wo 2011/025324 A2 [ 0K 00 OO A0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

. TN
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization: /g5 1IN AN VAN U 00 KON 00 00O OO0 L 1
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10
3 March 2011 (03.03.2011) PCT WO 2011/025324 A2
(51) International Patent Classification: (74) Agents: KIM, Yong In ct al,; KBK & Associates, 7th
DO6F 37/22 (2006.01) Floor Hyundae Building, 175-9 Jamsil-dong, Songpa-ku,
1138-861 (KR).
(21) International Application Number: Seou (KR)
PCT/KR2010/005820 (81) Designated States (unless otherwise indicated, for every
. - kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, I{T, AU, Ai BA, BB, BG, B}{, BR, BW, BY, BZ.
27 August 2010 (27.08.2010) CA., CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
o . HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: Enghsh KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
10-2009-0080125 27 August 2009 (27.08.2009) KR NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,
10-2009-0079912 27 August 2009 (27.08.2009) KR SG, SK, SL, SM, ST, 8V, SY, TH, TJ, TM, TN, TR, TT,
10-2009-0079923 27 August 2009 (27.08.2009) KR TZ,UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
10-2009-0079908 27 August 2009 (27.08.2009) KR (84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except US): LG kind of regional protection available): ARIPO (BW, GH,
ELECTRONICS INC. [KR/KR]; 20 Yeouido-dong, GM, KE, LR, LS, MW, MZ, NA, SD, SL, 82, TZ, UG,
Yeongdeungpo-gu, Seoul 150-721 (KR) ZM, ZW), Furasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inventors; and EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(75) Inventors/Applicants (for US only): JANG, Jae Hyuk LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
[KR/KR]; LG Electronics Inc. Gasan R&D Campus, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
327-23 Gasan-dong, Geumcheon-gu, Seoul 153-802 GW, ML, MR, NE, SN, TD, TG).
(KR). KOO, Bon Kwon [KR/KR]; LG Electronics Inc. . )
Gasan R&D Campus, 327-23 Gasan-dong, Geumcheon- Published:
gu, Seoul 153-802 (KR). KIM, Young Suk [KR/KR]; LG —  without international search report and to be republished
Electronics Inc. Gasan R&D Campus, 327-23 Gasan- upon receipt of that report (Rule 48.2(g))
dong, Geumcheon-gu, Seoul 153-802 (KR). SEO, Hyun
Seok [KR/KR]; LG Electronics Inc. Gasan R&D Campus,
327-23 Gasan-dong, Geumcheon-gu, Seoul 153-802
(KR).
(54) Title: CONTROL METHOD OF LAUNDRY MACHINE

[Fig. 1]
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vention, noise of the laundry machine can be reduced effectively when the spinning cycle is carried out.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]
[9]

WO 2011/025324 PCT/KR2010/005820

Description
Title of Invention: CONTROL METHOD OF LAUNDRY

MACHINE
Technical Field

The present invention relates to a control method of a laundry machine.
Background Art

In general, a laundry machine may include washing, rinsing and spinning cycles.
Here, the spinning cycle includes a rotating step of rotating a drum provided in such a
laundry machine at the highest RPM. Because of the step, the spinning cycle would
generate noise and vibration quite a lot, which is required to be solved in the art the

prevent invention pertains to.
Disclosure of Invention

Technical Problem

Accordingly, the present invention is directed to a control method of a laundry
machine.

An object of the present invention is to provide a control method of a laundry

machine which can solve the above problem.

Solution to Problem
To solve the problems, an object of the present invention is to provide a control
method of a laundry machine provided with a balancer, the control method comprising

balancing step performed at least three times in a spinning cycle.
Advantageous Effects of Invention

According to the control method of the present invention, noise of the laundry
machine can be reduced effectively when the spinning cycle is carried out.
Brief Description of Drawings

The accompanying drawings, which are included to provide further understanding of
the disclosure and are incorporated in and constitute a part of this application, illustrate
embodiments of the disclosure and together with the description serve to explain the
principle of the disclosure.

