tions and rotation speeds. The laundry located in the drum 
may have different falling directions, falling points and 
falling distance because of the drum driving motions. 
Because of that, the laundry may have different movement 
inside the drum. The drum driving motions may be embod 
ied by, for example, controlling rotation direction and/or 
speed of the motor that drives the drum. 
When the drum is rotated, the laundry is lifted by one or 

more lifts 135 provided at the inner circumferential surface 
of the drum. Because of that, the rotation direction of the 
drum may be controlled and the shock applied to the laundry 
may be varied accordingly. That is, a mechanical force 
applied to the laundry Such as the friction generated between 
laundry items, the friction generated between the laundry 
and the water, and the dropping shock of the laundry may be 
varied. In other words, a degree of Striking or Scrubbing 
applied to the laundry items so as to wash the laundry may 
be varied and a degree of laundry distribution or turn-over 
inside the drum may be varied accordingly. 
As a result, Such a control method of the laundry machine 

may provide various drum driving motions and the drum 
driving motions are varied according to each of the cycles 
and a specific step composing the cycle. Such that an optimal 
mechanical force may be used to treat the laundry depending 
on the type of laundry being washed, the soil level, and other 
Such factors. Because of that, washing efficiency of the 
laundry may be improved. In addition, the excessive time 
required by the typical drum driving motion may be avoided. 

In certain embodiments, to embody Such various drum 
driving motions, the motor 140 may be a direct connection 



US 9,695,537 B2 
5 

type. That is, the motor may have a stator fixed to a rear 
surface of the tub 120 and a rotor that rotates the drum 120 
directly. Since the rotation direction and torque of the direct 
connection type motor may be controlled, time delay or 
backlash may be prevented and then the drum driving 
motion may be controlled as appropriate. 

In contrast, drum driving motions allowing time delay or 
backlash, for example, a tumbling motion or spin motion, 
may be embodied in an indirect connection type motor 
including a pulley Such that its torque may be transmitted to 
a shaft via the pulley. However, the indirect connection type 
motor may have limited applicability. 
The drum driving motion may be embodied by the control 

of the motor 140. As a result, the control method of the 
motor may be diversified and then the various drum driving 
motions may be achieved. 
Movement patterns of the laundry and the drum driving 

motion to achieve the movement pattern of the laundry will 
be described in detail hereinafter. 
A massaging movement pattern of the laundry may be 

achieved if the friction between the laundry and the drum is 
maximized. For example, when the drum is continuously 
rotated in a predetermined direction at a predetermined 
speed or less, the laundry may be rolling-moved to achieve 
the massaging effect. if the rotation speed of the drum driven 
in the tumbling motion is defined as a reference speed, the 
predetermined speed may be the reference speed. For 
example, a drum driving motion configured to rotate the 
drum at a predetermined speed or less in a predetermined 
direction may be defined as rolling motion. 
A disentangling movement pattern may be embodied by, 

for example, a tumbling motion. The tumbling motion may 
be defined as a motion configured to continuously rotate the 
drum at the reference speed in a predetermined direction. 
The disentangling movement pattern drops the laundry 
inside the drum, with a medium level dropping distance and 
a medium sized friction. 
A striking movement pattern may be achieved by drop 

ping the laundry inside the drum from a maximum dropping 
distance. For example, if the drum is rotated at the reference 
speed or more to lift the laundry to the highest point inside 
the drum, and then the drum is Suddenly braked. Such a 
striking effect may be achieved. This drum driving motion 
may be defined as step motion. 
A Swing movement pattern may be achieved when the 

drum is rotated at a predetermined speed lower than the 
reference speed in the clockwise/counter-clockwise direc 
tion. Such a drum driving motion may be defined as Swing 
motion. 
A rubbing movement pattern may be achieved when the 

friction between the laundry and the drum is increased. For 
example, if the drum rotating at the reference speed or more 
in the clockwise direction is suddenly braked and then 
rotated in the counter-clockwise direction, the laundry is 
rolling-moved along the inner circumferential Surface of the 
drum from a predetermined high point of the drum. Such a 
drum driving motion may be defined as scrub motion. 
A Squeezing and filtrating movement pattern may be 

achieved if wash water is supplied while rotating the drum 
at the reference speed or more. Once the drum is rotated at 
a relatively high speed, the laundry may unfold, or spread 
out and cling along the inner circumferential Surface of the 
drum and then the wash water sprayed into the drum passes 
through the laundry and then the laundry may be squeezed 
to improve the rinsing effect. Such a drum driving motion 
may be defined as filtration motion 
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Various drum driving motions configured to achieve the 

above various movement patterns of the laundry will be 
described in reference to the drawings. 

FIG. 3 is a diagram of various drum driving motions as 
embodied and broadly described herein. 

FIG. 3 (a) is a diagram of a rolling motion. In the rolling 
motion, the motor 140 continuously rotates the drum 130 in 
a predetermined direction and the laundry located on the 
inner circumferential Surface of the drum rotating along the 
rotation direction of the drum is dropped from the position 
at an angle of approximately less than 90° with respect to the 
rotation drum of the drum to the lowest point of the drum. 

That is, once the motor 140 rotates the drum at a speed 
that is lower than a reference rotational speed (tumbling 
rotational speed), for example, at approximately 40 RPM, 
the laundry located in the lowest point of the drum 130 is 
lifted to a predetermined height along the rotation direction 
of the drum 130 and then the laundry rolling-moves to the 
lowest point of the drum from the position of less than 90° 
with respect to the rotation direction of the drum from the 
lowest point of the drum. Visually, in case the drum is 
rotated in a clockwise direction, the laundry is continuously 
rolling in a third quadrant of the drum. 
The laundry is washed by the maximum friction with the 

washing water and the maximum friction with other washing 
items and the maximum friction with the inner circumfer 
ential surface of the drum in the rolling motion. This rolling 
motion enables enough turn-over of the laundry to generate 
an effect of soft massaging-like washing. The drum RPM of 
the drum driving motion may determined based on a rela 
tionship to a radius of the drum. That is, the larger the drum 
RPM is, the larger the centrifugal force is that is generated 
in the laundry inside the drum. A difference between the size 
of the centrifugal force and the force of gravity applied to the 
laundry items in the drum differentiates the point at which 
the laundry is dropped and the corresponding motion of the 
laundry inside the drum. Both the rotation force of the drum 
and the friction between the drum and the laundry may also 
be considered. Thus, the RPM of the drum in the rolling 
motion may be determined so as to allow the generated 
centrifugal force and the friction force to be smaller than 
gravity (1G). 

FIG. 3 (b) is a diagram of a tumbling motion. In the 
tumbling motion, the motor 140 continuously rotates the 
drum 130 in a predetermined direction and the laundry 
located on the inner circumferential surface of the drum is 
dropped from the position of approximately 90° to 110° with 
respect to the rotation direction of the drum to the lowest 
point of the drum. If the drum is controlled to be rotated at 
a proper RPM in a predetermined direction, the mechanical 
force may be generated between the laundry and the drum in 
the tumbling motion. Because of that, the tumbling motion 
may be used in washing and rinsing. 

That is, the laundry loaded into the drum 130 is located at 
the lowest point of the drum 130 before the motor 140 is 
driven. When the motor 140 provides a torque to the drum 
130, the drum 130 is rotated and the lifter 135 provided at 
the inner circumferential surface of the drum lifts the laun 
dry to a predetermined height from the lowest point of the 
drum. If the motor 140 rotates the drum 130 at the reference 
rotational speed, for example, approximately at 46 RPM, the 
laundry may be lifted to the position of approximately 90° 
to 110° with respect to the rotation direction of the drum and 
then dropped to the lowest point of the drum. In the tumbling 
motion, the drum RPM may be determined so as to allow the 
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generated centrifugal force to be larger than the centrifugal 
force generated in the rolling motion and to be smaller than 
gravity. 

Visually, if the drum is rotated in the clockwise direction 
in the tumbling motion, the laundry is sequentially lifted to 
the third quadrant and a part of a second quadrant from the 
lowest point of the drum. After that, the laundry is dropped 
to the lowest point of the drum. As a result, the tumbling 
motion enables the laundry to be washed by the shock 
generated by the friction with the washing water and the 
dropping shock. Because of that, in the tumbling motion, a 
mechanical force larger than the mechanical force of the 
rolling motion may be used to implement washing and 
rinsing. Also, the rolling motion may be effective in sepa 
rating entangled-laundry and distributing the laundry uni 
formly. 

FIG. 3 (c) is a diagram of a step motion. In the step 
motion, the motor 140 rotates the drum 130 in a predeter 
mined direction and the laundry located at the inner circum 
ferential surface of the drum is controlled to be dropped to 
the lowest point of the drum from the highest point (approxi 
mately 180°) with respect to the rotation direction of the 
drum. Once the motor 140 rotates the drum 130 at a speed 
that is higher than the reference rotational speed (tumbling 
rotational speed), for example, at approximately 60 RPM or 
more, the laundry may be rotated by the centrifugal force 
until reaching the highest point of the drum, without being 
dropped. In the step motion, the drum is rotated at a 
predetermined speed so as to not drop the laundry, and then 
is suddenly braked to maximize the shock applied to the 
laundry as it is dropped. 

After rotating the drum 130 at the predetermined speed 
capable of not dropping the laundry (approximately 60 RPM 
or more) until the laundry reaches near the highest point of 
the drum, the motor 140 supplies a reverse torque to the 
drum 130 with the laundry located near the highest point of 
the drum (180° with respect to the rotation direction of the 
drum). Thus, the laundry is lifted from the lowest point of 
the drum 130 along the rotation direction of the drum, the 
drum is stopped momentarily by the reverse torque of the 
motor, and the laundry is dropped from the highest point to 
the lowest point of the drum 130. The step motion enables 
the laundry to be washed by the shock generated while the 
laundry is dropped with the maximum height difference. A 
mechanical force generated in this step motion is larger than 
the mechanical force generated in the rolling motion or 
tumbling motion mentioned above. 

Visually, in the step motion, after moving from the lowest 
to the highest point of the drum via as the drum is rotated, 
the dropping distance inside the drum is the largest in the 
step motion, and the mechanical force of the step motion 
may be applied to a small amount of the laundry effectively. 
The motor 140 may be reversing-phase-braked in the step 
motion using a torque generated in a reverse direction with 
respect to a rotation direction of the motor. A phase of a 
current Supplied to the motor may be reversed to generate a 
reverse torque in a reverse rotation direction of the motor 
and the reversing-phase brake enables the sudden brake to 
be applied. The reversing-phase brake may be used to apply 
the strong shock to the laundry. 

Thus, after applying torque to rotate the drum in the 
clockwise direction, torque is applied to rotate the drum in 
the counter-clockwise direction and the drum is braked 
Suddenly. After that, a torque is applied to the drum to rotate 
in the clockwise direction and the step motion is embodied. 
The step motion may be used to wash the laundry using the 
friction between the water drawn via the through hole 131 
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8 
formed in the drum and the laundry and using the shock 
generated by the laundry dropping when the laundry reaches 
the highest point of the drum. This step motion may generate 
an effect of striking laundry-like washing. 

FIG. 3 (d) is a diagram of a Swing motion. In the Swing 
motion, the motor 140 rotates the drum 130 in clockwise and 
counter-clockwise directions alternatively and the laundry is 
dropped at a position of approximately less than 90° with 
respect to the rotation direction of the drum. That is, once the 
motor 140 rotates the drum 130 at a speed that is lower than 
the reference rotational speed (tumbling rotational speed), 
for example, at approximately 40 RPM in the counter 
clockwise direction, the laundry located at the lowest point 
of the drum 130 is lifted a predetermined height along the 
counter-clockwise direction. Before the laundry reaches the 
approximately 90° position with respect to the counter 
clockwise direction of the drum, the motor stops the rotation 
of the drum and the laundry is dropped to the lowest point 
of the drum from the approximately less than 90° position 
with respect to the counter-clockwise direction of the drum. 

Hence, the motor 140 rotates the drum 130 at a speed that 
is lower than the reference rotational speed (tumbling rota 
tional speed), for example, at approximately 40 RPM in the 
clockwise direction to lift the laundry a predetermined 
height in the clockwise direction along the rotation direction 
of the drum. Before the laundry reaches the position of 
approximately 90° with respect to the counter-clockwise 
direction of the drum, the motor stops the rotation of the 
drum and the laundry is dropped to the lowest point of the 
drum from the less than 90° position with respect to the 
clockwise direction of the drum. 

Thus, the swing motion is a motion in which the rotation 
and stop with respect to a first direction and the rotation and 
stop with respect to a second (opposite) direction may be 
repeated. Visually, the laundry that is lifted to a part of the 
second quadrant from the third quadrant of the drum is 
dropped softly, and is re-lifted to a part of the first quadrant 
from a fourth quadrant of the drum and dropped softly, 
repeatedly. 

In certain embodiments, the motor 140 may use rheostatic 
braking and a load applied to the motor 140 so that a 
mechanical abrasion of the motor 140 may be reduced, and 
the shock applied to the laundry may be adjusted. Using 
rheostatic braking, if a current applied to a motor is off the 
motor functions as generator because of rotational inertia, 
and a direction of the current flowing in a coil of the motor 
will be changed into a reverse direction before the power is 
off and a force (Fleming's right hand rule) is applied along 
a direction which interferes with the rotation of the motor, to 
brake the motor. Different from reversing-phase braking, 
rheostatic braking does not generate Sudden braking but 
instead changes the rotation direction of the drum Softly. As 
a result, the laundry may be moved in a figure-8 shape over 
the third and fourth quadrants of the drum in the Swing 
motion. The Swing motion may generate Swing the laun 
dry-like washing. 

FIG. 3 (e) is a diagram of a scrub motion. In the scrub 
motion, the motor 140 rotates the drum 130 in both the 
clockwise and counter-clockwise directions alternatively 
and the laundry may be dropped from the position more than 
90° with respect to the rotation direction of the drum. 

That is, once the motor 140 rotates the drum 130 at a 
speed that is higher than the reference rotational speed 
(tumbling rotational speed), for example, at approximately 
60 RPM or more in the counter-clockwise direction, the 
laundry located in the lowest point of the drum 130 is lifted 
a predetermined height in the counter-clockwise direction. 
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After the laundry passes an approximately 90° position with 
respect to the counter-clockwise direction of the drum, the 
motor provides the drum a reverse torque to stop the drum 
temporarily, and the laundry located on the inner circum 
ferential surface of the drum may be dropped rapidly, 
resulting particular, the laundry located on the inner circum 
ferential surface of the drum is dropped to the lowest point 
of the drum from the position of 90° or more with respect to 
the clockwise direction of the drum. Thus, the laundry may 
be dropped rapidly from the predetermined height, in the 
scrub motion. The motor 140 may use reversing-phase 
braking to brake the drum. 

In the scrub motion, the rotation direction of the drum is 
changed rapidly and the laundry may not be away from the 
inner circumferential Surface of the drum for a great amount 
of time. Because of that, an effect of strong-scrubbing-like 
washing by maximized friction between the laundry and the 
drum may be achieved in the scrub motion. In the scrub 
motion the laundry moved to a part of the second quadrant 
via the third quadrant is dropped rapidly and is re-dropped 
after being moved again to a part of the first quadrant via the 
fourth quadrant. As a result, visually in the Scrub motion, the 
lifted laundry is dropped along the inner circumferential 
surface of the drum repeatedly. 

FIG. 3 (f) is a diagram of the filtration motion. In the 
filtration motion, the motor 140 rotates the drum 130 so that 
the laundry is not dropped from the inner circumferential 
Surface of the drum, and washing water is sprayed into the 
drum. That is, in the filtration motion, the laundry is spread 
along and maintains close contact with the inner circumfer 
ential surface of the drum as washing water is sprayed into 
the drum. The water is discharged out of the tub through the 
through holes 131 of the drum by the centrifugal force. Since 
the filtration motion spreads out/widens a surface area of the 
laundry and enables the water to pass through the laundry, 
the wash water may be supplied to the laundry uniformly. 

FIG. 3 (g) is a diagram of the squeeze motion. In the 
squeeze motion, the motor 140 rotates the drum 130 so that 
the laundry clings to/is not dropped from the inner circum 
ferential Surface of the drum using centrifugal force, and 
then the motor lowers the rotation speed of the drum 130 to 
temporarily separate the laundry from the inner circumfer 
ential surface of the drum. This process is repeated and the 
water is sprayed into the drum during the rotation of the 
drum. That is, the drum is continuously rotated at a speed 
that is high enough not to drop the laundry from the inner 
circumferential surface of the drum in the filtration motion. 
In contrast, in the Squeeze motion, the rotation speed of the 
drum is changed to repeat the process of the laundry clinging 
to and separating from the inner circumferential Surface of 
the drum 130. 

Spraying wash water into the drum 130 in the filtration 
motion and the squeeze motion may be implemented by, for 
example, a circulation path and a pump. The pump may 
communicate with the lower surface of the tub 120, with an 
end of the circulation path connected with the pump Such 
that wash water is sprayed from the tub into the drum via the 
other end of the circulation path. 

In alternative embodiments, wash water may be sprayed 
into the drum via a Supply path connected with an external 
water supply source located outside of the cabinet. That is, 
one end of the Supply path is connected with the external 
supply source and the other end thereof is connected with the 
tub. If a nozzle is provided to spray wash water into the 
drum, the wash water may be sprayed into the drum in either 
one or both of the filtration and Squeeze motions. 
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10 
FIG. 3 (H) is a diagram illustrating an A motion. The A 

motion allows the motor to rotate the drum in a predeter 
mined direction, changing the RPM of the drum to change 
motion of the laundry inside the drum. In other words, when 
the motor rotates the drum, the motor may change the RPM 
of the drum in at least two steps. 

For example, the motor may first rotate the drum at a first 
RPM in a predetermined direction, as shown in FIG. 3 (h1), 
and then the motor may rotate the drum at a second RPM 
that is faster than the first RPM, as shown in FIG.3 (h2), and 
then the motor may rotate the drum at a third RPM that is 
faster than the second RPM, as shown in FIG. 3 (h3). The 
RPM for each step may be determined as appropriate and 
each of the steps may be performed for a preset time period. 

That is, the first RPM may be determined to allow the 
laundry inside the drum to be dropped at an angle Smaller 
than 90° along the rotation direction of the drum, when the 
drum is rotated. Because of that, when the drum is rotated at 
the first RPM, the laundry inside the drum may be mostly 
moved within a lower portion of the drum, without moving 
toward an upper portion of the drum. In particular, the first 
RPM allows the laundry to be lifted to an angle less than 90° 
along the rotation direction of the drum and to be dropped 
and rolled along an inner circumferential Surface of the drum 
so as to move to the lowest point of the drum. Visually, it 
may appear that laundry items are rolling consistently in a 
third quadrant of the drum when the drum is rotated in a 
clockwise direction, as shown in FIG. 3 (h1), and that the 
laundry items would roll consistently in a fourth quadrant of 
the drum when the drum is rotated in a counter-clockwise 
direction. As a result, once the drum is rotated at the first 
RPM, the frictional force of the laundry inside the drum (the 
frictional force between the laundry and the drum, between 
the laundry items themselves, and between the laundry and 
the wash water) may be maximized. The first RPM may be, 
for example approximately 40 rpm. 
The second RPM may be faster than the first RPM to 

allow the laundry inside the drum to be dropped after being 
lifted to an upper portion of the drum. When the drum is 
rotated at the first RPM, the laundry inside the drum is not 
lifted to the upper portion of the drum, but rather, is dropped 
before it reaches the upper portion of the drum. In contrast, 
once the drum is rotated at the second RPM, the laundry may 
be lifted to the upper portion of the drum possibly, thus 
increasing the laundry dropping height and the amount of 
shock and mechanical force applied to the laundry compared 
to rotating the drum at the first RPM. For example, when the 
drum is rotated at the second RPM, the laundry inside the 
drum may be dropped at an angle of approximately 90° to 
110° along the rotation direction of the drum, as shown in 
FIG. 3 (h2). The second RPM may be, for example, approxi 
mately 46 rpm. 
The third RPM may be faster than both the first and the 

second RPM. For example, when the drum is rotated at the 
third RPM, the laundry inside the drum may remain adhered 
to, and not separated from, the inner circumferential Surface 
of the drum, as the centrifugal force generated in the drum 
rotating at the third RPM is larger than the force of gravity 
on the laundry. The third RPM may be adjusted based on the 
amount of laundry and the capacity of the drum, for 
example, to between approximately 100 and 110 rpm. When 
wash water is supplied to the drum rotated at the third RPM, 
more efficient washing and rinsing may be possible. In this 
case, the wash water may be re-supplied by circulating wash 
water inside the drum. In other words, once the laundry is 
spread along the inner circumferential Surface of the drum 
after rotating the drum at the third RPM, wash water is 



US 9,695,537 B2 
11 

Supplied. As wash water passes through the laundry and is 
discharged from the drum, washing and rinsing performance 
may be enhanced accordingly. 
The A motion utilizes a gradually and continuously 

increasing profile of the RPM of the drum, while rotating the 
drum in the predetermined direction. That is, the RPM of the 
drum may be increased gradually, by first moving the 
laundry in the lower portion of the drum and dropping the 
laundry from the lower portion of the drum, and then the 
upper portion of the drum. The A motion may be performed 
when the laundry amount inside the drum is a predetermined 
value or more. for example, when the laundry amount inside 
the drum is a predetermined value or more, more load than 
necessary may be applied to the motor to rotate the drum at 
a high RPM from the beginning and this may put bad 
influence to the motor. because of that, if the drum is rotated 
in a motion Such as the A motion configured to drive the 
drum with increasing the speed profile gradually as 
described above when the laundry amount is the predeter 
mined value or more, the too much load applied to the motor 
may be prevented and the drum may be rotated at a high 
RPM in a relatively short time. 
By extension, the A motion may be performed repeatedly 

at least two times or more. for example, the drum speed is 
accelerated from a first RPM to third RPM according to the 
A motion. after that, the RPM of the drum is decreased to be 
the first RPM and then the accelerating step may be re 
performed. Such the repeated performance changes the 
speed of the drum continuously and the motion of the 
laundry and wash water inside the drum may be generated, 
similar to turbulence. As a result, the washing or rinsing 
ability in the washing or rinsing step may be improved. 

Each step of the A motion may be performed for an 
appropriate preset time period, which may be adjustable 
based on the amount and the type of laundry. In certain 
embodiments, the A motion may further include a step of 
decreasing the RPM profile of the drum following the steps 
described above. For example, the A motion may control the 
RPM to be changed from the step of moving the laundry to 
the inner circumferential surface of the drum and then the 
step of dropping the laundry to the step of moving the 
moving the laundry in the lower portion of the drum, when 
the drum is rotated. 

The A motion described above may be explained by 
combination of the motions described above. That is, the 
step of rotating the drum at the first RPM may be the rolling 
motion, the step of rotating the drum at the second RPM may 
be the tumbling motion, and the step of rotating the drum at 
the third RPM may be the filtration motion. Further detailed 
description of the rolling, tumbling and filtration motions 
mentioned above will thus be omitted. 

FIG. 3 (I) is a diagram illustrating a B motion. The B 
motion includes a step of the motor rotating the drum in 
clockwise/counter-clockwise direction and a step of rotating 
the drum in a predetermined direction. In the step of rotating 
the drum in the clockwise/counter-clockwise direction, an 
RPM of the drum may be changed and/or a turning angle of 
the drum (an angle at which the drum changes a rotation 
direction) may be increased to vary the motion of the 
laundry inside the drum. 

For example, the B motion may include a first step of the 
motor rotating the drum at a first RPM in both opposite 
directions as shown in FIG. 3 (11), a step of the motor 
rotating the drum at a second RPM that is faster than the first 
RPM in both directions, as shown in FIG. 3 (12), and a step 
of the motor rotating the drum at the second RPM in a single 
direction, as shown in FIG. 3 (13). As a result, the B motion 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
may include a step of rotating the drum at the first RPM in 
the clockwise/counter-clockwise direction, a step of rotating 
the drum at the second RPM in the clockwise/counter 
clockwise direction, and a step of rotating the drum in a 
predetermined single direction. Also, as the second RPM is 
higher than the first RPM, the motion of the first RPM may 
be defined as a weak motion and the motion of the second 
RPM may be defined as a strong motion. As a result, the 
B motion may include a weak motion step configured to 
rotate the drum in the clockwise/counter-clockwise direction 
and a step of repeating the strong motion at least two times. 
The strong motion may include at least one of the prede 
termined single and clockwise/counter-clockwise directions. 
More specifically, the first step may include a step of 

rotating the drum at the first RPM in a predetermined 
direction until the drum reaches a first rotation angle, a step 
of rotating the drum in a direction opposite to the predeter 
mined direction until the drum reaches a second rotation 
angle, and repeating these steps for a predetermined time. 

In certain embodiments, the first rotation angle may be set 
to be approximately less than 90°. That is, the motor rotates 
the drum in the predetermined direction to an angle less than 
90°, and the rotation of the drum is stopped. Thus, the first 
RPM may be determined to allow the laundry inside the 
drum to be dropped at an angle less than 90° along a rotation 
direction of the drum so that, when the drum is rotated at the 
first RPM, the laundry is moved in the lower portion of the 
drum. For example, the first RPM may be approximately 40 
rpm. 
Once the drum reaches the first rotation angle, for 

example, a preset angle less than 90°, the motor changes the 
rotation direction of the drum and rotates the drum at the first 
RPM in the opposite direction until the drum reaches the 
second rotation angle. 
The second rotation angle may be determined to allow the 

laundry inside the drum to move in the lower portion of the 
drum. Thus, the second rotation angle may be determined to 
be approximately less than 90° so that, when rotated in the 
opposite direction until reaching the second rotation angle, 
that is, an angle approximately less than 90°, laundry items 
dropped to the lowest point of the drum are moved within 
the lower portion of the drum. 
The motor performs the above steps repeatedly within a 

given cycle. As a result, the first step rotates the drum at a 
relatively low speed in two opposite directions to generate 
gentle movement of the laundry. 