In the drawings:

FIG. 1 illustrates an exploded perspective view of a laundry machine in accordance

with a preferred embodiment of the present invention.

[10] FIG. 2 illustrates a partial section of the laundry machine in FIG. 1;

[11] FIG. 3 illustrates a section of a front balancer;

[12] FIG. 4 illustrates a graph showing a relation of mass vs. a natural frequency;
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[13] FIG. 5 illustrates a schematic view of a relation of an unbalance versus positions of
balls as the drum rotates;

[14] FIG. 6 illustrates a schematic view of a spinning method in accordance with a
preferred embodiment of the present invention;

[15] FIG. 7 is a diagram illustrating the position relation between balls and unbalance
based on rotation of a drum;

[16] FIG. 8 is a diagram illustrating a spinning method according to one embodiment of
the present invention;

[17] FIG. 9 is a graph illustrating vibration characteristics of the laundry machine;

[18] FIG. 10 is a graph illustrating an example of a control method of a laundry machine
according to the present invention;

[19] FIG. 11 is a graph illustrating another example of a control method of a laundry
machine according to the present invention;

[20] FIG. 12 is a graph illustrating other example of a control method of a laundry
machine according to the present invention;

[21] FIG. 13 is a graph illustrating relation among capacity of a ball balancer, the number
of balls, and size of the balls;

[22] FIGs. 14(a) and 14(b) are graphs illustrating vibration characteristics according to
size of balls;

[23] FIG. 15 is a graph illustrating vibration characteristics according to the number of
balls;

[24] FIGs. 16(a) to 16(c) are longitudinal-sectional views schematically illustrating race
structures applied to the ball balancer;

[25] FIG. 17 is a graph illustrating vibration characteristics according to race structure of
the ball balancer; and

[26] FIG. 18 is a graph illustrating vibration characteristics according to viscosity and
filling amount of oil of the ball balancer.

Best Mode for Carrying out the Invention

[27] FIG. 1 is a partial exploded perspective view illustrating a laundry machine
according to one embodiment of the present invention.

[28]

[29] According to a laundry machine according to an embodiment, the tub may be fixedly
supported to the cabinet or it may be supplied to the cabinet by a flexible supporting
structure such as a suspension unit which will be described later. Also, the supporting
of the tub may be between the supporting of the suspension unit and the completely
fixed supporting.

[30] That is, the tub may be flexibly supported by the suspension unit which will be
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described later or it may be complete-fixedly supported to be movable more rigidly.
Although not shown in the drawings, the cabinet may not be provided unlike em-
bodiments which will be described later. For example, in case of a built-in type laundry
machine, a predetermined space in which the built-in type laundry machine will be
installed may be formed by a wall structure and the like, instead of the cabinet. In other
words, the built-in type laundry machine may not include a cabinet configured to

define an exterior appearance thereof independently.

The laundry machine according to this embodiment of the present invention includes
a tub fixedly supported to a cabinet. The tub includes a tub front 100 configured to
define a front part thereof and a tub rear 120 configured to define a rear part thereof.
The tub front 100 and the tub rear 120 are assembled to each other by screws and a
predetermined space is formed in the assembled structure to accommodate a drum. The
tub rear 120 may include an opening formed in a rear surface thereof and an inner cir-
cumference of the rear surface of the tub rear 120 is connected with an outer cir-
cumference of a rear gasket 250. An inner circumference of the rear gasket 250 is
connected with a tub back 130. The tub back 130 includes a through-hole formed in a
center thereof and a shaft passes the through-hole. The rear gasket 250 may be made of
flexible material not to transmit the vibration of the tub back 130 to the tub rear 120.

The tub rear 120 includes a rear surface 128. The rear surface 128 of the tub rear 120,
the tub back 130 and the rear gasket 250 define a rear wall of the tub. The rear gasket
250 is sealingly connected with the tub back 130 and the tub rear 120 and it prevents
wash water held in the tub from leaking out. The tub back 130 is vibrated together with
the drum during the rotation of the drum. At this time, the tub back 130 is spaced apart
from the tub rear 120 at a predetermined distance enough not to interfere with the tub
rear 120. Since the rear gasket 250 is made of a flexible material, it allows the tub back
130 to relative-move without interfering with the tub rear 120. The rear gasket 250
may include a corrugation part 252 extendible enough to allow such a relative
movement of the tub back 130.

A foreign-substance-preventing member 200 is connected with a front portion of the
tub front 100 to prevent foreign substances from coming between the tub and the drum.
The foreign-substance-preventing member 200 is made of a flexible material and it is
fixedly installed to the tub front 100. The foreign-substance-preventing member 200
may be made of the same material as that used to make the rear gasket 250 and it will
be referenced to as front gasket for convenience sake.

The drum includes a drum front 300, a drum center 320 and a drum back 340.
Balancers 310 and 330 are installed in front and rear portions of the drum, respectively.

The drum back 340 is connected with a spider 350, and the spider 350 is connected
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with a rotational shaft 351. The drum 32 is rotated in the tub by the rotational force
transmitted via the rotational shaft 351.

The rotational shaft 351 is directly connected with a motor by passing through the
tub back 130. Specifically, the rotational shaft 351 is directly connected with a rotor of
the motor. A bearing housing 400 is coupled to a rear surface of the tub back 130. The
bearing housing 400 is located between the motor and the tub back 130 to rotatably
support the rotational shaft 351.

A stator is fixedly installed to the bearing housing 400 and the rotor is located around
the stator. As mentioned above, the rotor is directly connected with the rotational shaft
351. The motor is an outer rotor type motor and it is directly connected with the ro-
tational shaft 351.

The bearing housing 400 is supported from a cabinet base 600 through a suspension
unit. The suspension unit includes three perpendicular supporting suspensions and two
oblique-supporting suspensions configured to support the bearing housing obliquely in
a forward and rearward direction.

The suspension unit may include a first cylinder spring 520, a second cylinder spring
510, a third cylinder spring 500, a first cylinder damper, and a second cylinder damper
530, wherein the first cylinder damper, although not shown, is symmetrically installed
to be opposite to the second cylinder damper.

The first cylinder spring 520 is connected between a first suspension bracket 450 and
the cabinet base 600, and the second cylinder spring 510 is connected between a
second suspension bracket 440 and the cabinet base 600.

The third cylinder spring 500 is directly connected between the bearing housing 400
and the cabinet base 600.

The first cylinder damper 540 is obliquely installed between the first suspension
bracket 450 and a rear portion of the cabinet base. The second cylinder damper 530 is
obliquely installed between the second suspension bracket 440 and the rear portion of
the cabinet base.

The cylinder springs 520, 510 and 500 of the suspension unit may be connected to
the cabinet base 600 flexibly enough to allow the drum to move in a forward-
and-rearward direction and a rightward-and-leftward direction, not completely fixed to
the cabinet base 600. That is, the cylinder springs 520, 510 and 500 elastically support
the drum to allow the drum to rotate vertically and horizontally with respect to the
connected point with the cabinet base.

The perpendicular ones of the suspensions suspend the vibration of the drum
elastically and the oblique ones dampen the vibration. That is, out of the vibration
system that includes springs and damping means, the perpendicularly installed ones are

employed as springs and the obliquely installed ones are employed as damping means.
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The tub front and the tub rear are fixedly secured to the cabinet and the vibration of
the drum is suspendingly supported by the suspension unit. Substantially, the structure
of the tub and the drum may be separate. Even when the drum is vibrated, the tub may
not be vibrated structurally.

The bearing housing and the suspension brackets are connected by first and second
weights 431 and 430.

Hereinafter, a balancer will be described in more detail.