Following the first step, the motor may accelerate the 
drum speed to perform the second step. The second step may 
include a step of rotating the drum at a second RPM until the 
drum reaches a third rotation angle, a step of rotating the 
drum in the opposite direction until the drum reaches a 
fourth rotation angle, and a step of repeating these steps. The 
rotation angle and RPM of the drum when the drum is 
rotated may be different between the first and second steps 
of the B motion. 
The second RPM of the second step may be determined 

to allow the laundry items inside the drum to be dropped at 
an angle of approximately 90° to 180° along the rotation 
direction when the drum is rotated. When the drum is rotated 
at the second RPM, the laundry items inside the drum may 
be dropped from the upper portion of the drum. For example, 
the second RPM may be approximately 60 rpm. As a result, 
the second RPM may be higher than the rotation speed of the 
tumbling motion described above. The third and fourth 
rotation angles may be 90° or more. As a result, the motor 
rotates the drum at the second RPM, that is, approximately 
60 rpm, until the drum reaches the third rotation angle, that 
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is, the preset 90° or more, and then rotates the drum at the 
second RPM in a changed rotation direction (the opposite 
direction) until the drum reaches a fourth rotation angle. The 
fourth rotation angle may be 90° or more, like the third 
rotation angle, to drop the laundry inside the drum at an 
angle of 90° to 180° along the rotation direction of the drum 
as mentioned above. 
When the rotation direction of the drum is changed in the 

second step, the motor may apply a torque in an opposite 
direction of the drum, that is, a reverse torque, correspond 
ing to the reverse-phased braking described above. As a 
result, when the rotation direction of the drum is changed in 
the second step, reverse-phased braking is performed and 
more mechanical force may be applied in the second step 
than in the first step. Since the laundry is dropped from a 
higher position by the faster RPM in the second step than in 
the first step, greater shock and mechanical force may be 
applied to the laundry. 
The third step may include a step shown in FIG. 3 (13) of 

rotating the drum at the second RPM until the drum reaches 
a fifth rotation angle, a step of stopping the drum for a preset 
time period, and a step of repeating these steps. In other 
words, in the third step, the motor may rotate the drum in the 
predetermined direction, while the motor rotates the drum in 
two opposite directions in the first and second steps. 
More specifically, the motor may rotate the drum at the 

second RPM until the drum reaches the fifth rotation angle. 
As a result, laundry inside the drum may be rotated, and may 
be adhered to, without being separated from, the inner 
circumferential surface of the drum until reaching the fifth 
rotation angle. The fifth rotation angle may be determined to 
be approximately 180° so that, as the motor rotates the drum 
at approximately 60 rpm until the drum is rotated approxi 
mately 180°, the laundry items may be rotated and lifted 
toward the top portion of the drum along the rotation of the 
drum, without being separated from the inner circumferen 
tial surface of the drum. 

After that, the motor stops the drum for a predetermined 
time period. In certain embodiments, the motor stops the 
drum using reverse-phased braking to apply a strong 
mechanical force to the laundry inside the drum, and the 
laundry items may be dropped from the top portion of the 
drum to maximize the dropping force. 

These steps may be repeated, in that, the motor may rotate 
the drum in the predetermined direction continuously and 
when the drum reaches the fifth rotation angle, the motor 
may stop the drum for a predetermined time period before 
resuming rotation. 

In certain embodiments, a step of rotating the drum in the 
predetermined direction without the sudden braking step 
may also be provided between the second step and the third 
step, that is, between the clockwise/counter-clockwise direc 
tion rotation step and the predetermined direction rotation 
step. For example, the tumbling step may be provided 
between the second and third steps. 

The order of the second and third steps described in 
reference to the B motion may be changed. Specifically, the 
predetermined direction rotation step including the Sudden 
braking step may be performed first and the clockwise/ 
counter-clockwise direction rotation step including the Sud 
den braking step may be performed later. 
The B motion described above may be explained by 

combination of other motions described above. That is, the 
step of rotating the drum at the first RPM in two opposite 
directions may be the Swing motion, and the step of rotating 
the drum at the second RPM in two opposite directions may 
be the scrub motion. The step of rotating the drum at the 
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second RPM in the predetermined single direction may be 
the step motion. As a result, further detailed description is 
omitted. 

FIG. 4 is a diagram of the step motion in more detail. 
First of all, the laundry is moved from a lowest point to 

a highest point of the drum 130 as shown in FIG. 4 (a)-(c). 
As described with respect to the tub 120 standing still 
adjacent to the drum 130, the laundry received in the drum 
130 is moved from a position adjacent to the lowest point of 
the tub 120 to the highest point of the tub 120. For such the 
movement of the laundry, the motor 140 applies a rotation 
force, namely, a torque to the drum in a predetermined 
direction, which is a clockwise direction as shown in the 
drawings, and the drum 130 is rotated along the predeter 
mined direction together with the laundry, to lift the laundry. 
The laundry may be rotated together with the drum, in 

close contact with an inner surface of the drum 130 by a 
friction force with lifters and the inner circumferential 
surface of the drum 130. The laundry is lifted to the highest 
point of the drum 130, without being separated from the 
drum 130 by rotating the drum 130 at approximately 60 
RPM or more, as this rotation speed generates a predeter 
mined centrifugal force sufficient to prevent the laundry 
from separating from the drum 130 up to the highest point 
of the drum 130. 
The rotation speed of the drum may be changed so that the 

centrifugal force generated is larger than gravity, allowing 
the laundry to be rotated together with the drum from the 
lowest point of the drum 130, which is a predetermined point 
of the inner surface of the drum adjacent to the lowest point 
of the tub 120 to the highest point of the tub 120. The 
laundry is dropped from the highest point of the drum 130 
to the lowest point of the drum 130 when the drum 130 is 
suddenly braked, either at or just before the laundry reaches 
the highest point of the drum 130. 

Specifically, to brake the drum 130 suddenly, the motor 
140 provides the drum 130 with a reverse-torque. The 
reverse-torque is generated by reversing-phase braking con 
figured to Supply reversing-phase currents to the motor 140, 
as described in reference to FIG. 3 (c). The reversing-phase 
braking is a type of motor braking using a torque generated 
in a reverse direction with respect to a rotation direction of 
the motor. A phase of a current Supplied to the motor may be 
reversed to generate a reverse torque in a reverse rotation 
direction of the motor and the reversing-phase braking 
enables the sudden brake to be applied to the motor. For 
example, as shown in the drawing, a current is applied to the 
motor to rotate the drum in the clockwise direction and then 
a current is applied to the motor to rotate the drum in the 
counter-clockwise direction Suddenly. 
The timing point of the reversing-phase-braking with 

respect to the motor 140 may be closely related to the 
location of the laundry inside the drum 130. Because of that, 
a device used to determine or predict the location of the 
laundry may be provided and a sensing device Such as, for 
example, a hall effect sensor configured to determine a 
rotation angle of a rotor, may be examples of Such a device. 
The control part may determine the rotation angle of the 
drum by using the sensing device and control the motor 140 
to reversing-phase-brake when or just before the drum has a 
rotation angle of 180°. As a result, the drum rotated in the 
clockwise direction is stopped quickly in response to the 
counter-clockwise direction torque. The centrifugal force 
applied to the laundry is removed and then the laundry is 
dropped to the lowest point. 

Hence, as shown in FIG. 4 (d), the drum 130 is continu 
ously rotated in the clockwise direction and the rotation/ 
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dropping of the laundry is repeated. Although FIG. 4 shows 
that the drum is rotated in the clockwise direction, the drum 
may be rotated in the counter-clockwise direction to imple 
ment the step motion. The step motion generates a relatively 
large load on the motor 140 and a net acting ratio of the step 
motion may be reduced. 
The net acting ratio is a ratio of a motor driving time to 

a total value of the driving time and the stopping time of the 
motor 140. If the net acting ratio is 1, it means that the 
motor is driven without a stopping time. The step motion 
may be implemented at approximately 70% of the net acting 
ratio, considering the load of the motor. For example, the 
motor may be stopped for 3 seconds after driving for 10 
seconds. Other ratios and driving/stopping times may also 
be appropriate. 

Before the falling laundry reaches the lowest point of the 
drum, that is, while the laundry is dropped, the drum 130 
starts its rotation to implement the next step motion. In this 
case, the drum 130 is rotated to a predetermined angle and 
after that the laundry reaches the lowest point of the drum 
130. From this point, the laundry and the drum may be 
rotated together. Although the drum is rotated to 180° as it 
is set, the laundry cannot be rotated to 180°, that is, the 
highest point of the drum 130 and it cannot be dropped from 
the highest point to gain the desired washing ability. 

Because of that, the drum 130 is controlled to be re 
rotated as shown in FIG. 4 (d) after the laundry reaches the 
lowest point of the drum. That is, the drum remains at a stand 
still until the laundry reaches the lowest point of the drum. 
More specifically, at the moment when the laundry actually 
starts to be dropped, the stopping of the drum 130 is 
generated. From the dropped point in time until the point at 
which the laundry reaches the lowest point of the drum, the 
drum remains stopped and does not rotate. The stopped time 
may be larger than the time taken for the laundry to be 
dropped to the lowest point (point 1) from the highest point 
of the drum. As a result, the drum may remain stopped for, 
for example, 0.4 second, or in certain embodiments, 0.6 
second, to ensure enough time in the stopping state. This 
allows the step motion to be implemented more precisely to 
generate the maximum shock and the desired washing 
ability may be achieved accordingly. 

FIG. 5 is a diagram of the scrub motion in more detail. 
First, the laundry is moved from the lowest point of the 

drum 130 to a position reached after 90° or more rotation in 
the clockwise direction of the drum 130, as shown in FIGS. 
5 (a)-(c). As described with respect to the tub 120 standing 
still adjacent to the drum 130, the laundry inside the drum 
130 is moved from the predetermined point of the inner 
drum surface adjacent to the lowest point of the tub 120 to 
the point of the inner drum surface rotated to 90° or more 
along the clockwise direction of the drum 120. To generate 
Such movement of the laundry, the motor applies a rotation 
force, that is, a torque to the drum 130 in a predetermined 
direction, (clockwise direction) and then the drum 130 is 
rotated together with the laundry to lift the laundry. 
The laundry is rotated together with the drum, in close 

contact with the inner circumferential surface of the drum 
130 by the lifter and the friction with the inner circumfer 
ential Surface of the drum, and is not separated from the 
drum 130. For that, the drum is rotated at approximately 60 
RPM or higher to generate enough centrifugal force so that 
the laundry is not separated from the drum 130. The rotation 
speed of the drum may be set to generate a centrifugal force 
larger than gravity taking the size of the drum, Such as an 
inner diameter, into consideration. As a result, the laundry is 
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rotated together with the drum from the lowest point of the 
drum to the position of 90° or more rotation with respect to 
the lowest point of the drum. 
The laundry is then dropped from the position of 90° or 

more rotation to the lowest point. For this dropping of the 
laundry, the drum 130 is suddenly braked when the laundry 
reaches the position of 90° or more drum rotation. The motor 
140 provides the drum 130 with a reverse-torque to apply the 
sudden brake to the drum. As mentioned above in reference 
to FIG. 3 (e), the reverse-torque is a reverse-torque gener 
ated by reversing-phase braking configured to Supply revers 
ing-phase currents to the motor 140. 
The control part may determine a rotation angle of the 

drum by using a sensing device as described above. Once the 
rotation angle of the drum is 90° or more, the control part 
may control the motor 140 to be reversing-phase-braked. As 
a result, the drum 130 rotating in the clockwise direction is 
provided with torque in the counter-clockwise direction to 
momentarily stop rotation and remove the centrifugal force 
applied to the laundry. As shown in FIG. 5 (c), the laundry 
may not be dropped perpendicularly by the torque of the 
counter-clockwise direction but dropped to the lowest point 
of the drum obliquely toward the inner circumferential 
Surface of the drum. Because of the inclined dropping, the 
laundry may have a relatively large amount of friction with 
the inner surface of the drum in the middle of the dropping 
and the simultaneous friction between the laundry items and 
between the laundry and the wash water may be relatively 
large. 

Hence, as shown in FIG. 5 (d), the drum 130 is rotated in 
the counter-clockwise direction continuously and the rota 
tion/dropping of the laundry mentioned above may be 
repeated. FIG. 5 shows that drum is rotated in the clockwise 
direction earlier but the rotation of the counter-clockwise 
direction may be implemented earlier. The scrub motion 
generates a relatively large load applied to the motor 140, 
like the step motion, and the net acting ratio of the scrub 
motion may be reduced, for example, stopping of 3 seconds 
after the scrub motion may be repeated and the net acting 
ratio of the scrub motion may be controlled to be 70%. Other 
arrangements may also be appropriate. 

Before the falling laundry reaches the lowest point of the 
drum, that is, while the laundry is dropped, the drum 130 
starts its reverse direction rotation to implement the next 
step motion. In this case, the drum 130 is rotated to a 
predetermined angle and after that the laundry reaches the 
lowest point of the drum 130. From this point, the laundry 
and the drum may be rotated together. Although the drum is 
rotated to 90° as it is set, the laundry cannot be rotated to 
90°, that is, the highest point of the drum 130 and it cannot 
be dropped from the highest point to gain the desired 
washing ability. 

Because of that, the drum 130 is re-rotated as shown in 
FIG. 5 (d) after the laundry reaches the lowest point of the 
drum. That is, the drum is controlled to keep standing still 
until the laundry reaches the lowest point of the drum. More 
specifically, at the moment when the laundry actually starts 
to be dropped, the stopping of the drum 130 is generated. 
From point in time at which the laundry is dropped until the 
laundry reaches the lowest point of the drum, the drum 
remains in the stopped state and does not rotate. The time 
period of the drum stopping state may be larger than the time 
taken for the laundry to be dropped to the lowest point of the 
drum. As a result, the stopping State kept by the drum may 
be set to, for example, 0.2 second, which is smaller than the 
stopping state of the drum in the step motion. 
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As such the stopping State kept by the drum is set, the step 
motion may be implemented more precisely so as to gen 
erate the maximum friction between the drum inner surface 
and the laundry, maximum friction between laundry items, 
and maximum friction between the laundry and the wash 
water and the desired washing ability may be achieved 
accordingly. 

FIG. 6 is a graph comparing washing ability and vibration 
level of each motion shown in FIG. 3. A horizontal axis 
presents the washing ability, with easier separation of con 
taminants contained in the laundry moving to the left. A 
vertical axis presents the vibration or noise level, with higher 
levels moving upward, with the washing time for the same 
laundry being reduced. 
The step motion and the scrub motion are proper to 

washing courses implemented to reduce the washing time 
when the laundry has severe contaminant. The step motion 
and the scrub motion have a high vibration/noise level and 
are typically not used to wash sensitive fabric and/or to 
minimize noise and vibration. 
The rolling motion has a good washing ability and a low 

vibration level, with minimized laundry damage and low 
motor load. As a result, the rolling motion may be used in all 
of the washing courses, especially, to aid detergent dissolu 
tion in an initial washing stage and to wet the laundry. 

The tumbling motion has a lower washing ability than the 
scrub motion and a middle vibration level in comparison to 
the scrub motion and the rolling motion. The rolling motion 
has a lower vibration level but it has a longer washing time 
than the tumbling motion. Because of that, the tumbling 
motion may be applicable to all of the washing courses and 
may be effective in a washing course to distribute the 
laundry uniformly. 
The squeeze motion has a similar washing ability to the 

tumbling motion and a higher vibration level than the 
tumbling motion. The Squeeze motion repeats the process of 
drawing the laundry toward and separating the laundry from 
the inner circumferential surface of the drum. In this pro 
cess, the wash water is discharged outside of the drum after 
passing through the laundry. Thus, the Squeeze motion may 
be applied to rinsing. 

The filtration motion has a lower washing ability than the 
Squeeze motion and a similar noise level to the rolling 
motion. In the filtration motion, the water passes through the 
laundry and is discharged out of the drum, with the laundry 
in close contact with the inner circumferential surface of the 
drum. As a result, the filtration motion may be applied to a 
course for wetting of the laundry. 
The Swing motion has the lowest vibration level and 

washing ability and may be applied in a low noise and low 
vibration washing course and a course for washing sensitive 
or delicate articles. 
As mentioned above, each drum driving motion has its 

own advantages and it is preferable that those various drum 
driving motions are used to maximize the advantages. Each 
drum driving motion may also have advantages and disad 
vantages in relation to the laundry amount. Even in case of 
the same course and cycle, the various drum driving motions 
may be applied differently depending on the relation with the 
laundry amount. 
An interior of the drum in the drum type washing machine 

may be visible from the exterior via the door. The various 
drum driving motions may be implemented in a washing 
course which will be described later. As a result, the user 
may view the various drum driving motions implemented in 
the interior of the drum. That is, a soft striking type of 
washing (tumbling motion), a strong striking type of wash 
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ing (step motion), Soft scrubbing type of washing (rolling 
motion) and a strong scrubbing type of washing (scrub 
motion) may be visibly identified. Because of that, the user 
may sense that washing is implemented well, which may 
generate improved user satisfaction in addition to the Sub 
stantially improved washing efficiency. 
III. Courses of a Laundry Machine 

Various control methods, that is, various courses of a 
washing machine as embodied and broadly described herein, 
will now be discussed. 

A. Course A (Standard Course) 
Course A will be described in reference to FIG. 7A. 

Course A is a standard course which may be used to wash 
normal laundry without any auxiliary option. Course A 
includes a washing cycle, a rinsing cycle and a spinning 
cycle. The user may select the standard course from a course 
selecting part 117 (S710). 

A. 1 Washing Cycle (S730): 
The washing cycle includes a water supplying step (S733) 

that supplies wash water and detergent to a tub 120 or a drum 
130 to dissolve the detergent in the wash water, and a 
washing step (S742) configured to drive the drum to wash 
the laundry. In the water Supplying step, water is Supplied 
from an external water Supply source to the washing 
machine, together with the detergent. By improving effi 
ciency of the water Supplying step in preparation for the 
washing step, efficiency of the washing cycle including 
washing efficiency and washing time reduction may also be 
achieved. 

A.1.1 Determining Laundry Amount (S731): 
As mentioned above, the water Supplying step is done in 

preparation for the main-washing step. As a result, detergent 
dissolution, laundry wetting and the like may be imple 
mented quickly and completely. However, considering the 
capacity of the drum and the amount of the wash water 
Supplied to the drum, a drum driving motion may be 
controlled according to the amount of the laundry in the 
drum in the water Supplying step. That is, a drum driving 
motion capable of performing the detergent dissolution and 
the laundry wetting more efficiently may be selected based 
on the amount of laundry in the drum. 
A laundry amount determining step configured to deter 

mine the amount of the laundry accommodated in the drum 
may be implemented before the water Supplying step. Based 
on the determined amount of laundry, the drum driving 
motion may be differentiated in the water Supplying step. 
A laundry amount may be determined by measuring 

electric currents used to drive the drum. For example, the 
currents used to implement a tumble motion may be mea 
Sured. To implement the tumble motion, a control part 
controls the drum to be rotated at a predetermined RPM, for 
example, 46 RPM. A current value required to drive the 
drum at that RPM may be different, depending on the 
amount of laundry in the drum. Thus, the amount of laundry 
may be determined based on an amount of current required 
to drive a particular drum at a particular RPM in a particular 
motion. 

If the laundry amount is relatively large, sufficient wash 
water may be Supplied to the laundry at an initial stage of the 
water Supplying step and washing efficiency of the washing 
may be further improved. The drum driving motion may be 
differentiated according to the laundry amount in the water 
Supplying step and the parameters of the water Supplying 
step may be determined appropriately. 
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A.1.2 Water Supplying (S733): 
A.1.2.1 Detergent Type Determining (S734): 
In the initial stage of the water Supplying step, a detergent 

type determining step may be implemented to determine 
whether the detergent Supplied during the initial stage of the 
water Supplying step is a liquid type or powder type. This 
step is implemented to determine a drum driving motion or 
the number of rinsings in the rinsing cycle which will be 
implemented after the washing cycle. Information relating to 
the washing cycle and the rinsing cycle may be available to 
the user via a display part 119 in an initial operation of the 
washing machine. Because of that, the detergent type deter 
mining step may be implemented in the initial stage of the 
water Supplying step, specifically, before a detergent disso 
lution promoting step. 

A.1.2.2 Detergent Dissolution Promoting (S735): 
As the wash water and the detergent are Supplied in the 

water Supplying step, the detergent dissolving step may be 
implemented. To improve the efficiency of the washing 
cycle, the detergent may be more completely and effectively 
dissolved in the initial stage of the water Supplying step. As 
a result, the detergent dissolution promoting step may be 
implemented in the water Supplying step to promote deter 
gent dissolution. 
A motion, namely, drum driving motion to move the 

laundry inside the drum to promote the detergent dissolution 
may be a motion configured to Supply a strong mechanical 
force to the wash water and the laundry. For example, a step 
motion configured to repeatedly lift the laundry along the 
rotating drum and to drop the laundry from an inner cir 
cumferential Surface of the drum according to a brake 
applied to the drum may be implemented in the detergent 
dissolution promoting step. Alternatively, a scrub motion 
configured to lift the laundry along the rotating drum and 
drop the laundry according to the brake and reverse-rotation 
of the drum to re-lift the laundry may be implemented 
instead of the step motion. The step motion and the scrub 
motion are motions configured to apply a Sudden brake to 
the rotating drum to Suddenly change the movement direc 
tion of the laundry and apply a strong shock to the laundry. 
In addition, the step motion and the scrub motion are 
configured to also apply the strong shock to the wash water. 
As a result, strong mechanical force is provided in the initial 
stage of the water Supplying step to promote detergent 
dissolution and to improve the efficiency of the washing 
cycle accordingly. 

In alternative embodiments, the detergent dissolution pro 
moting step may be implemented by repeating the sequential 
combination of the step motion and the Scrub motion. In this 
case, two types of drum driving motions are combined 
repeatedly and patterns of the wash water flow may be more 
diversified to improve the efficiency of the washing cycle. 

In a typical water Supplying step, the drum would be 
driven in the tumbling motion that continuously rotates the 
drum in a predetermined direction at a predetermined speed 
to lift and drop the laundry. However, it is found that the 
time taken to dissolve detergent in wash water in the 
tumbling motion may be greater than in either the step or 
scrub motions, or a combination thereof. For example, the 
time to dissolve detergent in the tumbling motion in an 
exemplary washer may be approximately 15 minutes, 
whereas the time taken to dissolve the detergent in the wash 
water in the step motion or scrub motion using the same 
washer may be 9 to 10 minutes. Thus, the step motion or 
scrub motion may dissolve the detergent in the wash water 
more quickly, and the corresponding time of the specific 
washing course to be reduced. 
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In the step and scrub motions, the laundry is dropped and 

the dropping shock is applied to the laundry, while the 
rotation and stopping of the drum may generate a strong 
vortex in the wash water. 

Additionally, a circulating step configured to circulate the 
wash water held in the tub and to re-supply the wash water 
to the drum may be implemented in the detergent dissolution 
promoting step. In the circulating step, the wash water held 
below the drum is supplied to the inside of the drum, further 
promoting detergent dissolution and laundry wetting. 

In certain embodiments, the detergent dissolution promot 
ing step may be implemented for, for example, approxi 
mately 2 minutes, or other amount of time as appropriate, 
until the water Supplying is completed. The water Supplying 
may be completed in the detergent dissolution promoting 
step or water may be additionally Supplied because a water 
level may be decreased in a following laundry wetting step. 
The detergent dissolution promoting step may be imple 
mented for a relatively short time so as to not significantly 
impact laundry fabric damage. As a result, a drum driving 
motion in the detergent dissolution promoting step of each 
above course may be the scrub motion, depending on an 
amount of laundry in the drum. 

That is, the detergent dissolution promoting step may be 
implemented if the determined laundry amount is a prede 
termined level or lower, as the drum driving motions con 
figured to Supply the strong mechanical force may be more 
effective with small amounts of laundry and because the 
Small amounts of laundry may maintain Sufficient contact 
with the wash water. Specifically, the small amount of 
laundry indicates that a surface area of the laundry which has 
to contact with the wash water is small and that the detergent 
dissolution and laundry wetting may be implemented by the 
mechanical force applied to turn over the laundry in a 
relatively short time. As a result, the step motion or the scrub 
motion enables the efficiency of the washing to be improved 
and the time of the washing time to be reduced accordingly. 

In contrast, if the laundry amount determined in the 
laundry amount determining step is a predetermined level or 
higher, the detergent dissolution promoting step may be 
skipped. That is, if the amount of the laundry is relatively 
large, the mechanical force is not enough for the laundry to 
make sufficient contact with the wash water because wash 
water cannot be supplied to/absorbed by entangled laundry 
in a Sufficient amount. 
As a result, if the laundry amount is a predetermined level 

or higher, the detergent dissolution promoting step is omit 
ted and the laundry wetting step starts immediately. If the 
laundry amount is the predetermined level or higher, the 
laundry may make better contact with the wash water to 
promote the detergent dissolution using the circulating step 
in the water Supplying step. 

A.1.2.3 Laundry Wetting (S736): 
A step of sufficiently wetting the laundry with the wash 

water may be implemented in the water Supplying step, 
together with the detergent dissolution. In the case of a drum 
type washing machine, the laundry is not necessarily fully 
Submerged into the wash water, and thus laundry wetting 
may be implemented quickly in an initial stage of the 
washing cycle. After the detergent dissolution promoting 
step, a laundry-wetting promoting step may be implemented 
to promote laundry wetting. This step may be implemented 
after the water Supplying step is implemented to a prede 
termined degree or until the water Supplying step is com 
pleted to ensure that the laundry is sufficiently saturated. 
Alternatively, the detergent dissolution promoting step may 
be implemented after the water Supplying is completed. The 
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water level is decreased in the laundry wetting step and 
additional water Supply may be implemented. 
The laundry wetting step may be partially implemented in 

the detergent dissolution promoting step mentioned above 
and a water level may be increased enough to allow wash 
water to be collected inside the drum. Because of that, the 
step of promoting the laundry wetting may be implemented 
after the detergent dissolution promoting step. A drum 
driving motion of the laundry wetting promoting step may 
be controlled differently in comparison to that of the deter 
gent dissolution promoting step. For example, the drum 
driving motion of the laundry wetting promoting step may 
include a rolling motion and/or a filtration motion. In certain 
embodiments, the filtration motion and the rolling motion 
may be implemented sequentially. 
The filtration motion is a motion in which the laundry is 

broadly distributed to broaden the surface area of the laun 
dry, and thus the filtration motion may be used to wet the 
laundry uniformly. The rolling motion is a motion in which 
the laundry is repeatedly turned over to make the wash water 
held under the drum contact the laundry uniformly, and the 
rolling motion may also be applied in laundry wetting. To 
utilize these effects as much as possible, different drum 
driving motions, that is, repeated/sequential implementation 
of the filtration and rolling motions in a predetermined order 
may maximize effect of the laundry wetting promoting step. 

If the laundry amount is a predetermined level or higher, 
the drum driving motion of the laundry wetting promoting 
step may include the filtration motion. That is, in the 
filtration motion, the surface area of the laundry is broad 
ened and the wash water is Supplied in the filtration motion, 
and the laundry is distributed uniformly without being 
entangled and the wash water is supplied the laundry uni 
formly. Alternatively, or in addition to the filtration motion, 
the tumbling motion may also be implemented. 

If the laundry amount is lower than the predetermined 
level, a filtration and/or tumbling motion may be employed 
during the laundry wetting promotion step. 
The user may select a contamination level of the laundry 

from the option selecting part 118 and a net acting ratio of 
the motor may be differentiated according to this selection. 
However, the net acting ratio in the water Supplying step 
may not be differentiated according to the selected contami 
nation level, because the net acting ratio in the water 
Supplying step is preset to optimize detergent dissolution 
and laundry wetting, and because concern of unnecessary 
damage to the laundry cannot be ignored. If the net acting 
ratio is decreased, the detergent dissolution and the laundry 
wetting cannot be sufficiently implemented. 

The water Supplying step in the standard course may 
include the detergent type determining step, the detergent 
dissolution promoting step and the laundry wetting promot 
ing step described above. In alternative embodiments, the 
detergent type determining step, the detergent dissolution 
promoting step or the laundry wetting step may be provided 
independent from the water Supplying step. In this case, the 
detergent determining step, the detergent dissolution pro 
moting step or the laundry wetting step may be implemented 
after the water Supply is completed. 

A.1.3 Heating (S740): 
The washing cycle includes the washing step. To prepare 

for washing, a heating step may be implemented between the 
washing and the water Supplying steps. 

The heating step may be configured to heat the wash water 
by using the heater provided under the tub or to increase the 
temperature of the wash water or the drum by using steam 
supplied to the inside of the drum. Because of that, the 
heating step may be implemented or omitted as necessary. 
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That is, if using cold air or water to treat the laundry, the 
heating step may not be implemented. However, if the 
temperature of the wash water is preset to be higher than the 
temperature of the cold water because of a default tempera 
ture associated with a selected course, or if the temperature 
of the wash water is selected to be higher than the tempera 
ture of the cold water from the option selecting part 118, the 
heating step may be implemented. 
The drum driving motion in the heating step may be 

differentiated according to the amount of the laundry. A 
tumble motion may be implemented in the heating step 
regardless of the laundry amount. However, as mentioned 
above, if the laundry amount is the predetermined level or 
lower, the rolling motion may be implemented in the heating 
step. That is, in case the laundry is relatively small, the 
repeated turn-over of the laundry in the lower portion of the 
drum may be more effective in heating and washing than the 
distribution of the laundry. Alternatively, with a small 
amount of laundry in the heating step, a combination of the 
tumbling and rolling motions may be used, and with a large 
amount of laundry, the tumble motion may be used. 
The heating step may include a heating preparing step 

configured to prepare for heating after the water Supplying 
step. This means that the water Supplying step is completed 
after completion of the laundry wetting. As a result, it is 
possible to determine the amount of laundry more precisely 
after the water Supplying step, because wet laundry items 
cannot be distinguished from dry laundry items based on the 
laundry amount before the laundry wetting. For example, the 
amount of wet laundry items may be determined larger than 
the actual amount, before the laundry wetting. As a result, in 
certain embodiments, a more precise laundry amount deter 
mining step may be implemented in the heating step, before 
the washing. If the heating step is omitted, a step corre 
sponding to the heating preparing step may be implemented 
to determine the precise amount of the laundry. That is, if the 
heating step is omitted, the precise laundry amount deter 
mining step may be implemented before the washing step 
after the water Supplying step is complemented. 

A.1.4 Washing (S742): 
Once the water Supplying step and the heating step 

described above are completed, the washing step configured 
to wash the laundry may be implemented. A drum driving 
motion in the washing step may be a sequential combination 
of step and/or tumble and/or rolling motions to apply a 
strong mechanical force and move the laundry in diverse 
patterns to improve washing efficiency. 

Alternatively, the drum driving motion in the washing 
step may be a sequential combination of the filtration motion 
and the tumble motion to continuously Supply wash water to 
the laundry to improve washing efficiency generated by the 
detergent as well as washing efficiency generated by the 
mechanical force applied to the laundry. 
As a result, the drum driving motion in the washing step 

may be differentiated according to the laundry amount 
because the drum driving motion capable of generating an 
optimal washing effect may be different depending on the 
laundry amount. The laundry amount may be the laundry 
amount determined before the water Supplying step or in the 
heating step. In the washing step, the drum driving motion 
may be differentiated according to the laundry amount 
determined after the water Supplying step. 

If the laundry amount is a predetermined level or higher, 
the drum driving motion may include the filtration motion 
and/or the tumble motion. If the washing machine is not 
equipped to circulate the wash water, only the tumble motion 
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may be implemented. In the case of a large amount of 
laundry, wash water may be supplied to the laundry uni 
formly and the mechanical force may be applied to the 
laundry simultaneously to improve washing efficiency. 

If the laundry amount is a predetermined level or lower, 
the drum driving motion may include a step motion and/or 
a rolling motion to improve the washing efficiency as the 
laundry is moved in various patterns with the mechanical 
force applied to the laundry. In certain embodiments, the 
tumbling motion may also be implemented with the step 
motion and/or the rolling motion. 
As mentioned above, in the standard course, the drum 

driving motion in the water Supplying step, the heating step 
and the washing step may be diversified and efficiency of the 
washing cycle may be improved accordingly. In addition, 
the drum driving motion in each of the steps may be 
differentiated according to the amount of laundry in the 
drum and the optimized washing cycle may be implemented 
accordingly. 

If the user selects a contamination level of the laundry 
from the option selecting part 118, the net acting ratio of the 
heating step and the washing step may be differentiated. If 
the net acting ratio is unnecessarily high in a case in which 
the contamination level is relatively low, the laundry would 
be unnecessarily damaged. 
A2 Rinsing Cycle (S750): 
A control method of a rinsing cycle in Course A will be 

described in reference to FIG. 7A. According to this embodi 
ment, the rinsing cycle may be implemented as a part of a 
single course, together with the washing cycle described 
above, or it may be implemented independently. Simply for 
ease of discussion, a control method of the rinsing cycle 
implemented after the washing cycle mentioned in the 
standard course will be described hereinafter. 

A.2.1. First Rinsing (S751): 
Once the washing cycle is completed, a first rinsing step 

configured to supply water and to drive the drum to imple 
ment rinsing may be performed. 
One or more spinning steps may be implemented in the 

standard course in each of the washing cycle, the rinsing 
cycle and the spinning cycle. For example, spinning after the 
washing cycle and spinning in the rinsing cycle may be 
implemented. These spinning steps may be referred to as 
intermediate-spinning to be distinguished from the spin 
ning cycle which is the last cycle of the standard course. 
A spinning level may be determined based on RPM of the 

drum. Typically, intermediate-spinning may be implemented 
at approximately 200 to 400 RPM, and, for example, at 
approximately 400 RPM in a Sensitive Course, approxi 
mately 600 RPM in a Weak Course, approximately 800 
RPM in a Middle Course, and approximately 1000 RPM in 
a Strong Course. A drum RPM for intermediate-spinning 
may be selected based on a low resonance frequency and a 
high resonance frequency during operation depending on the 
current operation parameters. 
The resonance frequency is an eigen physical value of the 

washing machine and the vibration of the washing machine 
is drastically increased near the resonance frequency. If the 
drum is rotated near the resonance frequency and the laun 
dry not distributed uniformly, the vibration of the washing 
machine will be increased very suddenly. As a result, if 
spinning is implemented at a predetermined RPM higher 
than the resonance frequency, a laundry disentangling step 
would typically be implemented to distribute the laundry 
uniformly inside the drum and the vibration is sensed. If the 
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sensed vibration is less than a predetermined value, an 
accelerating step may be implemented to be out of a reso 
nance frequency band. 
As water Supplying and rinsing are repeated more times in 

the rinsing cycle, the time required by the intermediate 
spinning implemented in the middle of the rinsings would be 
longer. To address concerns of residual detergent remaining 
after washing is completed, the rinsing steps may be imple 
mented at least three times or more in the rinsing cycle. 
Intermediate-spinning implemented at this time may add a 
significant amount of time to the rinsing cycle, resulting in 
an excessively long rinsing cycle. According to this embodi 
ment, the RPM in the intermediate-spinning implemented in 
the middle of the water Supplying and the rinsing may be 
differentiated. That is, the drum may be rotated at a prede 
termined RPM lower than the low resonance frequency in a 
predetermined specific intermediate-spinning and at a pre 
determined RPM higher than the high resonance frequency 
in another predetermined specific intermediate-spinning. 
When the specific intermediate-spinning is implemented 

at an RPM lower than the low resonance frequency, the time 
required by an auxiliary laundry disentangling step, vibra 
tion amount sensing step and accelerating step may be 
unnecessary, thus potentially reducing the time required by 
the rinsing cycle. The RPM of this intermediate-spinning 
may be set to be approximately 100 to 110. In contrast, if the 
specific intermediate-spinning is implemented at the RPM 
lower than the low resonance frequency, the time required 
by the rinsing cycle may be reduced, but wash water 
including detergent may not be completely discharged. 
The most contaminants and detergent remnants may be 

found in the wash water after the washing cycle. Because of 
that, the wash water may be discharged from the laundry as 
thoroughly as possible after the washing cycle. 
A high speed spinning (S752) may be implemented in an 

initial stage of the first rinsing step, after the washing cycle 
in the standard course. In the high speed spinning, the drum 
may be rotated at a higher RPM than the high resonance 
frequency such that a maximum amount of wash water may 
be discharged from the laundry. For example, the RPM may 
be set to be approximately 1000 RPM. The high speed 
spinning step may continuously rotate the drum at the high 
speed, that is, approximately 1000 RPM, regardless of the 
user's selection, so that detergent remnants may be dis 
charged as thoroughly as possible before the rinsing. 
Once the high speed spinning is completed, a first drum 

driving step (S753) may be implemented to drive the drum 
after water Supplying to rinse the laundry. A rinsing water 
level may be a relatively high level allowing the water level 
to be visible through the door, so that the laundry submerged 
into the wash water. Thus, a significant amount of wash 
water may be Supplied to rinse the laundry in an initial stage 
of the rinsing cycle. 
A drum driving motion in the first drum driving step may 

be a scrub and/or Swing motion, to move the maximum 
amount of laundry Submerged into the wash water to 
improve rinsing performance. This scrub and Swing motions 
correspond to a process of continuously hand-Scrubbing the 
laundry under the wash water after Submerging the laundry 
into the wash water. The tumbling and step motions corre 
spond to a process of repeatedly moving the laundry into and 
out of the wash water. As a result, the first drum driving step 
may control the drum to be driven in the scrub and/or swing 
motion, with a high water level, allow the user to visually 
recognize that enough rinsing is implemented. In alternative 
embodiments, a circulating step configured to circulate the 
wash water held in the tub into the drum may be imple 
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mented in the first drum driving step. Wash water is sprayed 
into the drum to rinse the laundry. This process may be 
referred to as spray rinsing. This also displays to a user, as 
it may be visible through the door, that enough rinsing is 
implemented. 
Once the first drum driving step is completed, a first 

draining and intermediate-spinning step (S754) may be 
implemented. During water draining, the drum may be 
driven in the step and/or tumbling motion. The laundry is 
lifted and dropped to improve washing efficiency and 
bubbles are generated to improve rinsing efficiency. The 
drum driving motion may be differentiated according to the 
laundry amount. In the case of a small amount of laundry, 
the drum is driven in the step motion to generate the 
maximum distance between the lifting and the dropping. In 
the case of a large amount of laundry, the drum may be 
driven in the tumbling motion. 

Intermediate-spinning may be implemented at approxi 
mately 100 to 110 RPM in the first draining and interme 
diate-spinning. Then, the laundry disentangling step, the 
vibration sensing step and the accelerating step may be 
omitted and the required time may be noticeably reduced. 

In alternative embodiments, in the first draining and 
intermediate-spinning step in a standard course, the inter 
mediate-spinning may be implemented at approximately 
400 RPM higher than the low resonance frequency. In this 
case, the step and/or tumbling motion may be implemented 
when water is drained and the laundry is sufficiently dis 
tributed. Because of that, the laundry disentangling step may 
be omitted. Even at a rotation speed higher than the low 
resonance frequency, the intermediate-spinning may be 
implemented for a short time, with the vibration sensing step 
and the single accelerating step. Such intermediate-spinning 
may be implemented at a relatively high RPM to discharge 
detergent remnants and contaminants which fail to be dis 
charged via the high speed spinning step. However, in a case 
in which the amount of vibration measured in the vibration 
sensing step is out of an allowable range, the vibration 
sensing step may be repeated so as to fail to enter into the 
accelerating step, and the rinsing time might be increased 
disadvantageously. Because of that, the vibration sensing 
step may be implemented at the drum speed of approxi 
mately 100 to 110 RPM and in case the accelerating step 
fails to start within a predetermined times of vibration step 
implementations, the first draining and intermediate-spin 
ning step may finish. 

A.2.2 Second Rinsing (S756) and Final Rinsing (S760): 
A second rinsing step (S756) may follow the first rinsing 

step. The second rinsing step may include a second drum 
driving step (S757) and a second draining and intermediate 
spinning step (S758). The second drum driving step may be 
essentially the same as the first drum driving step described 
above. Also, the second draining and intermediate-spinning 
step may be essentially the same as the first draining and 
intermediate-spinning step. However, intermediate-spinning 
is implemented at approximately 100 to 110 RPM in the 
second draining and intermediate-spinning step to reduce the 
rinsing time, because detergent remnants have already been 
discharged in the high speed spinning step and the first 
draining and intermediate-spinning step. 
The rinsing cycle may make use of the result of the 

determination of the detergent type determining step. 
If the detergent is a liquid type, relatively little detergent 

may remain and the second rinsing step may be omitted to 
reduce the time required by the rinsing cycle. If the detergent 
is a powder type, the first rinsing step and the second rinsing 
step may be performed by default. 
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If the detergent is a liquid type, a third rinsing step (S760) 

may serve as a final rinsing step after the first rinsing step. 
If the detergent is a powder type, a third rinsing step may 
serves as a final rinsing step after the second rinsing step. 
However, when bubbles are sensed in the third rinsing step 
(in the case of a powder type detergent), a fourth rinsing step 
as final rising step may be implemented. 
A water level of the final rinsing step (S760) may be a 

relatively low level. In the case of a tilted drum type washing 
machine having a drum tilted at a predetermined angle, a 
water level may be a predetermined level sufficient to supply 
water only to a predetermined rear portion of the tilted drum. 
That is, the water level may be such that it is not sensed, or 
visible, outside the washing machine. However, Such a water 
level is predetermined so as to not generate any more 
bubbles in the laundry. Even if bubbles are generated, the 
bubbles are generated in the tub, not in the drum, to prevent 
excess accumulation. As a result, the user may visually 
identify that no bubbles are generated in the final rinsing step 
and rinsing performance satisfaction may be improved. 
A third draining step (S762) may be implemented after the 

third drum driving step (S761) in the final rinsing step, to 
implement the spinning cycle. The drum may be driven in 
the step and/or scrub motion to distribute the laundry 
uniformly in the third draining step. 

A.3 Spinning Cycle (S770): 
A control method of the spinning cycle in the standard 

course will be described in reference to FIG. 7A. The 
spinning cycle may be implemented as a part of the standard 
course, together with the washing cycle and the rinsing 
cycle, or independently as a single course. Simply for ease 
of discussion, a control method of the spinning cycle imple 
mented after the washing cycle and the rising cycle com 
posing the standard course will be described. 

A.3.1 Laundry Disentangling (S771): 
The spinning cycle may include a laundry disentangling 

step configured to disentangle the laundry by driving the 
drum to distribute the laundry uniformly. The spinning cycle 
is provided to minimize the vibration generated when the 
drum is rotated at a high speed. If the drum is driven in the 
step and/or scrub motion in the draining step right before the 
spinning cycle, the laundry is likely to be disentangled to a 
predetermined degree by the step and/or scrub motion and 
the time required by the laundry disentangling step may be 
significantly reduced. 

A.3.2 Eccentricity Measuring (S773): 
After the laundry disentangling step, the amount of eccen 

tricity with rotating the drum at a predetermined RPM lower 
than the low resonance frequency for a predetermined time 
period, may be measured by accelerating the drum and 
determine whether the laundry is uniformly distributed 
inside the drum. 
An eccentricity measuring step of a spinning cycle in a 

standard course according to another embodiment may be 
implemented before a laundry disentangling step. A signifi 
cant amount of laundry disentangling may have been imple 
mented by the drum driving motion of the rinsing cycle. As 
a result, the spinning cycle may start with the eccentricity 
measuring step to reduce the time of the spinning cycle. If 
the measured eccentricity compared with a reference eccen 
tricity value is determined to be satisfactory, the accelerat 
ing, which will be described later, may be implemented. If 
the measured eccentricity is unsatisfactory compared with 
the reference eccentricity value, the laundry disentangling 
step may be implemented. The drum may driven in the step 
motion in the laundry disentangling step to promote the 
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laundry disentangling and the eccentricity measuring step 
may re-start after the laundry disentangling step. 

A.3.3. Accelerating and Normal Spinning (S775): 
After the eccentricity measuring step, a step of acceler 

ating the rotation of the drum to a normal-spinning RPM 
(accelerating step) may be implemented. After that, a nor 
mal-spinning step configured to rotate the drum at the 
normal-spinning RPM may be implemented to complete the 
spinning cycle. The drum rotation speed of the normal 
spinning may be defaulted to be approximately 1000 RPM. 
That is, the amount of the moisture contained in the laundry 
may be reduced as much as possible to minimize detergent 
remnants. The RPM of the normal-spinning may be change 
able according to the user's selection, because RPM of the 
normal spinning is related to a residual moisture level and 
wrinkle level of the laundry after the spinning cycle is 
completed. As a result, the user may select and RPM of the 
normal spinning step, relating to a moisture level and a 
wrinkle-level of the laundry. 

B. Course B (Heavy Contaminant Course): 
A heavy contaminant course B in which heavy dirt is to 

be removed from laundry items will be described in refer 
ence to FIG. 8. The heavy contaminant course may be 
selected at the course selecting part 117 (S810). 

B. 1 Washing Cycle (S830): 
B.1.1. Determining Laundry Amount (S831): 
Once the heavy contaminant course is selected, a laundry 

amount determining step may be implemented to determine 
the amount of laundry loaded into the drum. The method of 
determining the laundry amount may be similar to that 
described above with respect to the standard course, and thus 
a repeated description thereof will be omitted accordingly. 
The laundry amount determining step could be implemented 
before the course selecting step. 

The control part compares the laundry amount determined 
in the laundry amount determining step with a reference 
value and controls drum driving motions of a water Supply 
ing step and a washing step, which will be described later, 
based on the result of the comparison. Essentially, a deter 
mined laundry amount greater than a reference value may be 
considered a large load, and a determined laundry amount 
less than the reference value may be considered a small load. 
Drum driving motions of each step according to the deter 
mined laundry amount will be described. 

B.1.2 Water Supplying (S833): 
In a water Supplying step, the control part controls the 

water Supply device (e.g. the water Supply path and water 
Supply valve) connected with the water Supply source and 
the tub to supply the wash water to the tub. If the laundry 
amount measured in the laundry amount determining step is 
Smaller than a reference value, the control part may control 
the drum to be driven in the tumbling motion and/or the step 
motion and/or the scrub motion and/or the filtration motion 
and/or the rolling motion. 

First, if the laundry loaded into the drum is entangled, the 
eccentric rotation of the drum would be generated, and the 
control part may control the drum to be driven in the 
tumbling motion in the water Supplying step to disentangle 
the laundry. In the tumbling motion, the drum is rotated in 
a predetermined direction and the laundry is dropped to the 
lowest point of the drum from an approximately 90° or more 
position with respect to the rotation direction of the drum, 
Such that the entangled laundry may be disentangled and 
distributed uniformly. 
The control part controls the drum to be rotated in the step 

motion and/or the Scrub motion so that a dropping shock is 
applied to the laundry loaded into the drum. The step motion 
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and the scrub may be applied to remove insoluble contami 
nants Smoothly. As a result, once the drum is driven in the 
step motion and/or the scrub motion, insoluble contaminants 
may be removed in the water Supplying step, and reduced 
washing time and improved washing efficiency may be 
achieved. 
The water Supplying step Supplies wash water to the tub 

and wets the laundry loaded into the drum, as mentioned 
above. Because of that, the control part may drive the drum 
in the filtration motion after the step motion and/or the scrub 
motion to perform laundry wetting. 

In addition, the control part may drive the drum in the 
rolling motion to dissolve detergent in the wash water in the 
water Supplying step, in addition to the rolling motion, to 
wet the laundry in the wash water, before the water supply 
ing step is completed. 

If the laundry amount is more than a reference value, the 
control part may control the drum to be driven in the 
tumbling motion and/or the filtration motion, in the water 
Supplying step. If the laundry amount is relatively large, 
specifically, more than the reference value, the drum motion 
configured to apply a Sudden brake to the drum Such as the 
step motion and/or the scrub motion may apply too much 
load on the motor. By extension, the original effect of the 
step and/or scrub motion which is the application of the 
dropping shock cannot be achieved. Thus, the step and/or 
scrub motion are not implemented if a large amount of 
laundry is loaded in the drum. Also, if a large amount of 
laundry is loaded in the drum, the laundry wetting effect 
generated by the rolling motion having the relatively low 
rotation speed cannot be effectively achieved, and so instead 
the tumbling motion may be implemented for laundry wet 
ting. Eventually, if the laundry amount is more than the 
reference value, the drum may be driven in the tumbling 
and/or the filtration motion such that the effects of the 
laundry distribution, the insoluble contaminant removal, the 
laundry wetting and the detergent dissolution mentioned 
above may be achieved. 

B.1.3 Washing (S835): 
After the water Supplying step is completed, a washing 

step of the heavy contaminant course may start. The washing 
step of the heavy contaminant course may include a soaking 
step, contaminant removing step and a remaining-contami 
nant removing step. In this case, wash water having different 
temperatures may be Supplied in each step and each step 
may be implemented accordingly. 

B.1.3.1 Soaking (S836): 
The soaking step is a process of soaking the laundry in 

cold water to loosen heavy contaminants contained in the 
laundry. Relatively cool water having a temperature of, for 
example, approximately 15° C. is used in the soaking step, 
to loosen protein components contained in the heavy con 
taminants attached to the laundry for a long time. If these 
protein components contact heated water, these heavy con 
taminants tend to be fixedly solidified in the laundry and it 
is difficult to separate them from the laundry. Because of 
that, the soaking step may be implemented using cold water, 
to prevent the heavy contaminants having the protein com 
ponents from being fixed to the laundry. 

If the laundry amount is less than a predetermined value, 
the motor may drive the drum in the step motion. The 
tumbling motion and/or the rolling motion may be added 
after the step motion. Since the step motion has excellent 
washing ability and reduced washing time, the heavy con 
taminants attached to the laundry may be soaked and a shock 
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is applied to the laundry. As a result, the step motion has an 
effect of inducing separation of the heavy contaminants from 
the laundry. 

If the laundry amount is more than the reference value, the 
drum may be driven in the tumbling motion and/or the 
rolling motion in the soaking step. That is, if the measured 
laundry amount is more than a predetermined reference 
value, the step motion may not be implemented due to the 
excessive load that would be applied to the motor. As noted 
above, the step motion applies a dropping shock to the 
laundry inside the drum and to improve washing efficiency. 
However, if the laundry amount is large the step motion may 
not be implemented. When the laundry amount is more than 
the reference value, the step motion is also not implemented 
in the contaminant removing and the remaining contaminant 
removing steps, which will be described later. 

B.1.3.2 Contaminant Removing (S837): 
After the soaking step, a contaminant removing step 

configured to heat wash water in a range of 35° C. to 40°C. 
to remove heavy contaminants may start. The temperature of 
the wash water used in the contaminant removing step is set 
be between 35° C. to 40° C. because sebum components 
contained in the heavy contaminants may be removed more 
easily at a temperature that is similar to a human body 
temperature. The heater provided in the bottom surface of 
the tub or the moisture Supplying device configured to 
Supply heated-moisture Such as steam to the tub may be used 
to increase the temperature of the wash water up to within 
the predetermined range. 

In the contaminant removing step, the control part may 
control the motor to drive the drum in the tumbling motion 
and/or the rolling motion if the laundry amount is the 
reference value or less. The tumbling motion and/or the 
rolling motion may apply low load on the motor and reduce 
the washing time, with high washing efficiency. Because of 
that, reduced washing time may be achieved. 

If the laundry amount is more than the reference value, the 
control part may control the drum to be driven in the 
tumbling motion. In case of a large amount of laundry, the 
rolling motion configured to rotate the drum at the relatively 
low speed may not be effective in contaminant removal, and 
thus the tumbling motion may be applied. 

B.1.3.3 Remaining-Contaminant Removing (S838): 
The control part may implement a remaining-contaminant 

removing step configured to heat the wash water to have the 
temperature of approximately 60° C. and to sterilize and 
bleach the laundry, after the contaminant removing step. The 
temperature of the wash water may be approximately 60° C. 
or higher in the remaining-contaminant removing step to 
sterilize and bleach the laundry. 

In the remaining-contaminant removing step, the control 
part may control the drum to be driven in the step motion or 
in the order of the step motion and/or tumbling motion 
and/or rolling motion, if the laundry amount is less than the 
reference value. 

If the laundry amount is more than the reference value, the 
control part may control the drum to be driven in the 
filtration motion and/or the tumbling motion in the remain 
ing-contaminant removing step. 

B.2 Rinsing Cycle (S850): 
The rinsing cycle of the heavy contaminant course may be 

similar to the rinsing cycle of the standard course described 
above and rinsing cycles of the other courses which will be 
described later. Thus, repeated description of the rinsing 
cycle will be omitted. 
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B.3. Spinning Cycle (S870): 
The spinning cycle of the heavy contaminant course may 

be similar to the spinning cycle of the standard course 
described above and spinning cycles of the other courses 
which will be described later. Thus, repeated description of 
the spinning cycle will be omitted. 

C. Course C (Quick Boiling Course): 
Course C will be described in reference to FIG. 9. Course 

C may be referred to as quick boiling course configured to 
heat the wash water to a predetermined temperature for a 
relatively short time to achieve an effect of laundry sanitary 
boiling, Such as in a sanitization cycle. 

Typically, when sterilizing and bleaching laundry, the 
wash water held in the tub is heated to a preset set 
temperature and then washing is implemented. Since the 
washing time is relatively long and the electric power 
consumed quite a lot to heat the wash water only, it takes 
quite a long time and much electric power to heat the wash 
water held in the tub to the preset temperature. In the quick 
boiling course the laundry may be sterilized and bleached 
while also reducing the overall washing time and the power 
consumption. The quick boiling course heats the wash water 
supplied to the tub for a preset time period, regardless of the 
temperature of the wash water, instead of heating the wash 
water until the wash water reaches the preset temperature. To 
take the washing ability into consideration, a step of com 
pensating the time of a washing step provided in the quick 
boiling course according to the temperature of the wash 
water may be included in this washing course, as will be 
described in reference to FIG. 9. 

First, the user may select the quick boiling course from 
the course selecting part 117 (S910). Then, the control part 
implements a step of setting the time of the washing step of 
the quick boiling course. This washing time setting step 
allows the control part to determine the time required by the 
washing step of the quick boiling course, which is stored in 
a storage device, such as a memory. This step may be 
implemented simultaneously with the course selecting step 
or a water Supplying step. 

C. 1 Washing Cycle (S930): 
C.1.1 Determining Laundry Amount and Washing Time 

Setting (S931): 
Once the user selects the quick boiling course, the control 

part may implement a laundry amount determining step 
configured to measure the amount of the laundry and a 
washing time setting step configured to set the time required 
by a washing step of the quick boiling course based on the 
determined laundry amount. The control part may use the 
time taken to rotate the drum to a predetermined position to 
determine the laundry amount, as described above, or the 
time of residual rotation after rotating the drum for a 
predetermined time. 

In the washing time setting step, the control part may 
select a washing time corresponding to the measured laun 
dry amount from proper times stored in the memory. The 
variety of the time required by the washing step of the quick 
boiling course is stored in the storage device, such as 
memory, so that, when the quick boiling course is selected, 
a proper time stored in the memory may be selected by the 
control part. 