First of all, if the drum is rotated in a state that laundry is placed in the drum,
unbalance may be generated by the laundry. Since such unbalance may cause high
vibration of the drum during a spinning cycle, it is preferably required to reduce such
unbalance (UB). In particular, as the rotation speed of the drum is increased, it reaches
a natural vibration region of the laundry machine. In this case, a problem may occur in
that the vibration becomes great if unbalance is too great.

Since it is impossible to uniformly distribute the laundry inside the drum, it is
important to reduce unbalance if possible. An allowable unbalance rate may be
required for the laundry machine considering characteristics of the laundry machine. In
this respect, it is required to sense unbalance and compare the sensed unbalance with
allowable unbalance to control rotation of the drum.

In order to reduce unbalance, several solutions may be provided. One of the several
solutions is laundry distribution or uniform laundry distribution for varying the
position of the laundry inside the drum.

Also, in order to reduce unbalance, a fluid may be located in an opposite position of
an unbalanced position of the laundry to compensate for unbalance of the laundry. In
other words, a balancer may be used.

In this embodiment, a ball balancer is used as the balancer. The ball balancer is re-
spectively used at the front and rear portions of the drum.

In this embodiment, as shown in FIG. 2, the front ball balancer 310 is provided at the
front portion of the drum, and the rear ball balancer 330 is provided at the rear portion
of the drum. In more detail, the front ball balancer 310 is mounted on a front surface of
the drum front 300, and the rear ball balancer 330 is mounted on a rear surface of the
drum back 340. To this end, the drum front 300 may have a front recess recessed in a
rearward direction on the front surface, and the drum back 340 may have a rear recess
recessed in a forward direction.

In this embodiment, although not necessarily required, it is preferably required that
the front ball balancer 310 is structurally the same as the rear ball balancer 330.

FIG. 3 illustrates a sectional structure of the front ball balancer 310.

First of all, the front ball balancer 310 includes a race 31, a ball 32, and an oil 33.

The race 31 may have a ring shaped ball space portion 31a where the ball 32 can move
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therein. The ball space portion 31a may have a square shape roughly as shown.

A plurality of balls 32 are received in the ball space portion 31a. The number of balls
received in the ball space portion 31a and a diameter of the ball are defined con-
sidering the unbalance rate, together with vibration characteristics of the laundry
machine.

Also, since the ball space portion 31a is filled with the oil 33, the number and
diameter of balls received in the ball space portion 31a are preferably defined con-
sidering the amount and viscosity of the oil 33, which affect movement of the ball 32.
The amount and viscosity of the oil 33 may be determined such that the ball 32 of the
ball balancer may have required movement. Also, the amount and viscosity of the oil
33 may be determined considering vibration characteristics of the laundry machine.

In this embodiment, 14 balls 32 are received in the ball space portion 31a, and each
of the balls has a diameter of 18.55mm to 19.55mm, preferably 19.05mm. The ball
space portion 31a of the race has a sectional area in the range of 410mm?2 to 413mm?2,
preferably 412mm?2. A center diameter of the sectional area of the ball space portion
3lais in the range of 500mm to 510mm, preferably 505mm. Silicon based oil such as
Poly Dimethylsiloxane (PDMS) is used as the oil 33. Preferably, the oil 33 has
viscosity of 300cs at a room temperature, and has a filling level of 340cc to 360cc,
preferably 350cc. It is to be understood that the present invention is not limited to the
aforementioned characteristic values of the ball balancer.

Hereinafter, a method of using movement of the ball inside the ball balancer when
the drum is rotated with unbalance will be described. Since the ball balancer is
mounted on the drum and then rotated together with the drum, movement of the ball
inside the ball balancer can be controlled finally by rotation control of the drum.

In particular, if the rotation speed of the drum is close to natural vibration of the
laundry machine, the vibration of the drum may occur seriously. In this case, it is
important how the ball is controlled.

In the laundry machine according to the related art, a natural vibration mode occurs
in the range of 200rpm to 270rpm. Such a period where the natural vibration mode
occurs may be referred to as a transient region. In this transient region, a plurality of
natural vibration modes may exist. If the drum should be rotated at a rotation speed
more than the transient region, it is important to control the ball such that the vibration
of the drum becomes low.

Generally, the transient region may be defined as a rotation speed range of the drum.
As described above, the transient region may be defined as a region that includes
natural vibration. In the vibration system, natural vibration is determined by mass and
rigidity (for example, spring constant). Since mass may be varied depending on the

amount of laundry in the laundry machine, the transient region is preferably controlled
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considering mass.

FIG. 4 illustrates a graph showing a relation of mass vs. a natural frequency. It is
assumed that, in vibration systems of two laundry machines, the two laundry machines
have mass of m0 and m1 respectively and maximum holding laundry amounts are Am,
respectively. Then, the transition regions of the two laundry machines can be de-
termined taking AnfO and Anfl into account, respectively. In this instance, amounts of
water contained in the laundry will not be taken into account, for the time being.

In the meantime, referring to FIG. 4, the laundry machine with smaller mass m1 has
a range of the transition region greater than the laundry machine with greater mass mo.
That is, the range of the transition region having variation of the laundry amount taken
into account becomes the greater as the mass of the vibration system becomes the
smaller.

The ranges of the transition regions will be reviewed on the related art laundry
machine and the laundry machine of the embodiment.

The related art laundry machine has a structure in which vibration is transmitted from
the drum to the tub as it is, causing the tub to vibrate. Therefore, in taking the vibration
of the related art laundry machine into account, the tub is indispensible. However, in
general, the tub has, not only a weight of its own, but also substantial weights at a
front, a rear or a circumferential surface thereof for balancing. Accordingly, the related
art laundry machine has great mass of the vibration system.

Opposite to this, in the laundry machine of the embodiment, since the tub, not only
has no weight, but also is separated from the drum in view of a supporting structure,
the tub may not be put into account in consideration of the vibration of the drum.
Therefore, the laundry machine of the embodiment may have relatively small mass of
the vibration system.

Then, referring to FIG. 4, the related art laundry machine has mass m0 and the
laundry machine of the embodiment has mass m1, leading the laundry machine of the
embodiment to have a greater transition region, at the end.

Moreover, if the amounts of water contained in the laundry are taken into account
simply, Am in FIG. 4 will become greater, making a range difference of the transition
regions even greater. And, since, in the related art laundry machine, the water drops
into the tub from the drum even if the water escapes from the laundry as the drum
rotates, an amount of water mass reduction come from the spinning is small. Since the
laundry machine of the embodiment has the tub and the drum separated from each
other in view of vibration, the water escaped from the drum influences the vibration of
the drum, instantly. That is, the influence of a mass change of the water in the laundry

is greater in the laundry machine of the embodiment than the related art laundry
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of about 200 ~ 270rpm, A start RPM of the transient region of the laundry machine
according to this embodiment may be similar to a start RPM of the transient region of
the conventional laundry machine. An end RPM of the transient region of the laundry
machine according to this embodiment may increase more than a RPM calculated by
adding a value of approximately 30% of the start RPM to the start RPM. For example,
the transient region finishes at an RPM calculated by adding a value of approximately
80% of the start RPM to the start RPM. According to this embodiment, the transient
region may include a RPM band of approximately 200 to 350 rpm.

In the meantime, by reducing intensity of the vibration of the drum, unbalance may
be reduced. For this, even laundry spreading is performed for spreading the laundry in
the drum as far as possible before the rotation speed of the drum enters into the
transition region.

In a case, a balancer is used, a method may be put into account, in which the rotation
speed of the drum passes through the transition region while movable bodies provided
in the balancer are positioned on an opposite side of an unbalance of the laundry. In
this instance, it is preferable that the movable bodies are positioned at exact opposite of
the unbalance in middle of the transition region.