C.1.2 Water Supplying (S933): 
The washing cycle of the quick boiling course may 

include a water Supplying step configured to Supply wash 
water to the tub. In the water Supplying step, the control part 
controls the water Supplying device (e.g. water Supplying 
path and water Supplying valve) connected with the water 
Supply source and the tub to Supply water to the tub. Also, 
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the control part controls the drum to be driven in a similar 
drum driving motion to the drum driving motion of the water 
Supplying step of for example, the heavy contaminant 
course described above, and thus further detailed description 
will be omitted. 

C.1.3 Water Temperature Measuring Step/Compensating 
(S935): 
Once the water is supplied to the tub, the control part 

measures the temperature of the wash water using tempera 
ture a temperature sensor provided in the washing machine 
and compares the measured temperature with a reference 
temperature to adjust the time of the washing step. 

For example, the control part may compare the measured 
temperature of the wash water to a reference temperature, 
for example, higher than approximately 50° C. If the mea 
Sured temperature is higher than the reference temperature, 
for example, if heated-water is supplied to the tub, the 
control part may implement the washing step right away. 
However, if the measured temperature is lower than the 
reference temperature, the control part may implement a 
compensating step configured to adjust the time of the 
washing step. 
As mentioned above, the washing step may be imple 

mented after heating the wash water for the predetermined 
time period in this course, regardless of the water tempera 
ture. Because of that, the temperature of the wash water held 
in the tub may be different, depending on the temperature of 
the water Supplied to the tub after a heating step is com 
pleted, and there would be difference in washing ability due 
to the difference in water temperature. As a result, the 
compensating step is provided to minimize the difference in 
the washing ability caused by the wash water having dif 
ferent temperatures after the heating step. If the temperature 
of the wash water is lower than the reference temperature, 
the time of the washing step is increased to compensate for 
the washing ability at the lower temperature. 

The number of reference temperatures used to define a 
temperature range may be adjustable appropriately. For 
example, in one embodiment, a single reference temperature 
may be provided, and in alternative embodiments, a plurality 
of the reference temperatures may be provided. When the 
temperature of the wash water is higher than a first reference 
temperature (e.g. 50° C.) and there are three reference 
temperatures, that is, first, second and third reference tem 
perature are provided, the control part may implement the 
washing step immediately. When the measured temperature 
of the wash water is lower than the first reference tempera 
ture and higher than the second reference temperature, the 
second reference temperature (e.g., 40° C.), being lower 
than the first reference temperature (e.g. 50° C.), and when 
the measured temperature is lower than the second reference 
temperature and higher than the third reference temperature, 
the third reference temperature (e.g. 30° C.) being lower 
than the second reference temperature (e.g. 40° C.), and 
when the measured temperature is lower than the third 
reference temperature, the compensating step configured to 
compensate the time of the washing step preset in the 
washing time setting step is performed. 
When the time of the washing step is compensated, the 

control part may control the compensated time to be differ 
ent depending on the temperature of the wash water. The 
washing ability is Substantially in proportion to the tempera 
ture of the wash water. Because of that, the lower the 
measured temperature of the wash water is, the longer the 
compensated time is. The reference temperature and the 
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range of the time added in the compensating step may be 
preset based on the capacity of the washing machine and 
other such factors. 

C.1.4 Heating (S937): 
Once the preset time of the washing step is compensated 

in the compensating step, a heating step configured to 
remove contaminants contained in the laundry by way of 
drum motion and to heat the wash water simultaneously may 
be implemented for a predetermined time period. The heat 
ing step may be implemented as an independent step or as 
a part of a washing step to be described later. Simply for ease 
of discussion, in this course description, the heating step will 
be described as the part of the washing step. 

C.1.5 Washing (S939): 
A drum driving motion of the washing step of the quick 

boiling course may include the step motion and/or the 
tumbling motion and/or the rolling motion. 
The step motion has excellent washing ability and applies 

the shock to the laundry such that contaminants attached to 
the laundry may be separated and washing time may be 
reduced. As a result, the control part may rotate the drum in 
the step motion in an initial stage of the washing step. In this 
case, the heating step may be implemented after the step 
motion of the washing step. 

In the step motion, the drum is rotated at a predetermined 
speed allowing the laundry not to be dropped from the inner 
circumferential surface of the drum due to the centrifugal 
force. When the laundry is located near the highest point of 
the drum, a reverse-torque is applied to the drum. Since the 
net acting ratio of the step motion is adjusted, the load 
applied to the motor is larger in the step motion than in the 
other motions. Because of that, if the heating step configured 
to heat the wash water is continued during the step motion, 
power consumption would be increased and a safety prob 
lem could occur due to the increase in the current amount. 
As a result, the heating step may be implemented for a 
predetermined time after the step motion is completed. 
The heating step is configured such that the heater is not 

driven for a preset heating time period, and not necessarily 
until the temperature of the wash water reaches the preset 
value. This allows the time and electric power required by 
the washing step to be predicted accurately and the user to 
be notified of the predicted data. In addition, the washing 
step may be implemented only for essentially the same 
preset time, regardless of the temperature of the wash water 
Supplied in the washing step. Such that power consumption 
and washing time may be reduced. 

Hence, the control part may control the tumbling motion 
and/or the rolling motion to be implemented. In this case, the 
tumbling motion and/or the rolling motion may be imple 
mented simultaneously with the start of the heating step. The 
tumbling motion and the rolling motion apply a low load to 
the motor and have good washing ability, with reduced 
washing time. As a result, the tumbling motion and the 
rolling motion may achieve an effect of reducing the wash 
ing time required by the washing step and an effect of a 
proper washing ability even with the washing step imple 
mented using the wash water having different temperatures. 

C.2 Rinsing Cycle (S950): 
A rinsing cycle of the quick boiling course may be similar 

to the rinsing cycles of the courses described above and 
rinsing cycles of other courses to be described later. Thus, 
further detailed description thereof will be omitted. 

C.3 Spinning Cycle (S970): 
A spinning cycle of the quick boiling course may be 

similar to the spinning cycles of the courses described above 
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and spinning cycles of the other courses which will be 
described later. Thus, further detailed description thereof 
will be omitted. 

D. Course D (Cool Wash Course): 
A Cool Wash Course D will be described in reference to 

FIG. 10. The Cool Wash Course D is configured to wash 
laundry without heating wash water, providing energy sav 
ings without degrading a desired washing ability. As a result, 
this course measures the temperature of the wash water 
Supplied to the tub, the measured temperature is compared 
with a preset temperature, and operation parameters are 
adjusted accordingly, enabling the washing ability main 
tained. For example, if the temperature of the wash water 
does not reach a reference temperature based on the result of 
the comparison, the washing time is compensated enough to 
provide a target washing ability in the cool wash course. 

First, the user may select the cool wash course from the 
course selecting part 117 (S1010). Once the user selects the 
cool wash course, the control part may implement a washing 
cycle, a rinsing cycle and/or spinning cycle sequentially or 
selectively. 

D.1 Washing Cycle (First Embodiment) (S1030): 
D. 1. Determining Laundry Amount/Washing Time Set 

ting (S1031): 
Once the user selects the cool wash course, the control 

part may implement a laundry amount determining step 
configured to measure the amount of the laundry and a 
washing time setting step configured to set the time required 
by a washing step of the cool wash course based on the 
measured amount of the laundry. In the laundry amount 
determining step, the control part may use the time taken to 
rotate the drum to a predetermined position or the time of 
residual rotation of the drum, to measure the amount of the 
laundry, as described above. In the washing time setting 
step, the control part may select a washing time correspond 
ing to the measured laundry amount from proper times 
stored in the memory according to the laundry amount. 

D.1.2 Water Supplying (S1033): 
The washing cycle of the cool wash course may include 

a water Supplying step configured to Supply wash water to 
the tub. In the water Supplying step, the control part controls 
the water Supplying device (e.g. water Supplying path and 
water Supplying valve) connected with the water Supply 
source and the tub to supply water to the tub. Also, the 
control part controls the drum to be driven in a similar drum 
driving motion to the drum driving motion of the water 
Supplying step of the heavy contaminant course or the quick 
boiling course described above. Thus, further detailed 
description thereof will be omitted. 

D. 1.3 Water Temperature Measuring/Washing Time Com 
pensating (S1035): 
Once the wash water is supplied to the tub, the control part 

may measure the temperature of the wash water using a 
temperature measuring device provided in the washing 
machine. The control part may compare the measured tem 
perature with a reference temperature (e.g. 15° C.). If the 
measured temperature of the wash water is the reference 
temperature or more, the control part may implement the 
washing step without compensating the washing time 
according to the laundry amount. If the measured tempera 
ture is less than the reference temperature, the control part 
may implement the washing time compensating step. In this 
example, the temperature of 15° C. is presented as an 
example of a critical temperature capable of securing a 
washing ability in cool-washing and a reference temperature 
of a washing ability test using cool water. As a result, if the 
measured temperature of the wash water is less than the 
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reference temperature, the control part may adjust the time 
of the washing step set in the washing time setting step. For 
example, if the measured temperature is less than the ref 
erence temperature, the control part may add a predeter 
mined time to the time of the washing step to prevent 
deterioration of the washing ability due to the use of cool 
wash water having a lower temperature than the reference 
value. For example, if the measured temperature of the wash 
water is less than approximately 10°C., 10 minutes may be 
added to the time of the washing step in the washing time 
compensating step. If, for example, the measured tempera 
ture is more than 10° C. and less than 15° C., 5 minutes 
maybe added to the time of the washing step. 

D. 1.4 Washing (S1037): 
Once the time of the washing step is compensated, the 

laundry amount measured in the laundry amount determin 
ing step mentioned above is compared with a reference 
laundry amount value and a washing step including different 
drum driving motions implemented according to the laundry 
amount may be implemented. The reference laundry amount 
value may be preset based on an amount of laundry that 
allows the step motion to be performed, taking into consid 
eration of the size of the drum and the output of the motor. 
For example, the reference laundry amount value may be a 
half value of the washing capacity of the washing machine 
(approximately 5-6 Kg in a washing machine having an 11 
Kg capacity). A case in which the measured laundry amount 
value is less than the reference laundry amount value will be 
described first, and then a case in which the measured value 
is the reference value or more will be described. 
When the measured laundry amount value is less than the 

reference laundry amount value, the control part controls the 
step motion and/or the tumbling motion and/or the rolling 
motion to be implemented in the washing step. The step 
motion applies the dropping shock to the laundry loaded into 
the drum and contaminants contained in the laundry may be 
removed easily, even if cold water is used. If the laundry is 
entangled during the washing step, eccentric rotation of the 
drum may be generated. Thus, the control part drives the 
drum in the tumbling motion and/or rolling motion to 
disentangle and distribute the entangled laundry. 
When the measured laundry amount value is the reference 

value or more, the control part controls the filtration motion 
and/or the tumbling motion to be implemented in the wash 
ing step. If the laundry amount is the reference value or 
more, the large load amount makes it difficult to achieve the 
effect of applying the shock to the laundry in the step motion 
and the effect of rolling the laundry along the inner circum 
ferential surface of the drum in the rolling motion. Because 
of that, the filtration motion and the tumbling motion may be 
implemented, individually or sequentially, to achieve the 
effect of securing the washing ability and the effect of 
laundry distribution. 

D.1' Washing Cycle (Second Embodiment) (S1130): 
FIG. 11 is a diagram of a cool wash course according to 

a second embodiment as broadly described herein. 
Compared with the cool wash course according to the first 

embodiment, the cool wash course according to the second 
embodiment omits a washing time setting step and a com 
pensating step and instead heats the wash water using the 
heater if the temperature of the wash water is lower than 15° 
C. That is, in a washing cycle according to the second 
embodiment, the laundry amount is determined (S1131) and 
a water supplying step (S1133) may be implemented imme 
diately without setting the washing time. After that, the 
temperature of the wash water is measured (S1135) to 
implement the washing step (S1137). A drum driving motion 
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of the drum may be differentiated according to the laundry 
amount in the washing step according to the second embodi 
ment, which is similar to the first embodiment described 
above. The washing step according to the second embodi 
ment may further include a heating step based on the 
measured temperature of the wash water. 
A case in which the laundry amount measured in the 

washing step is less than the reference value will be 
described, in which the drum driving motion of the drum 
includes the step motion and/or tumbling motion and/or 
rolling motion. 
When the measured temperature of the wash water is less 

than the reference value, the step motion is implemented 
after the washing step starts. After the step motion, a heating 
step configured to heat the wash water using a heater or a 
moisture Supplying device provided in the tub may be 
implemented. The heating step starts after the step motion 
because the step motion applies increased load to the motor, 
as mentioned above. Thus, a safety problem as well as 
washing ability deterioration may occur if the heating step 
and the step motion are implemented simultaneously. Also, 
if the heating step is implemented before the step motion to 
avoid the above problems, the washing time would be 
increased disadvantageously. Thus, in this embodiment the 
heating step starts after the step motion is completed. 

At the moment when starting the heating step, the control 
part may implement the tumbling motion and the rolling 
motion sequentially. The tumbling motion and the rolling 
motion have no concern in deterioration of washing ability 
deterioration and safety and can reduce washing time, even 
if they are implemented together with the heating step 
simultaneously. 
The temperature of the wash water is re-measured after 

the heating step and it is determined whether the re-mea 
sured temperature reaches the reference temperature. When 
the temperature of the wash water reaches the reference 
temperature, the heating step may finish. However, if the 
temperature of the wash water fails to reach the reference 
temperature, the heating step may be continued during the 
washing step. That is, even if the temperature of the wash 
water heated in the heating step fails to reach the reference 
temperature, if the washing step finishes then the heating 
step finishes as well. 

If the measured temperature is the reference temperature 
or more, the control part drives the drum in the step motion 
and/or the tumbling motion and/or the rolling motion essen 
tially the same as the description of the drum driving motion 
according to the first embodiment, and thus further descrip 
tion thereof will be omitted accordingly. 

If the laundry amount is the reference value or more in the 
washing step, the control part may drive the drum in the 
filtration motion and/or the tumbling motion. At this time, 
the heating step may be provided in case the measured 
temperature of the wash water is less than the reference 
temperature. As described above, the drum is not driven in 
the step motion during the heating step. 

D. 1" Washing Cycle (Third Embodiment) (S1230): 
FIG. 12 is a diagram of a cool wash course according to 

a third embodiment as broadly described herein. 
Compared with the cool wash course according to the first 

embodiment described above, the cool wash course accord 
ing to the third embodiment supplies warm water to the tub 
if the temperature of wash water Supplied in a water Sup 
plying step is lower than approximately 15°C. That is, after 
determining the amount of the laundry (S1231), the control 
part may implement a water Supplying step (S1233) config 
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ured to supply wash water to the tub based on the determined 
laundry amount, omitting a washing time setting time and a 
compensating step. 
At the moment when implementing the water Supplying 

step, the control part supplies cold water to the tub (1234) 
and may also implement a water temperature measuring step 
(S1235) and the cold water supplying simultaneously. In this 
case, when the measured temperature of the wash water is 
15° C. or higher, a washing step (S1240) may be imple 
mented according to the amount of the laundry loaded into 
the drum. If the measured temperature is lower than 15°C., 
a warm water Supplying step (S1236) may be implemented. 
The water Supplying step may be continued until the 

amount of the cold water and the amount of the warm water 
Supplied in the water Supplying step reaches the amount of 
wash water determined according to the laundry amount. 
Once the water Supplying step is completed, a washing step 
implemented according to the laundry amount may start. 
The drum driving motion may be differentiated according 
the laundry amount in the washing step, like the first 
embodiment described above, and thus further detailed 
description thereof will be omitted. 

D.2 Rinsing Cycle (S1050, S1150, S1250): 
A rinsing cycle of the cool wash course may be similar to 

the rinsing cycles of the courses described above and rinsing 
cycles of the other courses to be described later. As a result, 
further detailed description thereof will be omitted. 

D.3 Spinning Cycle (S1070, S1170, S1270): 
A spinning cycle of the cool wash course may be similar 

to the spinning cycles of the courses described above and 
spinning cycles of the other courses which will be described 
later. As a result, further detailed description thereof will be 
omitted. 

E. Course E (Color Item Course): 
Course E will be described in reference to FIG. 13. Course 

E may be referred to as a Color Item Course configured to 
wash colored laundry items more efficiently. When washing 
colored laundry items, a color migration problem, which can 
generate color running between colored items, fading, a lint 
problem and a pilling problem may occur. The above color 
migration is likely to be generated as the static friction 
between the drum and the laundry is larger. This course may 
include a temperature controlling step configured to prevent 
color migration by controlling the temperature of wash 
water, a colored-item washing step configured to drive the 
drum to prevent lint and pilling, and a rinsing step. As 
follows, the steps will be described in detail. 

E.1 Washing Cycle (First Embodiment) (S1330): 
E.1.1 Water Supplying (S1331): 
In a water Supplying step, the control part controls cold 

water to be supplied to the tub. Color migration is more 
likely to occur in higher temperature wash water. In the 
water Supplying step, the control part may control the motor 
to drive the drum in the swing motion or the filtration motion 
or a combination thereof. The water Supplying step may 
provided to Supply wash water required to wash the laundry 
to the tub and to wet the laundry loaded into the drum in the 
wash water. As a result, the drum is driven in the filtration 
motion in the water Supplying step Such that laundry wetting 
may be efficiently implemented. In addition, the drum may 
be driven in the Swing motion in the water Supplying step, 
rather than the filtration motion. The Swing motion can 
minimize the movement of the laundry inside the drum, 
compared with the other motions, to minimize lint genera 
tion and pilling which might be generated by the friction 
force between the laundry items. 
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E.1.2 Water Temperature Measuring Step/Heating 
(S1333): 
Once the water Supplying step is completed, the control 

part may measure the temperature of the wash water Sup 
plied to the tub. When the measured temperature is a 
reference temperature or more (e.g. 30° C. or 40° C.), the 
control part may start the washing step immediately. When 
the measured temperature is less than the reference tem 
perature (e.g. cold water because the wash water Supplied in 
the water Supplying step is cold water), the control part may 
start a heating step configured to heat the wash water. In 
certain embodiments, the temperature (reference tempera 
ture) of the wash water allowing the washing step to start 
may be set to be 30° C. or 40°C., because the temperature 
of the wash water capable of maximizing washing ability, 
while minimizing color migration is in a range of 30° C. to 
40° C. 
The heating step heats the wash water supplied to the tub 

using a heater provided in the bottom surface of the tub or 
a steam generating device configured to Supply steam to the 
tub. 

E.1.3 Washing (S1335): 
When the heating step enables the temperature of the 

wash water to reach the reference temperature (30°C. or 40° 
C.), the control part may starta washing step. In the washing 
step, the control part may control the drum to be driven in 
a drum driving motion which can minimize the mechanical 
friction force to prevent the lint and pilling and to achieve 
the desired washing ability. For example, the control part 
may control the drum to be driven in the Swing motion 
and/or the step motion, in the washing step of this course. 
Such the step motion and the Swing motion may be imple 
mented sequentially and the sequential implementation may 
be repeated. 

The Swing motion rotates the drum in both opposite 
directions and drops the laundry from a position of approxi 
mately 90° or less with respect to the rotation direction of the 
drum. The Swing motion applies rheostatic braking to the 
motor, because the physical friction applied to the laundry 
can be reduced as much as possible, while maintaining a 
predetermined level of washing efficiency. As a result, the 
possibility of lint and pilling, which may be generated by 
friction between the laundry items or between the laundry 
and the drum, may be minimized. 
As mentioned above, the step motion rotates the drum at 

the predetermined speed allowing the laundry not dropped 
from the inner circumferential surface of the drum by the 
centrifugal force and then it applies the sudden brake to the 
drum to maximize the shock applied to the laundry. Because 
of that, the step motion has excellent washing ability, and 
enough to compensate for an insufficient washing ability of 
the Swing motion. The amount of time the step motion is 
performed may be shorter than the amount of time the Swing 
motion is performed to minimize the possibility of lint and 
pilling. 

E.1' Washing Cycle (Second Embodiment) (S1430): 
FIG. 14 is a diagram of a color item course according to 

a second embodiment. Different from the above course 
according to the first embodiment, the color item course 
according to the second embodiment allows a water tem 
perature measuring step and a heating step to be imple 
mented in a washing step (S1433) after a water Supplying 
step (S1431). If the water temperature measuring step and 
the heating step are implemented before the washing step, 
the washing time would be increased disadvantageously. As 
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a result, this embodiment presents a color item course 
capable of reducing the washing time in comparison to the 
above embodiment. 

After the water supplying step (S1431), the control part 
may control the drum to be driven in the step motion and/or 
Swing motion in the washing step and it may determined 
whether the temperature of wash water is a reference tem 
perature (e.g. 30° C. or 40° C.) or more simultaneously. 
When the temperature of the wash water is the reference 
temperature or more based on the result of the determina 
tion, the control part controls the drum to be driven con 
tinuously according to the washing step. When the tempera 
ture of the wash water is less than the reference temperature, 
the control part may start a heating step configured to heat 
the wash water. 
The control part may control the drum not to be driven in 

the step motion in the heating step. That is, in the heating 
step, the control part drives the drum in the Swing motion, 
not in the step motion. The reason why the heating step is not 
implemented together with the step motion simultaneously 
is described in the above courses and thus further detailed 
explanation will be omitted. 

E.2 Rinsing Cycle (S1450): 
The control part may start a rinsing cycle after the 

washing cycle is completed. The control part may control 
the drum to be driven in the filtration motion during the 
rinsing cycle. The filtration motion rotates the drum at the 
predetermined speed allowing the laundry not dropped from 
the inner circumferential surface of the drum by the cen 
trifugal force and then sprays wash water into the drum Such 
that the filtration motion may be applied to wet or rinse the 
laundry. Also, the filtration motion may generate little fric 
tion between laundry items and between the laundry and the 
drum. Because of that, the filtration motion allows the 
laundry to be rinsed in a relatively short time. The control 
part may implement the tumbling motion in the rinsing cycle 
to Supplement the rinsing ability of the filtration motion. 

E.3 Spinning Cycle (S1470): 
After the rinsing cycle is completed, a spinning cycle 

configured to remove wash water from the laundry may 
start. The spinning cycle of the color item course may be 
similar to the spinning cycles of the courses described above 
and spinning cycles of the other courses to be described later 
and thus further detailed description thereof will be omitted. 

F. Course F (Functional Cloting Course) 
Course F will be described in reference to FIG. 15. Course 

F may be referred to as a functional clothing course 
configured to wash functional clothing, including outdoor 
clothing such as mountain-climbing clothes and other ath 
letic wear, effectively, without fabric damage. Functional 
clothing is manufactured to be appropriate for outdoor 
activities such as mountain-climbing, Swimming, cycling 
and the like. Functional clothes absorb Sweat quickly and 
discharge the absorbed moisture outside, and they help 
maintain body heat. However, these functional clothes are 
made of thin synthetic fabric and are more fragile than other 
kinds of fabrics. A washing course for functional clothes 
may be optimized to be proper for functional clothes. 

First, the user may select the functional clothing course 
from the course selecting part 117 (S1510). Once the user 
selects the functional clothing course, the control part may 
start a washing cycle, a rinsing cycle and/or a spinning cycle 
sequentially or selectively. 

F.1 Washing Cycle (S1530): 
F.1.1 Water Supplying (S1531): 
The control part implements a water Supplying step of a 

washing cycle. The water Supplying step Supplies wash 
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water required to wash the laundry. Also, the water Supply 
ing step dissolves detergent in the Supplied wash water and 
wets the laundry loaded into the drum. 

F.1.1.1 First Water Supply (S1533): 
The water Supplying step includes a first water Supplying 

step implemented for a predetermined time period. In the 
first water Supplying step, the drum may be driven in the 
Swing motion. As mentioned above, the Swing motion 
rotates the drum in a predetermined direction and a reverse 
direction alternatively. After being rotated to 90° or less 
from the lowest point of the drum in the predetermined 
direction and the reverse direction, the laundry may be 
dropped. As a result, the alternative rotation of clockwise/ 
counter-clockwise direction generates a Vortex in the wash 
water and detergent dissolution may be promoted. At the 
same time, the laundry rotated to 90° or less is dropped and 
a big shock is not applied to the laundry. Because of that, the 
Swing motion in the first water Supplying step allows the 
detergent to be dissolved in the wash water and a big shock 
is not applied to the functional clothing. The Swing motion 
may be repeated for a predetermined time period, several 
numbers of times. 

F.1.1.2 Second Water Supplying (S1535): 
Once the first water Supplying is completed, a second 

water Supplying may be implemented for a predetermined 
time period. In the second water Supplying, wash water is 
continuously supplied and the filtration motion and the 
Swing motion are sequentially implemented. The first and 
second water Supplying steps may be classified according to 
a preset time. The time of each step may be adjustable 
according to the amount of the laundry and other parameters 
as appropriate. For that, a laundry amount determining step 
configured to determine the amount of the laundry may be 
provided before the water Supplying step. 
As mentioned above, the filtration motion rotates the 

drum at high speed to generate the centrifugal force and the 
laundry is in close contact with the inner circumferential 
surface of the drum due to the centrifugal force. Also, the 
wash water passes through the laundry and the through holes 
of the drum by the centrifugal force and is discharged to the 
tub. As a result, the laundry is wet by the wash water in the 
filtration motion to be washed. In addition, the wash water 
passes through the laundry simply and the functional clothes 
may not be damaged while being wet in the wash water. 
After the filtration motion is implemented for a predeter 
mined time period, the Swing motion may be implemented. 
As mentioned above, the detergent may be continuously 
dissolved, without damage to the functional clothes. The 
laundry may be effectively wet in the wash water by the 
generated Vortex and by extension, the Swing motion gen 
erates the repeated drum rotation in the clockwise/counter 
clockwise direction. Because of that, the entangled laundry 
may be disentangled before being washed. In addition, the 
Swing motion drops the laundry from a relatively low 
position and fabric damage of the laundry may be minimized 
while disentangling the laundry. As a result, the combination 
of the filtration and Swing motions may minimize damage of 
the functional clothes and enable laundry wetting, detergent 
dissolution and laundry disentangling to be achieved effec 
tively. Such the sequential combination of the filtration and 
Swing motions may be repeated several numbers of times for 
a predetermined time period. 

F.1.2 Washing (S1540): 
Once the wash water is supplied to a predetermined water 

level, the water Supplying step is completed and then a 
washing step may start. As the functional clothes are rela 
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tively light and thin, essentially the same washing step may 
be implemented, regardless of the amount of laundry in the 
drum. 

F.1.2.1. First Washing (S1541): 
The washing step may include a first washing step imple 

mented for a predetermined time period, with the drum 
driven in the step motion. As mentioned above, the step 
motion drops the laundry from the highest position. As a 
result, the step motion in the first washing step mixes the 
laundry items uniformly and the wash water preliminarily. 
Also, the step motion soaks contaminants of the laundry and 
applies the shock to the laundry to separate the contaminants 
from the laundry by using the big rotation/dropping of the 
laundry. 