However, as described above, the transient region of the laundry machine according
to this embodiment is relatively wide in comparison to that of the conventional laundry
machine. Because of that, even if the laundry even-spreading step or ball balancing is
implemented in a RPM band lower than the transient region, the laundry might be in
disorder or balancing might be failed with the drum speed passing the transient region.

As a result, balancing may be implemented at least one time in the laundry machine
according to this embodiment before and while the drum speed passing the transient
region. Here, the balancing may be defined as rotation of the drum at a constant-speed
for a predetermined time period. Such the balancing allows the movable body of the
balancer to the opposite positions of the laundry, only to reduce the unbalance amount.
By extension, the effect of the laundry even-spreading. Eventually, the balancing is im-
plemented while the drum speed passing the transient region and the noise and
vibration generated by the expansion of the transient region may be prevented.

Here, when the balancing is implemented before the drum speed passing the transient
region, the balancing may be implemented in a different RPM band from the RPM of
the conventional laundry machine. For example, if the transient region starts at 200
RPM, the balancing is implemented in the RPM band lower than approximately 150
RPM. Since the conventional laundry machine has a relatively less wide transient

region, it is not so difficult for the drum speed to pass the transient region even with
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the balancing implemented at the RPM lower than approximately 150 RPM. However,
the laundry machine according to this embodiment has the relatively wide expanded
transient region as described above. if the balancing is implemented at the such the low
RPM like in the conventional laundry machine, the positions of the movable bodies
might be in disorder by the balancing implemented with the drum speed passing the
transient region. Because of that, the laundry machine according to this embodiment
may increase the balancing RPM in comparison to the conventional balancing RPM,
when the balancing is implemented before the drum speed enters the transient region.
That is, if the start RPM of the transient region is determined, the balancing is im-
plemented in a RPM band higher than a RPM calculated by subtracting a value of ap-
proximately 25% of the start RPM from the start RPM. For example, the start RPM of
the transient region is approximately 200 RPM, the balancing may be implemented in a
RPM band higher than 150RPm lower than 200 RPM.

Moreover, the unbalance amount may be measured during the balancing. That is, the
control method may further include a step to measure the unbalance amount during the
balancing and to compare the measured unbalance amount with an allowable
unbalance amount allowing the acceleration of the drum speed. If the measured
unbalance amount is less than the allowable unbalance amount, the drum speed is ac-
celerated after the balancing to be out of the transient region. In contrast, if the
measured unbalance amount is the allowable unbalance amount or more, the laundry
even-spreading step may be re-implemented. in this case, the allowable unbalance
amount may be different from an allowable unbalance amount allowing the initial ac-

celerating.

A relation of the positions of the balls and the position of the unbalance may be
defined as an angle of a center of centrifugal force of the balls (hereafter, a centrifugal
force center angle) with respect to a center of the centrifugal force of the unbalance.
Or, the relation of the positions of the balls and the position of the unbalance may be
defined as an angle (hereafter, a closet ball angle) of a closest ball from the unbalance
with respect to the center of the centrifugal force of the unbalance.

FIG. 5 illustrates a schematic view of a relation of unbalance UB versus ball
positions as the drum rotates. In FIG. 5, of the relation of unbalance UB versus ball
positions, the closest ball angle is 01 and the centrifugal force center angle is 02. For
convenience’s sake, a ball unbalance angle denotes 01 or 02.

The ball may be formed of steel, and if all of the balls are in contact with one another
on a line, the centrifugal force center will be P1 shown in FIG. 5.

As the drum rotates, the balls rotate by friction with the drum. Since movement of

the balls are not confined by the drum, the balls rotate at a speed different from the
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rotation speed of the drum. However, the unbalance, which is the laundry stuck to an
inside of the drum, can rotate at a speed almost the same with the rotation speed of the
drum owing to adequate friction and the lifts on the inside wall of the drum. Therefore,
the rotation speed of the unbalance is different from the rotation speed of the balls.
Since the balls rotate by rotation of the drum, the rotation speed of the unbalance is
faster than the rotation speed of the balls. More specifically, an angular velocity is
faster.