F.1.2.2. Second Washing (S1543): 
After the first washing step, a second washing step may be 

implemented for a predetermined time period. In the second 
washing step, the wash water is heated for more effective 
washing and contaminant removal. First, the wash water 
may be heated by a heater provided in a bottom surface of 
the tub or a steam generating device configured to Supply 
steam to the tub. Substantially, the wash water may be 
heated up to approximately 25° C. to 30° C., preferably, 
approximately 27° C. in the second washing step. The 
functional clothes are made of thin synthetic fabric texture 
and they may be damaged if the temperature of the heated 
wash water is excessively high. As a result, wash water 
having a proper temperature used in the second washing step 
may improve washing efficiency and may prevent fabric 
damage. 

Simultaneously with the heating of the wash water, the 
drum may be driven in the swing motion in the second 
washing step. The Swing motion uses the drop of the laundry 
from the relatively low position and the alternative rotation 
of the drum. Because of that, the laundry may be swung 
gently and moved enough in the wash water. The wash water 
in the Swing motion may be heated uniformly in a relatively 
short time and heat may be transmitted to the laundry 
enough. Also, the Swing motion can generate shock by the 
friction between the wash water and the laundry and drop 
ping shock and it may remove contaminants effectively 
without fabric damage. 

F.1.2.3. Third Washing (S1545): 
After the second washing step, a third washing step may 

be implemented for a predetermined time period. In the third 
washing step, any remaining contaminants may be removed 
and a combination of the Swing and step motions may be 
implemented. Although the Swing motion may remove con 
taminants without fabric damage as mentioned above, the 
washing ability is relatively low in comparison to the other 
motions. As a result, the step motion capable of applying the 
strongest shock is added and the washing ability of the 
washing step mostly configured of the Swing motion for the 
functional clothes may be improved. In addition, the strong 
shock of the step motion may prevent lint from being 
attached to the laundry. As a result, the third washing step 
may minimize damage to the functional clothes and separate 
contaminants from the laundry completely and effectively. 

F.2. Rinsing Cycle (S1550): 
A rinsing cycle of the functional clothing course may be 

similar to the rinsing cycles of the courses including the 
standard course mentioned above and rinsing cycles of the 
other courses to be described later and thus further detailed 
description thereof will be omitted. 
To reinforce the overall rinsing ability, the rinsing cycle 

may be repeated more often than the rinsing cycle of the 
standard course. For example, the rinsing cycle may be 
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implemented at least three times or more. This is because the 
drum is rotated at a lower RPM in a spinning cycle of the 
functional clothing course than in the standard course thus 
providing weaker rinsing ability. That is, the spinning cycle 
separates the wash water from the laundry using the cen 
trifugal force generated by the high speed rotation of the 
drum and may provide a rinsing function configured to 
separate detergent and contaminants together with the wash 
water from the laundry simultaneously. A normal spinning 
step of the spinning cycle of the functional clothing course 
uses a relatively low RPM of the drum rotation and the final 
rinsing ability may be weakened. Thus, the rinsing step of 
the rinsing cycle of the functional clothing course may be 
implemented three times or more. 
F3 Spinning Cycle (S1570): 
A spinning cycle of the functional clothing course may be 

similar to the spinning cycles of the courses including the 
standard course mentioned above and spinning cycles of the 
other courses to be described later. A normal spinning step 
of the spinning cycle may rotate the drum at a lower RPM 
than the normal spinning step of the standard course, to 
prevent damage to the laundry. 

G. Course G (Speed Wash Course): 
A Speed Wash Course G, referred to as a speed wash 

course capable of Washing the laundry in a relatively short 
time, compared with the other courses, will be described 
with respect to FIG. 7B. A small amount of laundry typically 
requires a Substantially short time in comparison to a large 
amount of laundry. In the case of a small amount of laundry, 
an unnecessarily long amount of time may be taken to 
implement overall washing. Because of that, a course used 
to wash a small amount of laundry in a short amount of time 
may be provided. The speed wash course is based on the 
standard course described above with respect to FIG. 7A, 
and each cycle or operational conditions of each step in the 
standard course may be optimized, or a predetermined 
number of steps may be omitted as appropriate. 

First of all, the user may select the speed wash course 
from the course selecting part 117 (S710B) and the control 
part may implement a washing cycle (S730B), a Rinsing 
Cycle (S750B), and a Spinning Cycle (S770) composing the 
speed wash course. 

G.1 Washing Cycle: 
G.1.1 Laundry Amount Determining: 
The control part may start a laundry amount determining 

step to determine the amount of laundry (S731B). The 
laundry amount determining step may be implemented 
before a water Supplying step starts after the user selects the 
speed wash course. The laundry amount measured in the 
laundry amount determining step of the standard course as 
described above may be categorized into two categories, that 
is, a large amount and a small amount, to determine the 
following cycle or the drum motion of each step and other 
operational conditions. In the speed wash course, the mea 
Sured laundry amount may be used to determined the total 
time of the overall washing, that is, the total time taken to 
complete the washing, rinsing and spinning cycles as well. 
In this case, the laundry amount may be specified into more 
categories, for example, three or more categories in the 
speed wash course. If the laundry amount is classified into 
more categories, a different overall-washing time (that is, the 
total time taken to complete the washing, rinsing and spin 
ning cycles) may be set for each of the categories of laundry 
amount. As a result, the overall washing time may be 
controlled corresponding to the amount of laundry. Because 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

42 
of that, a relatively short time may be properly applied to a 
Small amount of laundry without deteriorating the actual 
washing ability. 

For example, the measured laundry amount may be clas 
sified into three categories including first, second and third 
categories, or may be classified into more than three cat 
egories. For example, the first category correspond to a load 
of less than approximately 1.5 Kg and a proper washing time 
of the first category may be set to be approximately 25 to 30 
minutes, an in particular, 29 minutes. The second category 
may correspond to a load of approximately 1.5 to 4.0 Kg and 
a proper washing time of the second category may be set to 
be approximately 35 to 40 minutes, an in particular, 39 
minutes. Lastly, the third category may correspond to a load 
of more than approximately 4.0 Kg and a proper washing 
time of the third category may be 45 to 50 minutes, and in 
particular, 49 minutes. Such categories and times may be 
stored in the memory of the control part as table data. 
Once the laundry amount is determined in the laundry 

amount determining step, the control part determines which 
category the measured laundry amount corresponds to, in 
reference to the stored category table. After that, the control 
part may set the washing time given to the category corre 
sponding to the measured laundry amount to be an actual 
washing time. 

G.1.2. Water Supplying/Heating/Washing: 
After the above series of steps, the control part may 

sequentially implement a water supplying step (S733B), a 
heating step (S740B) and a washing step (S742B) of the 
washing cycle (S730B). The water supplying step, the 
heating step, the washing step of the washing cycle of the 
speed wash course are similar to those of the washing cycle 
of the standard course shown in FIG. 7A and thus further 
detailed description thereof will be omitted. 
As mentioned above in the standard course shown in FIG. 

7A, a heating preparing step configured to promote heating 
of wash water may be implemented before a heating step. 
However, the heating preparing step may be a preliminary 
step and a drum motion of a predetermined time period may 
increase the overall washing time. As a result, preliminary 
steps such as the heating preparing step before the heating 
step may not be implemented in the speed wash course. 
After the water Supplying course, the heating step may start. 

G.2 Rinsing Cycle: 
Once the washing cycle is completed, a rinsing cycle 

(S750B) configured to remove detergent remnants and con 
taminants remaining in the laundry may be implemented. 
The rinsing cycle (S750B) is similar to the rinsing cycle 
(S750) of the standard course shown in FIG. 7A and thus 
further detailed description of the rinsing cycle will be 
omitted. 
The first rinsing step implemented in the initial stage of 

the rinsing cycle of the standard course may include the first 
drum driving step using the filtration motion that requires 
much time. In contrast, the drum motions implemented in 
the rinsing steps (S751B, S756B, S760B) require a relatively 
short time, while still providing the laundry with enough 
rinsing. As a result, the filtration motion of the first rinsing 
step provided in the rinsing cycle of the speed wash course 
may be omitted to reduce the overall washing time. 

G.3 Spinning Cycle: 
Once the rinsing cycle is completed, the control part may 

start a spinning cycle (S770B). The spinning cycle of the 
speed wash course is similar to the spinning cycle of the 
standard course shown in FIG. 7A and thus further detailed 
description thereof will be omitted. 
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The laundry disentangling step implemented in the initial 
stage of the spinning cycle of the standard course imple 
ments a drum motion capable of disentangling the laundry. 
However, Such a drum motion may not affect the spinning 
ability substantially. Because of that, the laundry disentan 
gling step may not be implemented in the spinning cycle of 
the speed wash course to reduce the overall washing time. 

While the drum in the normal spinning step of the 
standard course may be rotated at approximately 1000 RPM, 
the drum in a normal spinning step of the speed wash course 
may be rotated at approximately 800 RPM. As the rotation 
speed of the drum increases, the vibration and noise of the 
drum may get more severe and the preparing steps imple 
mented for the drum to reach the target RPM such as the 
eccentricity measuring step may be repeated enough to 
require a relatively long operation time. As a result, the 
target rotation speed of the speed wash course is lowered in 
comparison to that of the standard course and the time of the 
speed accelerating may be prevented from being increased. 
As mentioned above, the speed wash course may classify 

the laundry amounts into specific categories and it may set 
the overall washing time proper to each category. Such that 
the overall washing time of the large amount of the laundry 
as well as the small amount of the laundry may be reduced 
properly. In addition, compared with the standard course, 
unnecessary steps may be omitted from the cycles to reduce 
the overall washing time. Nevertheless, most of the drum 
motions applied to the cycles of the standard course are 
adapted in the speed wash course and the desired washing 
ability may be achieved. As a result, the speed wash course 
may wash a small amount of the laundry in a short time, 
while maintaining washing ability. 

H. Course H (Silent Course): 
Course H will be described in reference to FIG. 16. 

Course H may be referred to as a silent course capable of 
reducing noise during washing. 

In certain circumstances, less noise of the washing 
machine may be required by the user. For example, if 
washing is performed at night and/or an infant or child is 
asleep, it is preferable that the washing machine operate with 
less operation noise. Reduced operational noise may be 
achieved in various ways. Optimization of a washing control 
method may reduce the noise effectively, without increased 
production cost. The washing control method configured to 
reduce Such noise may be embodied by a single course, 
namely, a silent course presented by optimization of opera 
tion conditions. The silent course is based on the standard 
course and is embodied by optimizing or omitting certain 
operational conditions of certain cycles or steps of the 
standard course. FIG. 16 is a flow chart of different steps of 
the silent course from the steps of the standard course. First, 
the user may select the silent course from the course 
selecting part 117 (S1610) and the control part may imple 
ment a following series of operations. 

H.1 Washing Cycle (S1630): 
H.1.1 Laundry Amount Determining (S1631): 
The control part may start a laundry amount determining 

step to determine the amount of laundry. The laundry 
amount determining step has been described above and thus 
further detailed description thereof will be omitted. An 
object of the silent course is to reduce noise and/or vibration 
while also maintaining washing ability. A drum driving 
motion of each step may be differentiated according to the 
laundry amount. 

H.1.1. Water Supplying (S1633): 
Once the user selects the silent course, a water Supplying 

step may start. The water Supplying step Supplies wash water 
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to the tub. Also, the water Supplying step dissolves detergent 
mixed with the wash water and wets the laundry loaded into 
the drum. In the water Supplying step of the silent course, the 
control part may supply a larger amount of wash water to the 
tub, compared with the water Supplying step of the standard 
course. The reason why more wash water is supplied will be 
described in a following washing step. 

H.1.1.1 First Water Supplying (S1635): 
In the water Supplying step, the control part may imple 

ment a first water Supplying step, together with the Supply of 
the wash water. In the first water Supplying step, the control 
part controls the drum to be driven in the rolling motion. 
As mentioned above, the rolling motion rotates the drum 

in a predetermined direction continuously and the laundry is 
separated from the drum after being rotated to the position 
of 90° or less with respect to the rotation direction of the 
drum from the lowest point of the drum. In the rolling 
motion, the drum is rotated at a relatively low speed and the 
separated laundry is rolling-moved on the inner Surface of 
the drum to the lowest point of the drum, without dropping 
to the lowest point. Because of that, the rotation of the drum 
and the rolling movement of the laundry may generate a 
predetermined vortex in the wash water and detergent dis 
Solution may be promoted in the wash water. At the same 
time, the rolling motion induces the rolling movement of the 
laundry along the inner Surface of the drum and it may have 
no noise of the shock generated by the Sudden dropping of 
the laundry. As a result, the rolling motion in the first water 
Supplying step may allow the detergent to be sufficiently 
dissolved in the wash water while also reducing noise. In the 
first water Supplying step, the rolling motion may be 
repeated for a predetermined time period a number of times. 

H.1.1.2 Second Water Supplying (S1637): 
Once the first water Supplying step is completed, the 

control part may start a second water Supplying step. In the 
second water Supplying step, the control part may control the 
drum to be driven in the filtration motion and the rolling 
motion sequentially, with Supplying the wash water to the 
tub continuously. The first and second water Supplying steps 
may be distinguished from each other according to the 
respective preset time and the time of each step may be 
adjustable according to the amount of laundry. 
As mentioned above, the filtration motion rotates the 

drum at a high speed to generate a centrifugal force and the 
generated centrifugal force maintains the laundry in close 
contact with the inner circumferential surface of the drum. 
Also, the wash water passes through the laundry and the 
through holes of the drum by the centrifugal force to be 
discharged to the tub. As a result, the laundry is wet by the 
wash water in the filtration motion. In addition, the wash 
water passes through the laundry simply and the laundry 
may not be damaged while being wet in the wash water. 
After the filtration motion is implemented for a predeter 
mined time period, the rolling motion may be implemented. 
As mentioned above, the rolling motion in the first water 
Supplying step may allow the detergent to be sufficiently 
dissolved in the wash water while also reducing noise. Also, 
a broader Surface area of the laundry contacts the wash 
water, rolling-moved along the inner Surface of the drum, 
and thus the laundry may be wet in the wash water more 
effectively and uniformly. As a result, the combination of the 
filtration and rolling motions may minimize the noise and 
enable laundry wetting, detergent dissolution and laundry 
disentangling to be achieved effectively. Such the sequential 
combination of the filtration and rolling motions may be 
repeated several numbers of times for a predetermined time 
period. 
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H.1.2 Washing (S1635): 
Once the wash water is supplied to a predetermined water 

level, the water Supplying step is completed and then a 
washing step may start. 

H.1.2.1 Heating Step/First Washing (S1640): 
Once the water Supplying step is completed, the control 

part starts a first washing step. The first washing step may 
include a heating step configured to heat the wash water to 
a predetermined temperature. Different from the heating step 
and the washing step of the standard course, the first 
washing step of the silent course may include only the 
rolling motion. The rolling motion enables the laundry to 
rolling-move along the inner Surface of the drum without 
Suddenly dropping the laundry. As a result, such a rolling 
movement may maximize the friction between the laundry 
and the wash water and between the laundry and the drum 
and the washing step may remove contaminants from the 
laundry effectively, with minimized noise. 
As mentioned above, the control part in the water Sup 

plying step may supply a larger amount of wash water, 
compared with the water Supplying step of the standard 
course. For example, the control part may control the 
amount of wash water Supplied in the washing step of the 
silent course to be 1.2 times as much as the amount of the 
wash water Supplied to the same amount of laundry. The 
increase in the wash water amount results in increasing of 
the water level inside the drum. When the laundry is 
rolling-moved in the drum with the increased water level by 
the rolling motion, the friction between the wash water and 
the laundry may be further increased and the washing ability 
may be further improved. Eventually, the rolling motion 
adapted in the washing step may provide adequate washing 
ability while also Suppressing noise generation. 
Once a predetermined amount or more of the laundry is 

loaded into the drum, the slow speed rotation of the drum 
cannot rotate the laundry together with the drum easily. Even 
if rotated together with the drum, the large amount of 
laundry may have difficulty being rolling-moved on the 
inner surface of the drum because of the volume. As a result, 
since the rolling motion rotates the drum at a relatively low 
speed, the large amount of laundry fails to rolling-move as 
intended and thus fails to achieve the desired washing 
ability. Because of that, if washing a large amount of 
laundry, the washing step may adapt a different drum motion 
from the rolling motion described above. 

That is, when the laundry amount measured in the laundry 
amount determining step is larger than a preset reference 
value, the tumbling motion may be implemented in the 
washing step, instead of the rolling motion. The tumbling 
motion rotates the drum in the predetermined direction 
continuously, similar to the rolling motion, and the rotation 
speed of the drum in the tumbling motion is higher then that 
of the drum in the rolling motion. As a result, the laundry is 
separated from the drum after being rotated to the position 
of 90° or more with respect to the rotation direction of the 
drum from the lowest point of the drum. Since the drum is 
rotated at a relatively high speed in the tumbling motion, the 
separated laundry is dropped to the lowest point of the drum 
and this is different from the rolling motion. As a result, the 
laundry may be washed by the shock generated by the 
friction between the laundry and the wash water and the 
dropping. Although the tumbling motion generates more 
noise than the rolling motion, the generated noise may be 
less than the noise generated in the other drum motions such 
as the step motion and the scrub motion which have the 
strong washing ability. Because of that, tumbling motion 
may wash the large amount of the laundry effectively, while 
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Suppressing noise generation as much as possible. When the 
measured laundry amount is less than the reference value, 
the rolling motion may be implemented as mentioned above. 
To promote the heating of the wash water, a heating 

preparing step may be implemented before a heating step. 
However, the heating preparing step may include a drum 
motion and the drum motion may generate noise. As a result, 
preliminary steps such as the heating preparing step before 
the first washing step may not be implemented in the 
washing step of this course and the wash water may be 
heated to a predetermined temperature in the first washing 
step. The wash water may be heated by the heater or the 
steam generating device installed in the tub. 

H.1.2.2 Second Washing (S1642): 
The control part may start a second washing step after the 

first washing step. Contaminants may be more completely 
removed in the second washing step. Like the first washing 
step, the second washing step of the silent course may 
include only the rolling motion. The noise generation may 
be minimized in the rolling motion and the contaminants of 
the laundry may be removed effectively in the rolling 
motion, as described above. Also, a larger amount of wash 
water is Supplied in the rolling motion, compared with the 
amount of wash water Supplied in the standard course. 
Because of that, the adaptation of the rolling motion may 
secure Sufficient washing ability while also Suppressing 
noise generation. 

If the laundry amount is large, the drum is driven in the 
tumbling motion. If the laundry amount is Small, the drum 
is driven in the rolling motion, similar to the first washing 
step described above. 
H.2 Rinsing Cycle (1650): 
Once the washing cycle is completed, a rinsing cycle 

configured to remove detergent remnants and contaminants 
from the laundry may start. The rinsing cycle is similar to the 
rinsing cycles of the standard course described above and 
thus further detailed description thereof will be omitted. 
The first rinsing step implemented in the initial stage of 

the rinsing cycle of the standard course includes the first 
drum driving step using the filtration motion, which may 
generate much noise. As a result, the filtration motion is not 
implemented in the rinsing cycle of the silent course. While 
the steps of the rinsing cycle of the standard course may 
adapt various drum motions, the silent course may apply 
only the rolling motion to the steps of the rinsing cycle to 
reduce noise as in the washing step. 
To reinforce the overall rinsing ability, the rinsing steps 

are repeated a more times in the silent course than in the 
standard course. For example, the rinsing cycle may be 
implemented four times or more. This is because the drum 
is rotated at a lower RPM in the spinning of the silent course 
than in the spinning cycle of the standard course, thus 
deteriorating rinsing ability. That is, in the spinning cycle, 
the wash water is typically separated from the laundry by the 
centrifugal force generated by the high speed rotation of the 
drum and detergent and contaminants are separated from the 
laundry together with the wash water simultaneously. How 
ever, in the normal spinning step of the spinning cycle of the 
silent course, the drum is rotated at a lower RPM and thus 
the final rinsing ability may be deteriorated. As a result, the 
rinsing steps may be implemented four times or more in the 
rinsing cycle of the silent course. 

H.3 Spinning Cycle (S1670): 
Once the rinsing cycle is completed, the control part may 

start a spinning cycle. The spinning cycle is similar to the 
spinning cycle of the standard course and thus further 
detailed description thereof will be omitted. 
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In a normal spinning step of the silent course, the drum 
may be rotated at a lower RPM than in the normal spinning 
step of the standard course to reduce noise. For example, to 
reduce noise, the drum may be rotated at a predetermined 
RPM which is 50% of the RPM of the normal spinning cycle 5 
of the standard course. That is, the drum may be rotated at 
approximately 400 RPM. 

I. Course I (Cotton, Synthetic, Mixture Courses) 
Like the functional clothing course described above, 

courses may be provided corresponding to the kinds of 10 
laundry items and to fabric types of the laundry. For 
example, there may be provided a cotton course configured 
to wash cotton fabric such as towels, tablecloths, T-shirts 
and the like, a synthetic course or easy care course config 
ured to wash synthetic fabric, and a mixture course config 
ured to wash a mixture of fabric types such as cotton and 
synthetic fabrics. Synthetic material may include, for 
example, polyamide, acrylic, polyester and other such fab 
1CS 

Cotton fabric and synthetic fabric have different charac 
teristics. That is, cotton fabric is more resistant to friction 
and shock, with less concern of deformity, than the synthetic 
fabric. In addition, cotton fabric can absorb more wash water 
than the synthetic fabric and has less concern of wrinkles 25 
than the synthetic fabric. However, it is not easy to separate 
the cotton fabric laundry items from synthetic fabric laundry 
items and to implement corresponding washing courses to 
wash them separately all the time. This is because the user 
usually wears clothes fabricated from the cotton and syn- 30 
thetic fabric together, and does not want to wash separate 
partial loads of cotton and synthetic clothing. As a result, a 
washing course combining the merits of the cotton course 
and the synthetic course, that is, a mixture course, may be 
provided. 
The mixture course may be useful for many reasons. For 

example, if the user separates the cotton fabric laundry items 
and synthetic fabric laundry items to wash them separately, 
washing may be delayed disadvantageously until a prede 
termined amount of laundry is collected, and thus contami- 40 
nated laundry may be neglected for a relatively long time. Of 
course, if a small amount of laundry is washed separately, 
energy may be wasted. Because of that, the mixture course 
capable of washing conventional kinds of fabric laundry 
items together may prevent the problem of laundry neglect 
and energy waste. 

In the washing course provided corresponding to Such 
mixtures of types of fabric shown in FIG. 17, a washing 
cycle, a rinsing cycle and a spinning cycle may be differ 
entiated according to the characteristics of the particular 
type of fabric. As follows, the cotton course, the synthetic 
course and the mixture course having operational conditions 
of each step adjusted based on the type of fabric will be 
described in reference to the cycles and steps of the standard 
course described above. Compared with the standard course, 
repeated detailed description will be omitted as appropriate, 
and difference will be described in detail. 
Once the user selects the cotton course, the synthetic 

course or the mixture course (S1710) according to the type 
of fabric of the laundry, the control part may implement a 
wash cycle (S1730), a rinse cycle (S1750), and a spin cycle 
(S1770) and steps according to the selected course. 

I.1 Washing Cycle: 
I.1.1 Laundry Amount Determining Step (S1734): 
The control part may determine the amount of the laundry 

in a washing cycle and a method of laundry amount deter 
mining in this course is similar to the above methods and 
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repeated description will be omitted. The measured laundry 
amount may be used in a following step properly, which will 
be described in detail. 

I.1.2. Water Supplying Step (S1733): 
The control part may implement a water Supplying step 

configured to Supply wash water and detergent to the tub or 
the drum and to dissolve the detergent in the wash water. 
That is, the wash water is supplied from an external water 
Supply source, together with the detergent. To Supply the 
wash water and the detergent to the laundry initially, the 
wash water and the detergent are Supplied to the laundry 
inside the drum directly. That is, a water supply path of the 
wash water may be located in a front upper portion of the 
drum toward the drum inside, not in a lower portion of the 
tub. When the detergent is a powder type, detergent disso 
lution fails to be sufficiently implemented and a drum 
driving motion of the water Supplying step, which will be 
described later, may dissolve the detergent sufficiently. As a 
result, the wash water and the detergent are Supplied to the 
laundry in the initial stage of the washing cycle and the time 
required by the washing cycle may be reduced to improve 
washing efficiency. 

I.1.2.1 Detergent Dissolution Promoting (S1735): 
In a detergent dissolution promoting step, a drum driving 

motion may be differentiated according to the type of 
laundry fabric. For example, the scrub motion may be 
implemented for cotton fabric laundry items and the step 
motion may be implemented for synthetic fabric laundry 
items. In alternative embodiments, the Scrub motion and/or 
the step motion may be implemented. 
The scrub motion bends/stretches and scrubs the laundry 

by dropping the laundry, to generate friction. Because of 
that, a human hands scrubbing-like effect can be expected 
in the initial stage of the washing cycle. However, this scrub 
motion may be implemented for fabric which is somewhat 
resistant to friction and the drum driving motion may be the 
scrub motion in the detergent dissolution promoting step of 
the cotton course. 

According to characteristics of the synthetic fabric, Syn 
thetic laundry items are lighter than the cotton laundry items 
and the synthetic laundry items have a lower percentage of 
the water than the cotton laundry items. Also, the synthetic 
laundry items have more concern for damage caused by 
friction than the cotton laundry items. Because of that, the 
step motion may be implemented in the detergent dissolu 
tion promoting step to promote the detergent dissolution and 
to prevent fabric damage. That is, a drum driving motion in 
a detergent dissolution promoting step for the synthetic 
fabric may be the step motion. The step motion applies the 
maximum dropping shock to light synthetic fabric to pro 
mote the detergent dissolution and the effect of the humans 
striking-like washing effect may be expected in the initial 
stage of the washing cycle. 
A drum driving motion of a detergent dissolution promot 

ing step in the mixture course may be combination of the 
step motion and the scrub motion. That is, the step motion 
and the scrub motion which are optimal to the cotton fabric 
and the synthetic fabric, respectively, may be combined Such 
that the detergent dissolution may be promoted and the 
washing effect may be expected in the initial stage of the 
washing cycle. In this case, the different drum driving 
motions are combined and because of that, laundry move 
ment patterns and wash water movement patterns may be 
diverse enough to improve the efficiency of the washing 
cycle. 
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I.1.2.2 Laundry Wetting (S1736): 
In the laundry wetting step of the standard course, the 

drum may be rotated in the rolling motion. The rolling 
motion generates less friction applied to the laundry than the 
above Scrub motion and the rolling motion is implemented 
in a period having the laundry wetting implemented. As a 
result, although friction is applied between the wet laundry 
items, there will be little concern of laundry damage and the 
laundry wetting step implemented in the rolling motion may 
be implemented similarly, regardless of the fabric kinds of 
the laundry. 

Regardless of whether the fabric is cotton or synthetic, the 
rolling motion may be implemented in the laundry wetting 
step. Even when the user selects any one of the cotton 
course, the mixture course or the synthetic course, the 
rolling motion may be implemented in the laundry wetting 
step after the detergent dissolution promoting step. 
The laundry wetting step may include two steps including 

first and second laundry wetting steps which are separately 
implemented. For example, when the laundry wetting step is 
implemented for 10 minutes, the first laundry wetting step 
may be implemented for 5 minutes and the second laundry 
wetting step may be implemented for 5 minutes. Specifi 
cally, additional water Supply may be implemented in the 
first laundry wetting step and the second laundry wetting 
step may be implemented once the additional water Supply 
is completed. 
Drum driving motions of the first and second laundry 

wetting steps may be differentiated to wet the laundry more 
effectively and to supply both the detergent and wash water 
to the laundry uniformly. For example, the drum driving 
motion of the first laundry wetting step may be the rolling 
motion and the drum driving motion of the second laundry 
wetting step may be a combination of the rolling motion and 
filtration motion. That is, the rolling motion may be imple 
mented at a predetermined net acting ratio in the first laundry 
wetting step. In the second laundry wetting step, after the 
filtration motion is implemented one time, the rolling motion 
is implemented four times and this composes a single cycle. 
The cycle may be repeated. 
The rolling motion continuously turns-over the laundry in 

the lower portion of the drum to increase the contact time 
between the wash water and the detergent. The filtration 
motion spreads the laundry broadly and allows the wash 
water and the detergent to be supplied to the laundry 
uniformly, Such that effective laundry wetting may be pos 
sible. It may typically take approximately 13 minutes to 
complete the laundry wetting in the tumbling motion, while 
laundry wetting may take approximately 10 minutes accord 
ing to this embodiment. 
The drum driving motion of the first laundry wetting step 

may be differentiated according to the amount of laundry. 
The drum driving motion of the first laundry wetting step 
may be differentiated according to the laundry amount 
determined in the laundry amount determining step. For 
example, if the determined laundry amount is a predeter 
mined level or more, the drum is driven in the rolling motion 
as mentioned above. If the determined laundry amount is 
less than the predetermined level, the drum may be driven in 
a combination of the step and rolling motions. 
The step motion suddenly drops the laundry after lifting. 

If the laundry amount is large, the distance of the laundry 
dropping may be reduced. Thus, the step motion is proper to 
a small amount of laundry. Such a step motion might cause 
damage to the laundry. As a result, in the cotton course, 
when the laundry amount is less than the predetermined 
level, the combination of the step motion and rolling motion 
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may be implemented in the first laundry wetting step. When 
the laundry amount is the predetermined level or more, the 
rolling motion may be implemented in the first laundry 
wetting step. In the synthetic course and the mixture course 
having a concern of laundry damage, the rolling motion may 
be implemented in the first laundry wetting step, regardless 
of the laundry amount. 

In alternative embodiments, a circulating step may be 
implemented in the water Supplying step, in relation to the 
drum driving. That is, the circulating step may be synchro 
nized with the driving of the motor configured to drive the 
drum. The wash water circulated when the laundry is moved 
by the driving of the drum may be supplied to the laundry 
and the object of the water Supplying step may be achieved 
more effectively. 
The detergent dissolution promoting step and the laundry 

wetting step are included in the water Supplying step accord 
ing to this embodiment. However, the detergent dissolution 
promoting step and the laundry wetting step could be 
provided independently from the water Supplying step. In 
this case, after the water Supply, the detergent dissolution 
promoting step or the laundry wetting step may be imple 
mented. 

I.1.3. Heating (S1741): 
A heating step may be differentiated according to the 

selected operation course in this course. For example, the 
temperature of wash water used in the heating step may be 
set different depending on the type of fabric of the laundry. 

Cotton fabric is somewhat tolerant of heat. As the tem 
perature of the wash water increases, the more the detergent 
is dissolved in the wash water and activation of the detergent 
is further promoted. As a result, when the cotton course is 
selected, the temperature of the wash water may be set to be 
approximately 60°C. in the heating step. Such a temperature 
of the wash water may be selected from a within a range 
extending from cold water up to water at approximately 95° 
C. via the option selecting part 118. As the temperature of 
the wash water increases, detergent activation may be fur 
ther promoted and the washing ability may further 
improved, further improving an effect of sterilization/bleach 
if appropriate. 

Synthetic fabric may be more subject to/less tolerant of 
heat and thus the synthetic course or mixture course aims to 
prevent the heat from damaging the laundry. When the 
synthetic course or the mixture course is selected, the 
temperature of the wash water may be set to be approxi 
mately 40°C. in the heating step. In the synthetic course or 
the mixture course, the user may be prevented from selecting 
the temperature of the wash water to be higher than 60° C. 
to prevent laundry damage. For example, when the synthetic 
course or the mixture course is selected, the temperature of 
the wash water in the heating step may have the highest limit 
of 60° C. 
A drum driving motion of the heating step may be the 

tumbling motion, regardless of the selected course. This is 
because the tumbling motion can disentangle the laundry, 
while reducing laundry damage. As a result, the tumbling 
motion may allow steam or heated-wash water to be suffi 
ciently transmitted to the laundry. 

In alternative embodiments, a circulating step may be 
implemented in the heating step. The circulating step may be 
synchronized with the driving of the drum. Since the circu 
lating step is implemented after initial heating is imple 
mented to a predetermined degree, the circulating step may 
be synchronized with the drum driving in a predetermined 
time after the initial driving of the drum starts. 
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I.1.4 Washing (S1742): 
A drum driving motion of a washing step may be a 

sequential combination of the rolling motion and/or tum 
bling motion and/or Swing motion. The drum driving motion 
of the washing step may be differentiated according to the 
selected course, because both the effect of fabric protection 
and the effect of improved washing ability are to be 
achieved. 

That is, in the case of Washing cotton fabric laundry, a 
drum driving motion configured to wash the laundry using 
a strong mechanical force may be implemented. In the case 
of Washing synthetic fabric laundry, a drum driving motion 
configured to wash the laundry by using a relatively low 
mechanical force may be implemented. The washing step 
may include one of the steps of the washing cycle, which 
requires the longest time. As a result, the washing step may 
be controlled to implement washing most efficiently. Since 
the required time of the washing step is long, the most 
laundry damage is likely to be generated in the washing step. 

Considering that, the drum may be driven in combination 
of the rolling motion and tumbling motion in the washing 
step when the cotton course is selected. The combination of 
the two different motions applies various patterns of the 
strong mechanical force to the laundry and the washing 
efficiency may be improved. That is, according to the 
characteristics of the cotton fabric, there is little concern of 
fabric damage. Because of that, the strong mechanical force 
is applied to wash the laundry and the washing effect may be 
improved more. When the cotton course is selected, a 
combination of the filtration motion and the tumbling 
motion may be implemented in a washing step, with the 
circulating step synchronized with the driving of the drum. 
Since the cotton fabric has little concern of laundry damage, 
the filtration motion may supply the wash water and the 
detergent to the laundry continuously and effectively. 

In contrast, when the synthetic course is selected, the 
drum may be rotated in a combination of the Swing motion 
and the tumbling motion in the washing step. The combi 
nation of the two different motions may improve the wash 
ing effect. The Swing motion Swings the laundry in the wash 
water gently and thus laundry damage generated by the 
friction may be minimized. In addition, the time in which the 
laundry contacts with the wash water may be increased 
enough to improve the washing effect. 
As the mixture course is provided to wash both cotton 

laundry items and synthetic laundry items together effec 
tively, the washing effect is to be improved and the laundry 
damage is to be reduced as much as possible, regardless of 
the laundry fabric type. To satisfy that, the drum driving 
motion of the washing step when the mixture course is 
selected may be a combination of the tumbling motion 
and/or Swing motion and/or rolling motion. That is, the 
Swing motion configured to prevent the fabric damage may 
be provided and the rolling motion configured to improve 
the washing ability may be provided. 

In the synthetic course and the mixture course, a circu 
lating step may be synchronized with the drum driving to 
allow both of wash water and detergent to be supplied to the 
laundry continuously. 
As mentioned above, although one of the cotton course, 

synthetic course or the mixture course is selected, the drum 
driving motions of the washing step may be controlled for a 
combination of different two motions. This is to generate 
diverse patterns of the mechanical force and the movement 
of the laundry and to improve the user's satisfaction visually. 
When a contaminant level of the laundry is selected from 

the option selecting part 118, the net acting ratio of the motor 
may be adjusted according to the selected contaminant level. 
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However, increasing the net acting ratio also increases the 
time in which the mechanical force is applied to the laundry. 
Considering that, the net acting ratio of the washing cycle 
may be differentiated according to the course selected by the 
user. That is, the net acting ratio of the cotton course may be 
larger than that of the synthetic course and mixture course. 

I.1.2 Rinsing Cycle (S1750): 
Once the washing cycle is completed, a rinsing cycle may 

start. In the rinsing cycle, rinsing steps configured to drain 
the wash water after the laundry is rinsed using Supplied 
wash water may be repeated. The rinsing step of the rinsing 
cycle in this course may be repeated three times or more. 
The wash water may be supplied for a water level of the 

rinsing cycle to be higher than a water level of the washing 
cycle. That is, the wash water may be supplied to a prede 
termined water level that is visible from the outside to 
improve the rinsing effect by using sufficient wash water. 
A drum driving motion of the rinsing cycle may be the 

tumbling motion. The tumbling motion Submerges/removes 
the laundry into/from the wash water and this may be 
repeated. The high water level together with the tumbling 
motion visually notifies the user of sufficient rinsing. The 
tumbling motion of the rinsing cycle may prevent overheat 
of the motor as well improve rinsing efficiency. That is, the 
water level of the rinsing cycle may be higher than that of 
the washing cycle and the load applied to the drum may be 
increased by the wash water accordingly. The step motion, 
scrub motion and the Swing motion repeat the rotation and 
brake of the motor. As a result, such a brake may generate 
excessive load on the motor. Also, if the water level is high, 
the load generated by the wash water may be increased. In 
the rinsing cycle having a high water level, the drum driving 
motion does not have nay Sudden brake to prevent the 
overheat of the motor. Thus, the tumbling motion configured 
to rotate the drum in the predetermined direction may be 
preferable in the rinsing cycle. 
A circulating step may be implemented in the rinsing 

cycle to circulate the wash water held in the tub into the 
drum. This may generate an effect of visual notification to 
the user of Sufficient rinsing. 

I.3. Spinning Cycle (S1770): 
Once the washing cycle and the rinsing cycle are com 

pleted, a spinning cycle configured to discharge the wash 
water from the laundry as much as possible may be imple 
mented. In a normal spinning step of the spinning cycle, the 
drum RPM may be differentiated according to the course 
selected by the user, considering the percentage of water 
content and residual wrinkling according to the type of 
fabric. 

Cotton fabric has a high percentage of water content or 
absorption, with less concern of wrinkles. Even if there are 
wrinkles generated in the cotton fabric, it is easy to remove 
the wrinkles. In contrast, the synthetic fabric has a low 
percentage of water content or absorption, with large con 
cern of wrinkles. As a result, in the cotton course, a preset 
RPM may be higher than in the synthetic course and mixture 
course, and the preset RPM may be, for example, 1000 RPM 
or more. Here, the spinning RPM may be changeable via the 
option selecting part by the user. 
The preset RPM of the synthetic course and the mixture 

course may be set to be 400 to 600 RPM. Even when 
spinning synthetic laundry items at a low RPM, the wash 
water may be discharged from the synthetic laundry items 
enough and wrinkles may be prevented. In this case, the 
spinning RPM may be changeable via the option selecting 
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part by the user. In certain embodiments, the spinning RPM 
is set to a maximum of 800 RPM. 

J. Course J (Wool Course): 
A washing course provided according to a type of fabric 

of the laundry may also include a wool course, rather than 
the cotton course, synthetic course and mixture course. The 
wool course is applied to laundry having less contaminants 
and a large concern for fabric damage. That is, the wool 
course may be provided to wash wool fabric laundry items 
which are hand washable. If washed using the strong 
mechanical force, the wool fabric laundry items are likely to 
be damaged. As a result, in the wool course, the drum is 
driven in a predetermined motion having a weak mechanical 
force, for example, the Swing motion. Considering charac 
teristics of the wool fabric, drum driving motions of a 
washing cycle, a rinsing cycle and spinning cycle of the 
wool course may be different from the drum motion of the 
standard course. 

J.1. Washing Cycle: 
In the wool course, it is important to prevent fabric 

damage and the drum may be driven in the Swing motion 
configured to move the laundry rightward and leftward in a 
lower portion of the drum gently, in a washing cycle of the 
wool course. In this case, a water level may be high enough 
to allow a water level of the drum inside to be visible from 
outside. Because of that, the friction between the inner 
circumferential surface of the drum and the laundry may be 
minimized and the lifts touching of the laundry may be 
repeated, rotating the laundry Submerged in the wash water, 
and this prevents damage to the laundry and it allows 
washing or rinsing to be implemented Softly. This Swing 
motion may minimize damage to the laundry and increase 
the time of contact with the wash water and the detergent 
with the laundry to improve the washing effect. 

The wool course is shown in FIG. 18. A washing cycle of 
the wool course is selected (S1810). In an initial stage of the 
washing cycle (S1830), wash water and detergent may be 
Supplied to the tub or the drum, that is, a water Supplying 
step (S1833) may be implemented. The water supplying step 
may include a detergent dissolution promoting step (S1835) 
and a laundry wetting step (S1836). The detergent dissolu 
tion promoting step is configured to promote detergent 
dissolution implemented in an initial stage of the water 
Supplying step and the laundry wetting step is configured to 
wet the laundry enough to prepare a washing step after the 
water Supplying is completed. The laundry wetting step may 
be implemented after or before the water supplying is 
completed. 
The detergent used in the wool course may be neutral 

detergent and typically a liquid type which may not require 
as much time to be dissolved in the wash water as a powder 
type. Considering that, the detergent is Supplied to the 
laundry in the initial stage of the water Supplying, together 
with the wash water. Once the water supply starts, wash 
water is Supplied to the liquid detergent held in a detergent 
box. The wash water and the liquid detergent are supplied 
together to the tub or the drum. To supply the wash water and 
the liquid detergent to the laundry more quickly, the wash 
water and the liquid detergent mixed with each other may be 
sprayed onto the laundry located in the drum. For more 
effective detergent dissolution, a circulating step configured 
to supply the wash water held in the tub to the upper portion 
of the drum may be implemented. 
The drum may be driven in the Swing motion and then a 

gentle Vortex is generated in the wash water Such that the 
detergent dissolution may be promoted, while simultane 
ously preventing laundry damage. Once the water Supply is 
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completed, the Swing motion and the circulating step may be 
implemented together to prepare for the washing step. This 
may be considered a type of laundry wetting step. 
Once the detergent dissolution promoting step and the 

laundry wetting step are completed, a heating step (S1841) 
configured to heat the wash water may be implemented if 
necessary. However, the temperature of the wash water in 
the heating step my be controlled not to exceed 40° C. Heat 
generated if the temperature of the wash water is heightened 
too much will deform the laundry and damage wool fabric 
laundry. The temperature of 40° C. generates no thermal 
deformity and promotes activation of the detergent and wash 
water absorption into the laundry. 
A drum driving motion of the washing step (S1842) may 

be the Swing motion. The washing step requires the longest 
time out of the steps of the washing cycle and, in order to 
prevent laundry damage in the washing step, the Swing 
motion is used in the washing step. If mechanical force 
application and stopping are applied to the wool fabric 
laundry repeatedly, fabric damage may be generated. Such 
mechanical repetition generates contraction of wool fabric. 
To prevent the contraction, the Swing motion may be imple 
mented in the washing step continuously. 
As mentioned above, the Swing motion drives the drum by 

using the rheostatic braking and it may not apply much load 
to the motor. In addition, the Swing motion may have drum 
driving configured to reciprocate between right and left less 
than 90° C. As a result, a large load is not required to lift the 
laundry. If the drum were to be driven in the scrub motion 
and the step motion continuously, excessive load may be 
applied to the motor. In the tumbling motion, a smaller load 
may be applied to the motor than in the scrub motion and the 
step motion, but the laundry is lifted and dropped to generate 
fabric damage. Considering this, the Swing motion is imple 
mented in the washing step. 

J.2 Rinsing Cycle (S1850): 
Once the washing cycle is completed, a rinsing cycle may 

be implemented. First, a medium spinning may be imple 
mented. After the medium spinning, wash water is Supplied 
to start rinsing and the rinsing cycle is implemented several 
times if necessary. That is, after the water Supplying and 
rinsing, water draining may be repeated. Typically, medium 
spinning is implemented in the middle of the water Supply 
ing after water draining. 
The medium spinning disentangles the laundry at a rela 

tively low rotation speed. Medium spinning includes an 
intermediate-spinning configured to disentangle the laundry 
at a relatively low rotation speed, while sensing vibration, 
and a main-spinning configured to spin the laundry at a 
relatively high rotation speed for a predetermined time. The 
intermediate-spinning may be implemented at approxi 
mately 100 RPM and the main-spinning may be imple 
mented at approximately 200 RPM (low resonance fre 
quency) or more. 

However, when the wool course is selected, the medium 
spinning may be omitted. The medium spinning is a process 
of discharging the wash water from the laundry by centrifu 
gal force and a tensile force may be generated in the laundry 
inevitably. Because of that, wool fabric laundry which is 
Subject to external force may be subject to damage in the 
spinning cycle. To relieve Such a concern, the medium 
spinning may be omitted. For example, the main-spinning of 
the medium spinning is omitted and only the intermediate 
spinning may be implemented. If all of the process of 
discharging the wash water by the centrifugal force is 
omitted, the rinsing ability may be deteriorated remarkably. 
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Considering the rinsing ability and the laundry damage, only 
the intermediate-spinning may be implemented and the 
main-spinning may be omitted. 
The series of the rinsing step including the water Supply 

ing and draining may be implemented three times or more, 
because detergent remnants have to be sufficiently dis 
charged from the laundry. The water level of the rinsing may 
be higher than the water level of the washing step and a 
circulating step may be implemented in the rinsing. When 
the liquid detergent is used, it is generally possible to 
discharge the detergent remnants sufficiently because of 
rinsing step is implemented two times and the medium 
spinning. However, in case of this course, the main-spinning 
of the medium spinning is omitted to prevent the laundry 
damage and the rinsing step may be implemented three 
times to achieve the desired rinsing effect. 
A drum driving of the rinsing step may be the Swing 

motion to prevent laundry damage. The Swing motion gently 
Swings the laundry in the wash water and allows detergent 
remnants absorbed in the laundry to be discharged into the 
wash water, Such that rinsing efficiency may be enhanced. 

J.3 Spinning Cycle (S1870): 
Once the rinsing cycle is completed, a spinning cycle may 

start. The spinning cycle is similar to the spinning cycle of 
the standard course described above, the drum RPM of the 
normal spinning step may be set to be 800 RPM or less to 
protect the wool fabric of the laundry. 

K. Course K (Delicate Course): 
A washing course provided according to the type of fabric 

of the laundry may include a delicate course as shown in 
FIG. 19 to wash laundry items made of delicate fabric such 
as silk, plastic fabric, laundry items having metal accessories 
attached thereto and other such delicate articles. A drum 
motion having a relatively weak mechanical force, for 
example, the Swing motion, may be implemented to wash 
the delicate laundry gently in the delicate course, similar to 
in the wool course. As a result, taking characteristics of the 
delicate fabric into consideration, drum driving motions of 
a washing cycle, a rinsing cycle, and a spinning cycle of the 
delicate course may be different from the drum driving 
motions of the standard course. 

K. 1 Washing Cycle (S1930): 
Similar to the wool course, the delicate course is selected 

(S1910) and the drum is driven in the swing motion in a 
washing cycle (S1930) of the delicate course and wash water 
is supplied (S1933) to a relatively high water level. Also, a 
detergent dissolution promoting step (S1935) may be similar 
to the detergent dissolution promoting step of the wool 
course, because liquid type detergent is generally used to 
wash the delicate fabric laundry items in the delicate course, 
like in the wool course. However, after the detergent disso 
lution promoting step, a laundry wetting step (S1936) may 
be different from the laundry wetting step of the wool 
course. The wool fabric has relatively good water absorption 
ability in comparison to the delicate fabric, and the delicate 
fabric is more subject to heat damage in comparison to the 
wool fabric. Because of that, the temperature of the wash 
water used to wash the delicate fabric may be set to be 
approximately 30°C. Although cold water could be selected, 
a temperature higher than 40°C. is generally not selected. 
The laundry wetting may be implemented effectively 

using the filtration motion in the laundry wetting step. A 
circulating step may also be implemented. After spin-driving 
the drum and distributing the laundry uniformly inside the 
drum to broaden the surface area of the laundry, the circu 
lating step circulates the wash water held in the tub toward 
the laundry. In addition, the Swing motion is implemented to 
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Submerge the laundry in the wash water and to generate 
gentle movement of the laundry to promote laundry wetting. 
The filtration motion and the Swing motion are repeated in 
various patterns to promote laundry wetting. However, the 
drum driving motion of the laundry wetting step may be only 
the Swing motion. 
Once the laundry wetting is completed, a washing step 

may start (S1942). A drum motion of the washing step may 
be the Swing motion. The delicate fabric may be more 
resistant to the external shock, compared with the wool 
fabric. To achieve more effective washing efficiency, the 
drum motion of the washing step may be a combination of 
the Swing motion and the tumbling motion, with a relatively 
high wash water level. 

Alternatively, only the tumbling motion may be imple 
mented in the washing step. In this case, the dropping 
laundry is collided against the Surface of the wash water, not 
the inner bottom surface of the drum because of the high 
water level. That means the dropping distance is reduced. 
While the shock applied to the laundry is reduced by the 
high water level, a Vortex is generated in the wash water to 
improve the washing effect. Since such the laundry has 
relatively low contamination, the time of the washing step 
may be set to be relatively short and the net acting ratio may 
be set to be relatively low. Although only the tumbling 
motion is implemented, it is possible to prevent laundry 
damage. A circulating step may also be implemented in the 
washing step. 

K.2 Rinsing Cycle (S1950): 
Once the washing cycle is completed, a rinsing cycle may 

start. As mentioned above, the liquid type detergent may be 
used in the delicate course and detergent remnants may be 
Sufficiently discharged by the rinsing step implemented two 
times. Like the wool course, a medium spinning may be 
omitted in the delicate course. For example, an intermediate 
spinning is not omitted and only a main-spinning may be 
omitted. A drum motion of the rinsing cycle may be only the 
tumbling motion. Such the tumbling motion has the effect of 
laundry distribution. That is, the tumbling motion allows the 
surface area of the laundry to contact the wash water 
uniformly and discharge detergent remnants outside. In this 
case, a wash water level may be relatively high. The Swing 
motion may be added to the tumbling motion in the rinsing 
cycle. 

K.3 Spinning Cycle (S1970): 
Once the rinsing cycle is completed, a spinning cycle may 

start. The spinning cycle of this course may be similar to that 
of the wool course. The drum RPM of a normal spinning 
step may be set not to exceed 800 RPM. The delicate fabric 
has a low percentage of water content/absorption and wash 
water may be discharged sufficiently even when the drum is 
rotated at a relatively low RPM in the normal spinning step. 
Also, the normal spinning may be implemented at a rela 
tively low RPM to prevent fabric damage generated by 
spinning. 

L. Course L (Sportswear Course): 
A sportswear course shown in FIG. 2D may be provided 

in the washing course categorized based on the type of fabric 
of the laundry will now be described. The sportswear course 
may be provided to wash laundry items made of functional 
fabric having good air permeability and good perspiration 
absorbing function such as mountain-climbing clothes, jog 
ging Suits and sportswear. Like the wool course or delicate 
course, a drum motion having a weak mechanical force, for 
example, the Swing motion, may be implemented in the 
sportswear course. Because of that, considering character 
istics of sportswear fabric, drum motions of washing, rinsing 
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and spinning cycles provided in the sportswear course may 
be different from the drum motions of the standard course. 
Once the sportswear course is selected (S2010), the washing 
cycle (S2030), rinsing cycle (S2050) and the spinning cycle 
(S2070) may be implemented like the wool course and the 
delicate course. However, because of the characteristics of 
the sportswear, the washing cycle of the sportswear course 
may be different from the washing cycle of the other courses 
described above. 

L. 1 Washing Cycle (S2030): 
Sportswear has hydrophobic characteristics which pre 

vent moisture from permeating into fabric easily. As a result, 
compared with other kinds of fabrics, the sportswear fabric 
has a low percentage of water content/absorption and thus 
water may be supplied to the sportswear fabric sufficiently 
and continuously in the washing cycle. For that, a drum 
driving motion of the washing cycle (S2030), especially, a 
water supplying step (S2033) provided in the washing cycle, 
may be different from the drum motion of the washing cycle 
in the other courses. 

First, in this course, a drum driving motion of a detergent 
dissolution promoting step (S2035) may be the scrub motion 
and/or the step motion. The sportswear fabric has little 
concern of fabric damage, compared with the wool or 
delicate fabric, so the sportswear course may use the drum 
driving motion capable of applying a stronger mechanical 
force than the Swing motion. 
A laundry wetting step (S2036) of the sportswear course 

may be different from the wool course and the delicate 
course. Although it can prevent laundry damage, the Swing 
motion fails to Supply enough wash water to a folded portion 
of the laundry due to the hydrophobic characteristics of the 
sportswear fabric. Considering this, the filtration motion 
(including a circulating step) may be implemented in the 
laundry wetting step of the sportswear course. The filtration 
motion distributes the laundry inside the drum uniformly 
and Supplies the wash water to the laundry uniformly. 
Together with the filtration motion, the rolling motion con 
figured to turn over the laundry continuously may be imple 
mented. 

L.2 Rinsing Cycle (S2050): 
A rinsing cycle of this course may similar to the rinsing 

cycles of the standard course, the wool course and the 
delicate course, and thus further detailed description thereof 
will be omitted. 

L.3 Spinning Cycle (S2070): 
A spinning cycle of this course may similar to the spin 

ning cycles of the standard course, the wool course and the 
delicate course, and thus further detailed description thereof 
will be omitted. 
M. Course M: 
In the washing machine according to the second embodi 

ment described above with respect to FIG. 2, the tub is 
directly fixed to the cabinet and the drum is provided in the 
tub. According to the second embodiment, the tub is fixed 
and only the drum vibrates. As a result, it is important to 
prevent the drum from contacting the tub when the drum is 
rotated and the distance between the tub and the drum may 
be larger than the distance in the washing machine according 
to the first embodiment shown in FIG. 1. 
When the distance between the tub and the drum is large, 

the laundry loaded in the drum may not be wet sufficiently 
by the wash water supplied to the inside of the tub. Because 
of that, when the water is Supplied in the washing machine 
according to the second embodiment, a circulating pump is 
put into operation to wet the laundry efficiently and the wash 
water supplied to the tub may be circulated. For example, the 
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circulating pump may be continuously driven or driven at a 
predetermined interval, with the water supply valve being 
open. 

In the washing machine according to the second embodi 
ment, the drum is connected with the tub back 230. How 
ever, the tub back 230 is supported by the suspension unit 
via the bearing housing 400, not by the tub. Because of that, 
compared with the washing machine according to the first 
embodiment which includes the tub back directly connected 
to the tub to support the load of the drum, the degree of 
freedom of the drum provided in the washing machine 
according to the first embodiment may be relatively large 
and the front portion of the drum may have an increased 
degree of freedom. 

However, when the water is supplied to the tub, a water 
Supply line and a circulation line are used to supply the wash 
water from the front portion of the tub. As a result, the 
laundry located in the front portion of the drum would be 
wet first and the load on the front portion of the drum is 
larger than the load on the rear portion. This may cause the 
front portion of the drum to move downward. If the front 
portion of the drum moves downward, noise and vibration 
may be increased during rotation of the drum and may cause 
the drum to contact the inner surface of the tub. As a result, 
in the washing machine according to the second embodi 
ment, the laundry located in the front portion and the rear 
portion of the drum should be wet uniformly when water is 
supplied to the laundry. Course M is referred to as a washing 
course applicable to the washing machine according to the 
second embodiment, namely, a standard course of the wash 
ing machine according to the second embodiment. This 
course will be described in reference to FIG. 21. 
M. 1 Washing Cycle (S2130): 
FIG. 21 is a flowchart of Course M. Once the user selects 

this course from the course selecting part (S2110), the 
control part may implement the following series of pro 
CCSSCS. 

The washing cycle may include a laundry amount deter 
mining step (S2131), a water supplying step (S2133), a 
laundry wetting step (S2135), a heating step (S2137) and a 
washing step (S2139). In the following description, the 
laundry wetting step is described as an independent step 
separated from the water Supplying step. However, the 
laundry wetting step may be included in the water Supplying 
step. 

M.1.1 Water Supplying (S2133): 
After sensing the amount of laundry in the washing cycle, 

a water Supplying step may start. A laundry determining step 
of the water supplying step is described in detail in the above 
courses and thus further detailed description thereof will be 
omitted. 
The control part supplies wash water to the inside of the 

tub in the water Supplying step. Specifically, the control part 
opens the water Supplying valve to Supply wash water to the 
tub via the water supply line and the detergent box. As 
follows, when the wash water is supplied to the laundry in 
the washing machine according to the second embodiment, 
embodiments of water Supplying methods capable of wet 
ting the laundry located in the front portion and the rear 
portion of the drum uniformly will be described. 

According to a water Supplying method according to a 
first embodiment, when the water Supplying step Supplies 
water, the circulating pump is put into operation to circulate 
the wash water and the drum is put into operation simulta 
neously. The control part may drive the drum in the scrub 
motion of the drum motions described above. 
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In the washing machine according to the second embodi 
ment, the distance between the drum and the tub is larger 
than the distance between the tub and the drum in the first 
embodiment. Thus, in the second embodiment, if the drum 
is driven in the tumbling motion (as in the first embodiment) 
during the water Supplying step, the laundry located in the 
rear portion of the drum fails to be wet uniformly. That is, 
since the gap between the drum and the tub is larger, the 
wash water between the drum and the tub fails to be lifted 
by the rotation of the drum in the tumbling motion and 
especially, the laundry located in the rear portion of the drum 
fails to be wet. 
As a result, in the water Supplying step of this course, the 

scrub motion is implemented instead of the tumbling 
motion. As mentioned above, the scrub motion rotates the 
drum at a higher RPM (compared with the tumbling 
motion), and the wash water located between the drum and 
the tub may be lifted by the rotation of the drum and then 
dropped onto the laundry. 

In particular, if the rear portion of the drum and the tub are 
tilted downward in the washing machine according to the 
second embodiment, the wash water located at the rear 
portion of the tub may be supplied to the surface area of the 
laundry by the scrub motion. The scrub motion rotates the 
drum in the clockwise/counter-clockwise direction, revers 
ing the rotation direction Suddenly. As a result, the Sudden 
reversed-rotation of the drum generates a Vortex in the wash 
water and the laundry located in the front and rear portions 
of the drum may be wet uniformly. 
When the water supply valve is open to supply the wash 

water, the drum is driven and rotated and the laundry is 
moved inside the drum according to the driving of the drum. 
In this case, the wash water Supplied via the water Supply 
line connected to the front portion of the drum may be 
mostly supplied to the laundry moved in the front portion of 
the drum. The laundry located in the front portion of the 
drum is wet earlier, compared with the laundry located in the 
rear portion of the drum. As a result, according to the second 
embodiment of the water Supply method, the drum may not 
be driven until a predetermined time passes after the water 
Supply valve is open for the water Supply, or until the water 
level reaches a predetermined level. When the drum is not 
driven for the predetermined time or until the wash water 
reaches the predetermined level, the wash water supplied via 
the water supply line may be held in the lower portion of the 
tub. The predetermined water level may be determined in 
consideration of the gap between the tub and the drum and 
the predetermined time may be determined according to the 
capacity of the tub and the drum and the amount of the 
laundry. 

In particular, if the rear portion of the tub provided in the 
washing machine according to the second embodiment is 
tilted downward, much wash water may be collected in the 
rear portion of the tub. Hence, after a predetermined time 
passes, the drum is driven and rotated and the wash water 
held in the rear portion of the tub may wet the laundry 
located in the rear portion of the drum uniformly. When the 
drum is driven in the washing machine according to the 
second embodiment, a drum motion may be the tumbling 
motion or the scrub motion. 
When the water supply valve is open for the water supply 

according to the second embodiment, without driving the 
drum, on/off of the water supply valve may be controlled. 
That is, when the water Supply valve is open to Supply the 
water, the wash water may have a predetermined pressure 
because of the pressure of an external water Supply source 
Such as a tap and then the wash water Supplied along the 
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water supply line may be supplied to the front portion of the 
drum by the water pressure, such that the laundry located in 
the front portion of the drum may be wet earlier. 
As a result, during the water Supply in the second embodi 

ment, the water supply valve is repeatedly controlled to be 
on and off, not open continuously, and then the Supplied 
wash water may be controlled to be on and off to have a 
predetermined water pressure enough not to be supplied to 
the drum directly. The pressure enough not to be supplied to 
the drum directly means a water pressure which enables the 
water Supplied via the water Supply line to fall along the 
drum, tub or door to be collected in the lower portion of the 
tub, not sprayed into the drum directly. The water falling 
along the drum, tub or door may be collected in the rear 
portion of the tub and description of the wash water col 
lected in the tub is similar to the second embodiment, such 
that repeated description may be omitted. 
When the laundry inside the drum is entangled during the 

water Supplying step, the laundry may be wet partially. In 
particular, the laundry located in a center of a lump of the 
entangled laundry may not be wet and only the laundry 
located in a surface area of the lump may be wet. If only 
Some of the laundry is wet, washing cannot be implemented 
in the washing cycle and a washing ability may be deterio 
rated. As a result, the control part may drive the drum in the 
filtration motion to wet the laundry uniformly if the laundry 
is entangled. 

That is, the control part opens the water supply valve for 
the water Supply and it drives the circulating pump to 
circulate the wash water simultaneously. Also, the control 
part rotates the drum at a predetermined RPM. The prede 
termined RPM is determined to be a RPM enabling the 
laundry not to be dropped by the gravity but to be in close 
contact with the inner surface of the drum during the rotation 
of the drum. As a result, the predetermined RPM may be set 
for the centrifugal force generated by the rotation of the 
drum to be larger than the gravity acceleration when the 
drum is rotated. In addition, the predetermined RPM may be 
set to be lower than an over speed area (approximately 200 
RPM to 35 RPM) which generates resonance in the washing 
machine. If the drum is rotated at a higher RPM than the 
over speed area, the noise and vibration may be increased 
remarkably by the resonance. As a result, the predetermined 
RPM may be set to be approximately 100 RPM to 170 RPM 
in this control method. 
As a result, once the control part rotates the drum at the 

predetermined RPM, the laundry may be in close contact 
with the inner surface of the drum due to the centrifugal 
force. The wash water supplied via the circulation line and 
the water supply line may be distributed along the rotation 
of the drum. The distributed wash water may be supplied to 
the drum and to the laundry in close contact with the inner 
surface of the drum, such that the laundry may be uniformly 
Wet. 

M.1.2 Laundry Wetting (S2135): 
After the water Supplying step, the control part may start 

a laundry wetting step. In the laundry wetting step, the 
control part turns off the water supply valve. The control part 
drives the drum and the wash water is circulated, while 
driving the circulation pump. Although the laundry wetting 
is implemented in the water Supplying step, the water Supply 
valve is off in the laundry wetting step and the laundry 
wetting may be implemented by the driving of the drum. 

In the laundry wetting step of this course, the control part 
drives the drum to implement the laundry wetting. In this 
case, the control part may drive the drum in the rolling 
motion. Since the rolling motion rolling-moves the laundry 
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inside the drum along with the rotation of the drum, the wash 
water contacts the laundry frequently and the laundry wet 
ting may be implemented Smoothly. 
When implementing the laundry wetting step, the control 

part classifies the laundry wetting step into first and second 
laundry wetting steps. The first and second laundry wetting 
steps may be driven according to drum motions of the 
drum/that is, the control part may control the drum motions 
of the first and second laundry wetting step to be different 
from each other. Operating the circulating pump is as 
follows. 

Specifically, in the first laundry wetting step, the control 
part may drive the drum in one of the rolling and/or step 
motions. The selection of the drum driving motions may be 
determined according to the laundry amount. That is, if the 
amount of the laundry inside the drum is less than a 
predetermined reference value, for example, if the laundry 
amount is Small, the control part may drive the drum 
according to the step motion. If the laundry amount is the 
reference value or more, the control part may drive the drum 
according to the rolling motion. 
As mentioned above, if the laundry amount is Small, the 

laundry dropping effect of the step motion may be improved. 
As a result, if the laundry amount is small in the first laundry 
wetting step, the step motion drops the laundry with the 
maximum dropping distance to allow the water absorbed in 
the laundry. In the meanwhile, if the laundry amount is large 
in the first laundry wetting step, the rolling motion is 
implemented. This is because the laundry dropping distance 
of the step motion is not relatively large in case of the large 
amount of the laundry. 

Hence, in the second laundry wetting step, the control part 
may drive the drum at a predetermined RPM enabling the 
laundry to be in close contact with the inner surface of the 
drum, not dropped by the gravity, that is, according to the 
filtration motion. Eventually, the drum is rotated at the 
predetermined RPM and the laundry may be in close contact 
with the inner surface of the drum due to the centrifugal 
force. The wash water Supplied by the circulating pump is 
supplied to the laundry attached to the inner surface of the 
drum uniformly and thus the laundry may be wet uniformly. 

In the second laundry wetting step, the control part may 
implement another drum driving motion after the filtration 
motion. For example, the control part may implement the 
rolling motion after the filtration motion. In this case, the 
filtration motion distributes the laundry to supply the wash 
water to the laundry and the rolling motion rolling-moves 
the laundry to wet the laundry in the wash water uniformly. 
M. 1.3 Heating (S2137): 
After that, the control part starts a heating step. Specifi 

cally, the control part drives the drum according to one of the 
tumbling and/or rolling and/or Swing motions in the heating 
step, with driving the heater provided in the tub to heat the 
wash water held in the tub. 

In the washing machine of the second embodiment, the 
gap between the drum and the tub is larger than the gap of 
the first embodiment. Because of that, when the wash water 
is heated by driving the heater, the drum is rotated and only 
the wash water held in the tub is heated, not the wash water 
held in the drum. As a result, compared with the heated wash 
water, contaminants of the laundry may not be removed 
smoothly in a washing step, which will be described later, 
because of the relatively low temperature of the laundry. 

Because of that, the control method applied to the wash 
ing machine according to the second embodiment drives the 
circulating pump in the heating step, to circulate the wash 
water. The heated-wash water held in the tub is re-supplied 
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to the top portion of the tub by the circulating pump Such that 
the laundry may be heated. However, in the heating step, the 
circulating pump may be intermittently driven at a prede 
termined interval, not continuously driven. In particular, in 
the heating step, the circulating pump may be controlled so 
that the off-time of the circulating pump is longer than the 
on-time. If the circulating pump is driven continuously in the 
heating step or if the on-time of the circulating pump is 
longer than the off-time, the wash water not heated to the 
predetermined temperature would be circulated and the 
wash water may not be heated to the desired temperature. 

If the heater is provided in the tub, it is important to drive 
the heater when not exposed out of the water surface. If the 
heater is driven while exposed, too much load is applied on 
the motor and the heater may malfunction. As a result, if the 
heater is driven in the heating step, a predetermined water 
level distant from the heater (hereafter, reference water 
level) may be maintained in the heating step. That is, when 
the water level is less than a reference level in the heating 
step, the control part turns off the heater. When the water 
level increases to the predetermined level or more by the 
re-water-supply, the control part turns on the heater again 
(hereinafter, cut off). 

However, if the heating step uses the cut-off method in the 
washing machine according to the second embodiment, too 
much load may be applied to the heater and a variety of 
circuits and washing machine usage life may be reduced. 

That is, the heating step of the washing machine accord 
ing to the second embodiment drives and heats the heater, 
while driving circulating pump simultaneously as mentioned 
above. As a result, the water level inside the tub may not be 
maintained regularly by the driving of the circulation pump 
but may vary to a predetermined degree continuously. In this 
case, the water level inside the tub is varied enough to be 
lowered below the reference water level. Especially, if the 
water level inside the tub is varied beyond the reference 
level, the heater may be turned on if the water level is 
beyond the reference level and turned off if the water level 
is below the reference value, such that on/off of the motor 
may be repeated continuously. The repeated on/off of the 
heater may apply too much load to the heater and the variety 
of the circuits and it may reduce usage life. 
As a result, if the water level inside the tub is decreased 

to reach the reference level during the driving of the motor 
in the heating step of the washing machine according to the 
second embodiment, water re-supply may be implemented 
to prevent repeated on/off of the heater. Specifically, when 
the water level inside the tub is decreased below the refer 
ence level in the heating step, the control part stops the 
driving of the drum and turns off the circulating pump. At 
this time, additionally, the water Supply valve is open to 
implement water re-supply. The reason why the drum and 
the circulating pump are turned off is that it is difficult to 
sense an accurate water level due to the varying water level 
when the drum and the circulating pump are driven. By 
extension, it is possible to turn off the motor. In the mean 
while, the water re-supply may be implemented for a pre 
determined time or until the water supply is implemented for 
the water level to reach the reference level or beyond the 
reference level by the water level sensing. A specific water 
level of the water re-supply may be differentiated according 
to the kind of course selected in the initial stage of heating. 

M.1.3 Washing (S2139): 
After the heating step, the control part may implement a 

washing step configured to drive the circulating pump, while 
driving the drum. In the washing step, a drum driving motion 
of the drum may be properly selected out of the drum 
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motions according to the course selected by the user. For 
example, a drum driving motion of the washing step may be 
determined, similar to one of the washing steps provided in 
the above courses. The circulating pump may be driven at a 
predetermined interval to circulate the wash water held in 
the tub. 
M.2 Rinsing Cycle (S2150): 
Once the washing cycle is completed after the above 

steps, the control part may start a rinsing cycle. The general 
rinsing cycle may include a rinsing-spinning step, a water 
Supplying step, a drum driving step and a water draining 
step. First, the control part starts the rinsing-spinning, rotat 
ing the drum at a second rotation speed (RPM 2) (S2151), 
in the rinsing-spinning step, to remove moisture and deter 
gent remnants remaining in the laundry, while rotating the 
drum at approximately 500 RPM to 700 RPM. The control 
part stops the drum and opens the water Supply valve, to 
Supply rinsing-water to the tub. The rinsing water level may 
be preset according to the course selected by the user or 
according to the user's manual setting. 

After the water supply, the control part drives the drum at 
a first rotation speed (RPM1) at a predetermined interval. In 
the drum driving step, the control part controls a drum 
driving motion of the drum and removes detergent from the 
laundry. The control part of this step may control the drum 
to be one of the tumbling and/or step and/or scrub and/or 
rolling and/or Swing motions described above. 

Hence, the control part stops the driving of the drum and 
drives the water drainage pump to drain the rinsing water 
held in the tub to the outside (S2153). 

The rinsing-spinning cycle, water Supplying step, water 
Supplying step, drum driving step and draining step 
described above may compose a single cycle of the rinsing 
cycle. The control part may implement the cycle one time or 
several times according to the selected course or the user's 
selection. However, the single cycle of the rinsing cycle may 
include the rinsing-spinning step. The second rotation speed 
of the rinsing-spinning step may correspond to approxi 
mately 500 RPM to 700 RPM, as mentioned above, and the 
rotation speed of Such the rinsing-spinning may correspond 
to the over speed area (approximately 200 RPM to 350 
RPM) which generates resonance of the washing machine. 
As a result, if the laundry located in the drum is not 

distributed uniformly, a laundry distributing step configured 
to distribute the laundry may be implemented and after that, 
the drum speed may be accelerated for the rinsing-spinning. 
The laundry distributing step repeatedly rotates the drum at 
the predetermined RPM in the clockwise and/or counter 
clockwise direction. After the laundry distributing step, an 
eccentricity level of the drum is identified. If the eccentricity 
level of the drum is less than a predetermined value, the 
rinsing-spinning may be implemented. If the eccentricity 
level is the predetermined value or more, the laundry dis 
tributing step may be repeated. As the laundry distributing 
step is implemented before the rinsing-spinning step, the 
time of the rinsing cycle may be increased. In particular, as 
the laundry distributing step is repeated, the time of the 
rinsing cycle may be increased noticeably and the time 
consumed by the rinsing cycle cannot be predicted accu 
rately. 
As follows, to solve the above problem, a control method 

of the rinsing cycle capable of reducing the overall time 
consumed by the rinsing cycle will be described. 
As shown in FIG. 21, the rinsing cycle of the washing 

machine according to the second embodiment may include 
a washing water Supplying step, a drum driving step (S2151) 
and a water draining step (S2153). Compared with the first 
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embodiment, the rinsing cycle according to the second 
embodiment omits a rinsing-spinning step. Since the rins 
ing-spinning cycle is omitted, the time of the rinsing cycle 
may be reduced as much as the time of the rinsing-spinning 
step and the laundry distributing step may not be necessary, 
thus preventing noticeably increased time of the rinsing 
cycle caused by the repetition of the laundry distributing 
step. Although omitting the rinsing-spinning step reduces 
the time of the rinsing cycle, the rinsing-spinning step 
configured to remove detergent remnants by rotating the 
laundry at the relatively high speed is omitted and then it 
would be difficult to remove the detergent remnants suffi 
ciently. 
As a result, in the control method of the rinsing cycle 

according to the second embodiment, the drum is rotated at 
the second rotation speed (RPM 2) for approximately 1 to 3 
minutes, and not stopped in the water draining step. The 
second rotation speed is determined to be a predetermined 
speed that allows the laundry to be attached to the inner 
Surface of the drum due to gravity, and not dropped, during 
the rotation of the drum. The second rotation speed may be 
set for the centrifugal force generated by the rotation of the 
drum to be larger than the gravity acceleration. Also, the 
second rotation speed may be set to be lower than the over 
speed area of the washing machine. If the drum is rotated 
over the over-speed area, the resonance may increase the 
noise and the vibration remarkably. As a result, the second 
rotation speed may be set to be approximately 100 to 170 
RPM. 

Eventually, the draining step rotates the drum at the 
predetermined speed and thus the laundry may be in close 
contact with the inner surface of the drum due to the 
centrifugal force so as to remove detergent remnants from 
the laundry. Compensating for the omitted rinsing-spinning 
step, the draining step rotes the drum at the second rotation 
speed to prevent deterioration of the rinsing ability. 

In the step of rotating the drum at the second rotation 
speed (the predetermined speed that allows the laundry to be 
in close contact with the inner surface of the drum), if the 
water held in the tub is drained, all of the draining steps may 
be implemented before the rinsing cycle. That is, even if the 
water is drained in the washing cycle, the step of rotating the 
drum at the predetermined RPM may be implemented. 
M.3 Spinning Cycle (S2170); 
A spinning cycle of this course may be similar to the 

spinning cycles of the other courses, for example, the 
spinning cycle of Course A. Thus, further detailed descrip 
tion thereof will be omitted. 

Course M described above may be applied to the washing 
machine according to the second embodiment. However, 
Course M may also be applied to the washing machine 
according to the first embodiment. That is, Course M may be 
applicable to any of the washing machines according to the 
first and second embodiments. 

N. Time Management Option: 
A time management option will now be described. Gen 

erally, once a specific course is selected, an operation of the 
selected course starts based on a preset algorithm and the 
operation finishes in a predetermined amount of time. The 
operation time required to implement the course may be to 
the total of the times required by the individual cycles 
composing the course. This total operation time may be 
displayed on the display part 119. 

In certain circumstances, the operation time may be too 
long. For example, if the user has to leave in 1 hour and the 
preset operation time is 1 hour and 20 minutes, the operation 
time is 20 minutes longer than desirable to the user. In 
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contrast, severe contamination may make the washing 
operation implemented for 1 hour and 20 minutes not 
sufficient to wash the laundry. To solve the problem, a 
washing machine and control method thereof capable of 
managing time are provided. 
The washing machines described above may include a 

time management option provided to manage time. That is, 
the operation time of a specific course may be increased or 
decreased via the option part. Specifically, the user may 
select a time save option from the time manage option. 
Alternatively, the user may select an intensive option via the 
time manage option. If no such options are selected, the 
operation may be implemented according to the preset 
course. This time manage selection may be implemented 
before the washing cycle starts and after selecting the 
operation course. 

For example, when the user selects the time save option 
if the operation time of the cotton course is 120 minutes, the 
required operation time may be reduced to, for example, 100 
minutes. When the user selects the intensive option, the 
operation time may be increased to 140 minutes to ensure 
Sufficient cleaning of heavily contaminated laundry items. 
There may be a predetermined difference between the preset 
time and the actually required time. 

The required time of the washing cycle and/or the rinsing 
cycle may be changeable according to the selection of the 
time save option. That is, the cycle whose required operation 
time is changed/adjusted may be different depending on the 
selected course. For example, in case of the cotton course, 
the synthetic course and the mixture course, it is important 
to improve the washing ability. Because of that, the required 
time of the normal washing cycle may not be changeable 
even if the time save option is selected. Thus, the required 
time of one of the components of the rinsing cycle may be 
considered for adjustment. 
The rinsing cycle repeats the water Supplying, water 

draining and spinning. The rinsing may be implemented two 
times, three times or four times. The spinning may be 
implemented in the same order of the spinning cycle, with 
the RPM and the time of the main-spinning less than those 
of the spinning cycle. As a result, when the time save option 
is selected, the main-spinning of the rinsing cycle may be 
omitted. 
When the time save option is selected, the laundry amount 

determining step may be omitted, depending on the selected 
course. For example, when the wool, delicate or sportswear 
course is selected, the amount of this special fabric is 
relatively small. If such the fabric items get contaminated, 
the user tends to wash them immediately. As a result, it is 
rare to wash a large amount of these types of laundry items 
in a single course operation. Considering that, the laundry 
amount determining step may be omitted when the wool, 
delicate or sportswear course is selected. 

In contrast, when the intensive option is selected, the 
number of rinsing implementations in the rinsing cycle or 
the required time of the washing cycle may be increased, or 
both may be increased. 

This time management option satisfies the object of the 
specific course and allows the user to manage time conve 
niently. 

O. Course O: 
Course O’ will be described in reference to FIG. 25. 

Course O’ may be proper for laundry requiring a strong 
washing ability Such as clothes with severe contaminants or 
infant clothes. That is, a strong washing ability is required to 
wash clothes having severe contaminants such as work 
clothes. In this case, at least one step included in this course 
may include a step of Supplying steam toward the laundry. 
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When steam is supplied to the laundry, the temperature of 
the laundry is increased by the high temperature steam and 
contaminants attached to the laundry are soaked to improve 
washing and/or rinsing ability. In addition, in the case of 
clothes requiring sterilization Such as infant clothes, Steam is 
used to achieve a sterilization effect. Here, a steam genera 
tion device may be provided to generate steam by using 
water Supplied from an external water Supply source, to 
Supply steam to the laundry. In other words, the steam 
generation device receives water from the external water 
Supply source and it heats the water to generate steam. After 
that, the steam generation device Supplies the steam toward 
the laundry. In this case, a steam line configured to move the 
steam there through and a steam nozzle configured to Supply 
steam may be provided in the steam generation device. The 
steam generation device may be versatile and may be a 
storage type configured to store water therein or a heating 
type configured to move water. 

O. 1 Waiting user's input (S2510): 
First of all, the laundry machine performs a step of 

waiting a users input (S2510). In this case, the laundry 
machine displays a course input visually via the display and 
awaits the user's input. Alternatively, the laundry machine 
may receive a course input auditorily. 

O.2 Performing selected Course: 
When the user selects a course, the controller identifies 

whether the selected course is a steam course (S2530). Here, 
the steam course is a course including at least one step using 
steam. In other words, at least one step included in a 
washing, rinsing and spinning cycle of the selected course 
includes a step using steam, and then the course may be 
called as steam course. 
When the steam course is selected, the control part 

performs a step of Supplying steam to the drum of the 
laundry machine and a step of driving the drum at least one 
time (S2570). Here, the steam may be generated by the 
steam generation device described above and the steam 
generation device may supply the steam to the drum. When 
the drum is driven, a driving motion of the driving drum may 
be a strong motion Such as the scrub and/or step motion, a 
motion including a Sudden brake step or a striking motion 
and/or rubbing motion. The scrub and step motion are 
described above and thus a repeated description thereof will 
be omitted. Such the Steam Supplying step and the drum 
motion step may be performed, with the order of them being 
combined with each other. 

For example, Steam is Supplied first and the drum motion 
step is performed later and foreign Substances attached to the 
laundry may be soaked effectively by the steam supply. 
Because of that, when the drum motion is performed after 
the steam Supplying step, the foreign Substances attached to 
the laundry may be removed smoothly. In other words, a 
soaking step using Steam and a Washing step using a drum 
motion may be included. Especially, the drum motion step 
may include a motion having the strong motion Such as the 
scrub and/or step or the Sudden brake step and it may remove 
foreign Substances more efficiently. As a result, when the 
drum motion step is performed after steam is Supplied, the 
washing efficiency of the laundry may be improved notice 
ably. When the drum motion step is performed after the 
steam is Supplied to the laundry, a predetermined period of 
each step may be overlapped with each other. In this case, a 
similar effect may be achieved. 
When the steam supplying step is performed after the 

drum motion step, the steam may remove wrinkles and 
unpleasant Smell from the laundry and prevent static elec 
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tricity. The drum motion step may be performed in the 
washing cycle or rinsing cycle. Because of that, when the 
steam is Supplied after the motion of the drum, a refreshing 
effect using Steam Such as laundry sterilizing, wrinkle 
removal, unpleasant Smell removal or laundry static elec 
tricity prevention may be achieved. When the steam sup 
plying step is performed after the drum motion step, a 
predetermined period of each step may be overlapped with 
each other. In this case, a similar effect may be achieved. 

In the meanwhile, the steam Supplying step and the drum 
motion step may be overlapped Substantially, without deter 
mining the order of the two steps. For example, at least one 
of a start point or a finish point of the steam Supplying step 
may coincide with at least one of the finish or start points of 
drum motion step. Alternatively, each of the steps may be 
performed before or after the overlapped period. 
The case of the steam Supplying step and the drum motion 

step substantially overlapped with each other may be per 
formed in a steam refresh course, for example. The steam 
refresh course may be defined as course configured to 
perform refreshing by using steam without Supplying water. 
When the drum is driven if steam is supplied, the steam may 
be uniformly supplied to the laundry and the refresh effect 
may be improved more efficiently. Especially, when the 
drum is driven in the motion including the strong motion 
Such as the scrub and/or step motion or the motion having 
the Sudden brake, a relatively strong shock may be applied 
to the laundry and an effect of removing dust attached to the 
laundry may be achieved. 
The above steam refresh course may be described as 

follows. For example, when trying to increase the tempera 
ture of the inside of the drum, steam is supplied and the 
temperature of the inside of the drum may be increased up 
to a predetermined temperature or more. When the drum 
inside temperature is increased to the predetermined tem 
perature or more, the controller may drive the drum as steam 
is Supplied. The strong motion of the drum enables foreign 
Substances such as dust attached to the laundry to be 
Substantially eliminated. The steam Supplying enables the 
refresh effect to be achieved. After that, the steam supplying 
is stopped to disentangle the laundry inside the drum and 
only the drum motion step is performed for a predetermined 
time period. Alternatively, to remove wrinkles from the 
laundry by using the strong motion, the drum motion step is 
stopped and the steam Supplying step and the steam Sup 
plying step may be performed for another predetermined 
time period. 

In the meanwhile, if the course inputted by the user is not 
a steam course, the course may be performed as preset 
(S2550). Here, when the user selects one of the above 
courses, the selected course may be performed as described 
above. 

P. Course P: 
Course P will be described in reference to FIG. 26. 

Course P may be used to sterilize laundry items such as, for 
example, infant clothes. In other words, a strong washing 
ability may be required to wash clothes with a heavy soil 
level Such as, for example, working clothes. In this case, at 
least one step included in Such a course may include a step 
of spraying steam toward the clothes in the drum. When 
steam is supplied to the clothes, the temperature of the 
clothes is increased by the high temperature steam, and dirt 
attached to the clothes may be soaked to improve washing 
and/or rinsing efficiency. Also, in case of laundry items to be 
sterilized, such as infant clothes, Steam may be Supplied to 
achieve a laundry sterilization effect. To Supply steam, a 
steam generation device configured to generate steam from 
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water received from an external water Supply source may be 
employed. Such a steam generation device may include a 
steam line configured to move Steam and a steam nozzle 
configured to supply the steam. A water storing type, a 
moving-water heating type and the like may be applicable as 
the steam generation device. 

Course P may include a washing cycle, a rinsing cycle 
and a spinning cycle to wash and/or sterilize items having a 
high soil level. Such as, for example, work clothes or infant 
clothes. A user may select Course P from the course selec 
tion part 117 (S2610) 
P1 Washing Cycle (S2630) 
P.1.1 Water Supplying Step (S2631): 
Detergent is Supplied in a water Supplying step, together 

with wash water, and a process of dissolving detergent in the 
wash water may be performed. To enhance efficiency of the 
washing cycle, detergent dissolution may be completed 
effectively in an initial stage of the water Supplying step. 
Thus, a detergent dissolution promoting step may be per 
formed in the water Supplying step to promote detergent 
dissolution. 
To promote the detergent dissolution, a drum driving 

motion allowing the laundry to move inside the drum may 
be a motion capable of Supplying a strong mechanical force 
to both the wash water and the laundry. For example, the 
step motion configured to repeatedly drop the laundry lifted 
along the rotating drum from the inner circumferential 
surface of the drum by the braking of the drum may be 
implemented during the water Supplying step to promote 
detergent dissolution. The scrub motion configured to 
repeated drop and re-lifting the laundry lifting along the 
rotating drum by the braking of the drum and the reverse 
rotation of the drum may be implemented in addition to or 
instead of the step motion. The step motion and the scrub 
motion both stop the drum Suddenly after rotating the drum, 
Such that the moving direction of the laundry may be 
changed Suddenly. Because of that, these motions apply a 
strong shock to the wash water and a strong mechanical 
force is Supplied in the initial stage of the water Supplying 
step. As a result, detergent dissolution is promoted and the 
efficiency of the washing cycle may be improved. 

Also, sequential combination of the step and scrub 
motions may be repeated to promote detergent dissolution. 
In this case, another type of drum driving motion may be 
combined and a motion type of laundry and a motion type 
of wash water may be diversified to further improve the 
efficiency of the washing cycle. 

In certain embodiments, a circulating step configured to 
circulate wash water inside the tub to re-supply the wash 
water to the drum may be performed in the water supply step 
to promote detergent dissolution. Such a circulating step 
allows wash water held under the drum to be circulated back 
to the drum, further promoting detergent dissolution and 
laundry wetting. 

P.12 Water draining step (S2633): 
Courses using steam may include an intermediate water 

draining step following the water Supplying step to maxi 
mize the steam effect. 

In other words, the water supplying step described above 
Supplies wash water together with detergent, and a proper 
drum driving motion enables the detergent to be sufficiently 
dissolved and the laundry to be wet enough. When the 
detergent is sufficiently absorbed in the laundry, the water 
inside the drum may be drained and after that, steam may be 
Supplied. In other words, once detergent is sufficiently 
absorbed in the laundry and the water is eliminated, the 
temperature of the drum and the temperature of the laundry 
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may be increased by the steam and then a soaking effect of 
the laundry inside the drum may be achieved for more 
effective washing in the washing step. Such a water draining 
step may not be usable in all courses, but rather, applicable 
selectively. That is, given the time it takes to re-supply water 
after draining water and Supplying steam, the water draining 
step may be applicable only when clothes have a high soil 
level. To finish a washing course in a relatively short amount 
of time, using steam, main and middle draining steps may be 
eliminated. 

During the main draining the drum may be rotated at a 
predetermined RPM or more. While rotating the drum, 
intermediate spinning may be performed and water may be 
eliminated from the laundry inside the drum, maximizing 
the soaking or Steaming effect described above. In this case, 
an RPM of the drum may be determined to be an RPM that 
allows the water to be eliminated from the laundry. For 
example, when the drum is rotated during draining, the RPM 
may be determined to be an RPM allowing the laundry 
inside the drum to contact the inner circumferential Surface 
of the drum. 

P.1.3 Heating Step (S2635): 
The washing cycle may include a heating step between 

the main washing step and the water Supplying step to heat 
the inside of the drum in preparation for the main-washing 
step. 
The heating step supplies steam to the inside of drum and 

maintains or increases the temperature of the wash water or 
the drum up to a predetermined value or more. In the 
description of Course P, the steam is sprayed in the main 
washing step, to be described later. However, Steam may be 
supplied at other points while performing the washing 
Course P. For example, if steam is Supplied in the rinsing 
cycle, the heating step may be provided in a last portion of 
the washing cycle prior to the rinsing cycle. 

During the heating step, the steam generation device 
described above heats water and generates steam. As a 
result, a heater of the steam generation device is driven, and 
so a drum driving motion may be set accordingly in the 
heating step. For example, a relatively high load may be 
applied to the motor in one of the drum driving motions 
including the Sudden braking. Such as the scrub or step 
motion. If a motion including Such Sudden braking is imple 
mented while driving the heater to generate steam, excessive 
load may be applied to the laundry machine. As a result, 
when the heater is operated to generate steam, drum driving 
motions that do not make use of Sudden braking, Such as, for 
example, the rolling and/or tumbling and/or Swing motion(s) 
may be implemented. 

P.1.4 Washing Step (S2637): 
Once the water Supplying step and the heating step are 

completed, the main washing step may be performed and 
completed to finish the washing cycle. 
The washing step of this course may include a steam 

Supplying step configured to Supply steam to the inside of 
the drum. Such a steam Supplying step may be performed in 
one or more of an initial stage, middle stage, or a second half 
stage of the washing step to enhance a steam effect. Such a 
steam Supplying step may be properly combined with an 
appropriate drum driving motion before, together with or 
after the steam Supplying step. The drum driving motion 
may be implemented in at least one of before the steam 
Supplying step, after the steam Supplying step and/or during 
the steam Supplying step. 

The drum driving motion in the washing step may include 
a sequential combination of the step, tumbling and rolling 
motion to Supply a strong mechanical force and move the 
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laundry variously to enhance washing efficiency. Alterna 
tively, the drum driving motion in the washing step may be 
a sequential combination of the filtration motion and tum 
bling motion. Such a sequential drum driving motion allows 
the wash water to be supplied to the laundry continuously, 
to enhance washing efficiency of the detergent, and to 
uniformly apply mechanical force to the laundry to enhance 
washing efficiency. As a result, the drum driving motion in 
the washing step may be varied according to the amount of 
laundry to achieve an optimized washing effect. 

In certain embodiments, the amount of laundry may be an 
amount of laundry determined before the water Supplying 
step or an amount of laundry determined during the heating 
step. A Small amount of wet laundry may be erroneously 
determined to be a large amount of laundry, so the drum 
driving motion in the washing step may be differentiated 
according to the amount of laundry determined after the, 
water Supplying step. 
When the amount of laundry is a predetermined laundry 

amount level or more, the drum driving motion may include 
the filtration motion. Together with the filtration motion, the 
tumble motion may also be implemented. If not configured 
to circulate wash water, only the tumble motion may be 
implemented. In the case of a large amount of laundry, 
washing efficiency may be enhanced by Supplying wash 
water to the laundry uniformly and continuously, while 
simultaneously applying mechanical force to the laundry. 
When the amount of laundry is less than a predetermined 

laundry amount level, the drum driving motion may be the 
step motion or rolling motion, applying a strong mechanical 
force using various motion types to enhance washing effi 
ciency. Also, the tumble motion may be implemented 
together with Such motion. 
As mentioned above, the water Supplying step, heating 

step and the washing step composing the washing cycle, and 
the associated drum driving motions may be varied to 
improve efficiency of the washing cycle. In addition, the 
drum driving motion in each step may be differentiated so 
that an optimal washing cycle may be performed according 
to an amount of laundry. 
P2 Rinsing Cycle (S2650): 
The rinsing cycle in this course may be performed similar 

to the rinsing cycle of other courses described above, and 
thus repeated description thereof will be omitted accord 
ingly. 
P3 Spinning Cycle (S2670): 
The spinning cycle in this course may be performed 

similar to the spinning cycle of other courses described 
above, and thus repeated description thereof will be omitted 
accordingly. 
IV. Drum Driving Motion According to Course and Step of 
Course 
A drum driving motion according to each cycle of each 

course will now be described. As mentioned above, the drum 
driving motion includes a combination of the drum rotation 
direction and the drum rotation speed, and differentiates the 
dropping direction and the dropping point of the laundry 
located in the drum to compose the different drum motions. 
These drum driving motions may be implemented under the 
control of the motor. 

Since the laundry is lifted by the lift provided at the inner 
circumferential surface of the drum during the rotation of the 
drum, the rotation speed and the rotation direction of the 
drum are controlled to differentiate the shock applied to the 
laundry. That is, the mechanical force including friction 
between laundry items, friction between the laundry and the 
wash water and the dropping shock may be differentiated. In 
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other words, a laundry striking or scrubbing level may be 
differentiated to wash the laundry, and a laundry distribution 
level or a laundry turning-over level may be differentiated. 
As a result, a drum driving motion may be differentiated 

according to each cycle composing various washing courses 
and each specific step composing each cycle so that the 
laundry may be treated by an optimized mechanical force. 
Because of that, washing efficiency may be improved. In 
addition, a single fixed drum driving motion may result in 
excessive washing time. A drum driving motion for each 
cycle will now be described. 

Washing Cycle: 
A washing cycle includes a laundry amount determining 

step, a water Supplying step and a washing step. The water 
Supplying step includes a detergent dissolution promoting 
step configured to dissolve detergent and a laundry wetting 
step configured to wet the laundry. The detergent dissolution 
promoting step and the laundry wetting step may be pro 
vided independently, separate from the water Supplying step. 
A heating step may be further provided according to each 
COUS. 

1.1. Laundry Amount Determining: 
Electric currents used to rotate the drum are measured to 

implement the laundry amount determining step. In this 
case, when the drum is rotated in a predetermined direction, 
the consumed currents are measured, and the drum may be 
driven according to a single rotation motion, for example, 
the tumbling motion, in the laundry amount determining 
step. 

1.2 Water Supplying: 
In a water Supplying step, wash water is Supplied together 

with detergent and a step of dissolving the detergent may be 
implemented. To improve the efficiency of the washing 
cycle, detergent dissolution may be completed effectively in 
an initial stage of the water Supplying step. To dissolve the 
detergent in the wash water quickly, a motion configured to 
apply a strong mechanical force may be effective. That is, a 
strong mechanical force is applied to the wash water to 
dissolve the detergent in the wash water more effectively. As 
a result, in the detergent dissolution promoting step, the 
drum is rotated according to the step motion and/or the scrub 
motion. As mentioned above, the step motion and the scrub 
motion rotate the drum at relatively high speed, applying a 
Sudden brake to the drum to change directions, and a strong 
mechanical force may be provided. A combination of the 
step motion and the Scrub motion may be possible in this 
step. 

In the laundry wetting promoting step, it is important to 
wet the laundry in the wash water mixed with the detergent. 
In this case, a drum driving motion may be the filtration 
motion. Alternatively, the filtration motion and the rolling 
motion may be implemented sequentially. The rolling 
motion continuously turns over the laundry to enable the 
wash water held in the lower portion of the drum to contact 
with the laundry uniformly and is proper in laundry wetting. 
The filtration motion broadens the laundry during the rota 
tion of the drum to bring the laundry into close contact with 
the inner circumferential Surface of the drum, while spraying 
the wash water into the drum simultaneously, such that the 
wash water may be discharged from the tub via the laundry 
and the through holes of the drum due to the centrifugal 
force. As a result, the filtration motion broadens the surface 
area of the laundry and allows the wash water to pass 
through the laundry. Because of that, an effect of Supplying 
the wash water to the laundry uniformly may be achieved. 
Also, to use such the effect, different two drum driving 
motions, that is, the filtration motion and the rolling motion 
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are repeated sequentially in the laundry wetting promoting 
step. If the laundry amount is a predetermined value or more, 
the laundry wetting effect may be deteriorated in the rolling 
motion having the relatively low rotation speed of the drum, 
and thus the tumbling motion having a relatively high 
rotation speed of the drum may be implemented instead of 
the rolling motion. 

However, the detergent dissolution promoting step or the 
laundry wetting step of the water Supplying step may be 
classified according to the driving motion of the drum when 
the wash water is continuously Supplied. As a result, it is 
difficult for the user to distinguish the above steps in the 
water Supplying step. From the view of the user, it seems that 
the drum is driven according to one of the rolling and/or 
tumbling and/or step and/or scrub motions in the water 
Supplying step, or a combination of two or more of the 
motions. 

According to the type of fabric of the laundry, there may 
be courses configured to prevent laundry fabric damage. 
Also, according to the course, there may be courses config 
ured to suppress noise generation when the laundry is 
washed based on the courses. When the drum is driven 
according to the motion capable of applying a strong 
mechanical force in the water Supplying step, laundry fabric 
damage or noise generation may be difficult to avoid, in 
general. As a result, in the water Supplying steps, motions 
capable of reducing the noise generation as much as possible 
or preventing fabric damage are provided. In these courses, 
the detergent dissolution effect and laundry wetting effect 
are achieved so that, in these courses, the drum may be 
driven in the Swing motion or the time of the rolling motion 
may be increased. 
The Swing motion may minimize the motion of the 

laundry inside the drum, compared with the other motions, 
and it may minimize fabric damage generated by the friction 
of laundry items and the friction between the laundry and the 
drum. In addition, the rolling motion induces the rolling 
movement of the laundry along the inner Surface of the 
drum, and does not generate shock generated by the Sudden 
dropping of the laundry. 

If the detergent dissolution and the laundry wetting are 
implemented in the water Supplying step, a circulating step 
configured to circulate the wash water may be provided in at 
least predetermined step. Such a circulating step may be 
implemented over the water Supplying step or in a prede 
termined stage of the water Supplying step. 

1.3 Heating: 
In a heating step, a drum driving motion configured to 

transmit heat generated while the heater provided in the tub 
heats the wash water to the laundry may be provided. In the 
heating step, the drum is driven according to the tumbling 
motion configured to rotate the drum in the predetermined 
direction continuously. If the rotation direction of the drum 
is changed, a Vortex is generated in the wash water and heat 
transmission efficiency may be deteriorated. If the laundry 
amount is less than a predetermined laundry amount level. 
the drum is driven in the rolling motion. If the laundry 
amount is the predetermined laundry amount level or more, 
the drum is driven in the tumbling motion. The rolling 
motion can heat the laundry sufficiently if the laundry 
amount is less than the predetermined level. If the laundry 
amount is the predetermined level or more, the tumbling 
motion configured to rotate the drum at the relatively high 
speed may be proper. 

1.4 Washing: 
A washing step may take the longest time of the washing 

cycle. In the washing step, contaminants of the laundry may 
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be substantially removed and a drum driving motion of the 
washing step may be a motion capable of moving the 
laundry in various patterns. For example, the drum driving 
motion of the washing step may be one of, or a combination 
of the step motion and/or the tumbling motion and/or the 
rolling motion. Such a combination of the motions can apply 
a strong mechanical force to the laundry. Especially, in the 
case of a small amount of the laundry, a combination of these 
motions may be effective. 
The drum driving motion of the washing step may be a 

combination of the filtration motion and the tumbling 
motion. Such a drum driving motion can Supply wash water 
to the laundry continuously to improve washing efficiency 
and can apply mechanical force to the laundry uniformly to 
improve washing efficiency. Such a combination may be 
effective with a large amount of laundry. 

Aheating step is provided before the washing step and the 
wash water may be heated in the washing step to improve 
washing efficiency. If the wash water is heated, drum driving 
motions may be combined. For example, if the heater 
provided in the tub is driven to heat the wash water, the drum 
may be driven according to a drum driving motion having no 
Sudden-brake. 
As mentioned above, in the courses configured to prevent 

fabric damage and to Suppress noise generation, a motion 
capable of applying a relatively weak mechanical force to 
the laundry may be provided in the washing step. For 
example, the washing steps of the above courses, the Swing 
motion may be implemented to reduce noise generation and 
prevent fabric damage. As a result, the operation time of the 
Swing motion may be longer than the other motions in the 
course. If the washing step is implemented by only the Swing 
motion, the washing efficiency may be deteriorated and a 
motion having a strong mechanical force may be addition 
ally provided. The operation time of the motion having the 
strong mechanical force may be set to be shorter than that of 
the motion having the weak mechanical force. 

2. Rinsing Cycle: 
In the rinsing cycle, water Supplying, drum driving and 

draining steps are repeated to rinse contaminants attached to 
the laundry or detergent remnants. As a result, a drum 
driving motion of the rinsing cycle may be a motion capable 
of generating a scrubbing-like effect. Fore example, the 
drum driving motion of the rinsing cycle may be the scrub 
motion and/or the Swing motion. Both the scrub motion and 
the Swing motion have the effect of Scrubbing and Swinging 
the laundry in the wash water continuously, to improve 
rinsing ability. 
When the drum is driven in the rinsing cycle, a circulating 

step configured to circulate the wash water held in the tub 
into the drum inside and the filtration motion may be 
implemented together. That is, the wash water is sprayed 
into the drum and the laundry is rinsed by the flowing water. 
The filtration motion generates a strong centrifugal force and 
may separate the detergent and contaminants of the laundry 
from the laundry, together with the wash water. 

In the rinsing cycle, wash water may be drained together 
with bubbles by using mechanical force applied to the 
laundry during the draining and/or intermediate-spinning. 
As a result, the drum is driven in the step motion or tumbling 
motion. By dropping the lifted laundry, the washing effi 
ciency may be improved and the bubbles may be removed 
smoothly. The drum driving motion may be differentiated 
according to the laundry amount. That is, in the case of a 
Small amount of laundry, the step motion is implemented to 
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generate a maximum dropping distance. In the case of a 
large amount of laundry, the tumbling motion is imple 
mented. 
As mentioned above, in the courses selected to prevent 

fabric damage or to Suppress noise generation, the motion 
capable of applying a relatively weak mechanical force to 
the laundry may be provided in the rinsing cycle. For 
example, the Swing motion may be provided in the rinsing 
cycles of the courses. In the course selected to reduce 
washing time, it is possible to reduce the time of the rinsing 
cycle. For example, the filtration motion consumes a rela 
tively large amount of time and thus the filtration motion 
may be omitted in the drum driving step of the rinsing cycle 
in the case of a course selected to reduce the overall washing 
time. 

3. Spinning Cycle: 
In a spinning cycle, the drum is rotated at a predetermined 

speed or higher to remove moisture contained in the laundry 
and the spinning cycle may include a laundry disentangling 
step and an eccentricity measuring step to accelerate the 
rotation speed of the drum to a predetermined RPM. A 
proper drum driving motion may be selected according to 
the object of each step. For example, it is advantageous in 
the laundry disentangling step to apply a relatively strong 
mechanical force to the laundry. If a motion capable of 
applying a strong mechanical force is provided in the prior 
rinsing cycle, even a motion having a weak mechanical force 
is sufficient. Also, to measure the eccentricity accurately, a 
drum driving motion configured to rotate the drum in a 
single direction continuously may be appropriate in the 
eccentricity measuring step. 
V. New Courses 

In describing the various courses, each course includes a 
washing cycle, a rinsing cycle and a spinning cycle. How 
ever, it is possible to omit a single cycle from each course 
according to the user's selection. That is, it is possible to 
omit the washing cycle from Course A (Standard Course) or 
to omit the rinsing cycle from Course B (Heavy Contami 
nant Course) or to omit the spinning cycle from Course C 
(Quick Boiling Course). By extension, one of the cycles 
provided in each course may be set as an auxiliary course. 
Fore example, the washing cycle of course F (Functional 
Clothing Course) may be set as single new course. In this 
case, it may be referred to as functional clothing washing. 
Rather than the washing cycle, the rinsing cycle or the 
spinning cycle provided in each course may be set as new 
COUS. 

Although the washing cycle, the rinsing cycle and the 
spinning cycle are described in a particular order to explain 
each of the courses. Such cycles of one course may be 
combined with cycles of another course to establish new 
course. For example, the rinsing cycle and the spinning 
cycle of Course A (Standard Course) may be combined with 
the washing cycle of Course B (Heavy Contaminant Course) 
and set as a new course. Alternatively, each cycle may be 
taken out of the other courses. For example, the rinsing cycle 
of course A (Standard Course) and the spinning cycle of 
Course M may be combined with the washing cycle of 
Course B (Heavy Contaminant Course) and set as a new 
course. In this case, steps configured to connect the cycles 
may be adjusted or changed as appropriate. 

Further, new course can be made based on efforts and 
conditions of laundry. FIGS. 22 to 24 illustrates the steps, 
effects and conditions used to determine the motions for 
standard course, strong motion course (heavy contaminant 
course, quick boiling course and cool wash course) and 
weak motion course (color, delicate or wool course). Based 
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on desired effects and conditions, the motions of the drums 
can be selected interchangeable between standard course, 
Strong motions course and weak motion course to create new 
programs. The present disclosure and features can be further 
applied to motion of the drum of a dryer, which, for 
example, are disclosed in US Patent Pub. Nos. 2009/ 
0126222, 2010/0005680 and 2010/0162586, whose entire 
disclosure is incorporated herein by reference. 
Any reference in this specification to “one embodiment,” 

“an embodiment,” “example embodiment,” etc., means that 
a particular feature, structure, or characteristic described in 
connection with the embodiment is included in at least one 
embodiment of the invention. The appearances of such 
phrases in various places in the specification are not neces 
sarily all referring to the same embodiment. Further, when a 
particular feature, structure, or characteristic is described in 
connection with any embodiment, it is submitted that it is 
within the purview of one skilled in the art to effect such 
feature, structure, or characteristic in connection with other 
ones of the embodiments. 

Although embodiments have been described with refer 
ence to a number of illustrative embodiments thereof, it 
should be understood that numerous other modifications and 
embodiments can be devised by those skilled in the art that 
will fall within the spirit and scope of the principles of this 
disclosure. More particularly, various variations and modi 
fications are possible in the component parts and/or arrange 
ments of the subject combination arrangement within the 
Scope of the disclosure, the drawings and the appended 
claims. In addition to variations and modifications in the 
component parts and/or arrangements, alternative uses will 
also be apparent to those skilled in the art. 
What is claimed is: 
1. A method of operating a laundry machine including a 

tub and a drum provided in the tub, the method comprising: 
receiving a user selection of a steam course via a control 

panel; 
Supplying water into the tub and driving the drum in a first 

predetermined motion; 
draining water from the tub, after the supplying of the 

water into the tub and the driving of the drum in the first 
predetermined motion; 

after the draining of the water from the tub, heating water 
and supplying steam to the drum and driving the drum 
in a second predetermined motion, wherein the second 
predetermined motion includes: 
rotating the drum at a first predetermined RPM in a first 

direction; and 
applying a brake to the drum based on a rotation angle 

of the drum such that the laundry in the drum is 
dropped from a highest point of the drum, repeating 
consecutively the rotating of the drum at the first 
predetermined RPM in the first direction and the 
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applying of the brake to the drum based on the 
rotation angle of the drum such that the laundry in 
the drum is dropped from the highest point of the 
drum without a change in a rotational direction of the 
drum. 

2. The method of claim 1, wherein the applying of the 
brake to the drum based on the rotation angle of the drum 
such that the laundry in the drum is dropped from the highest 
point of the drum includes applying a torque in an opposite 
direction to a current rotation direction of the drum. 

3. The method of claim 1, wherein the applying of the 
brake to the drum based on the rotation angle of the drum 
such that the laundry in the drum is dropped from the highest 
point of the drum includes temporarily stopping rotation of 
the drum in the first direction. 

4. The method of claim 1, wherein the heating of the water 
and Supplying of the steam to the drum and the driving of the 
drum in the second predetermined motion is configured such 
that the heating of the water and supplying of the steam to 
the drum is performed before the driving of the drum in the 
second predetermined motion. 

5. The method claim 1, wherein the heating of the water 
and Supplying of the steam to the drum and the driving of the 
drum in the second predetermined motion is configured such 
that the heating of the water and supplying of the steam to 
the drum is performed after the driving of the drum in the 
second predetermined motion. 

6. The method of claim 1, wherein the first predetermined 
motion includes: 

rotating the drum at a second predetermined RPM in the 
first direction; and 

applying a brake to the drum based on a rotation angle of 
the drum such that the laundry in the drum is dropped 
from the highest point of the drum, repeating consecu 
tively the rotating of the drum at the second predeter 
mined RPM in the first direction and the applying of the 
brake to the drum based on the rotation angle of the 
drum such that the laundry in the drum is dropped from 
the highest point of the drum without a change in a 
rotational direction of the drum. 

7. The method of claim 1, wherein the draining of the 
water from the tub includes spinning the drum to allow 
laundry inside of the drum to contact an inner circumferen 
tial surface of the drum to eliminate the water from the 
laundry. 

8. The method of claim 1, wherein the heating of the water 
and Supplying of the steam to the drum and the driving of the 
drum in the second predetermined motion is configured such 
that the heating of the water and supplying of the steam to 
the drum is performed during the driving of the drum in the 
second predetermined motion. 