If the rotation speed of the drum becomes faster gradually, the balls come into close
contact with an outside circumferential surface of a ball housing portion of a racer, by
the centrifugal force. And, if the centrifugal force becomes greater, making friction
between the circumferential surface and the balls to be greater than a certain value, the
balls rotate at a rotation speed the same with the drum. In this case, the balls have fixed
positions with respect to the drum the same as the unbalance. In the specification, for
convenience’s sake, a case when the balls rotate while the balls have the fixed
positions with respect to the drum will be expressed as ‘balancing position” or
‘balancing is done’.

A lowest rotation speed of the balancing speed can vary with the ball balancers, and
with cases whether the ball balancer is mounted vertically, or horizontally. If the ball
balancer is mounted vertically, contact of the balls with the outside circumferential
surface of the ball housing portion of the racer can vary with positions due to gravity.
If a constant rotation speed can be kept at a certain rotation speed at which the
balancing can be made for a certain time period, the balls can be set at positions
opposite to a position of the unbalance exactly, i.e., the P2 position in FIG. 5.

In the meantime, the balancing may fail at a rotation speed lower than the transition
region due to low centrifugal force. Therefore, when it is intended to pass the transition
region, rather than passing through the transition region after making the balancing, it
is possible to position the balls on an opposite side of the unbalance during the rotation
speed of the drum passes through the transition region by making the positions of the
balls known while making the drum to rotate at a constant speed. That is, even if the
balancing can not be made, it is possible that the rotation speed passes through the
transition region while the balls are positioned on the opposite side of the unbalance.
For an example, referring to FIG. 5, it is possible that the rotation speed passes through
the transition region while the angle 01 or 02 between the balls and the unbalance is
90° or greater than 90°. In this instance, it will be more preferable if the angle is 180°
at middle of the transition region.

In the meantime, if the range of the transition region is wide such that the angle
between the balls and the unbalance becomes less than 90° in a state the rotation speed

does not pass the transition region yet, the vibration will become more intense as mass
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of the balls is added to the unbalance.

It is preferable that the angle between the balls and the unbalance is close to 180° for
reducing the vibration even if the angle between the balls and the unbalance is not less
than 90°.

Therefore, in a case the range of the transition region is wide like the laundry
machine of the embodiment, it may not be preferable to pass the transition region with
one time of acceleration.

A method for controlling a laundry machine to pass the transition region for
performing spinning will be described by using a graph showing a relation of a time
versus a rotation speed with reference to FIG. 6.

In FIG. 6, an a section denotes a first constant speed rotation step, a b section denotes
a second constant speed rotation step, a cl section denotes a first transition region step,
a c2 section denotes a second transition region step, and a c3 section denotes a third
transition region step.

In the a section, laundry spreading or laundry disentangling is performed, and a first
unbalance is sensed while the drum makes constant speed rotation at the first rotation
speed and the first unbalance is compared to a first allowable unbalance.

If the first unbalance sensed thus is below the first allowable unbalance, the drum is
accelerated up to a second rotation speed and kept rotated at the second rotation speed
(b section). In the b section, a second unbalance is sensed and compared to a second
allowable balance. If the second unbalance sensed thus is below a second allowable
unbalance, a preparation is made for passing the ¢ section which is a transition region.

First, in order to pass the ¢l section, positions of the balls are made known while
rotating the drum at a constant speed, to determine an acceleration time point tl. In the
c1 section, the t1 and an acceleration slope can be determined such that the angle
between the unbalance and the balls are 90° or greater than 90°. In this instance, the t1
and the acceleration slope can be determined such that the angle between the
unbalance and the balls is 180° at middle of the c1 section.

If the rotation speed of the drum passes through the c1 section and reaches to the
third rotation speed, the drum is kept rotating at a constant speed for a preset time
period (c2 section). In the c1 section, the angle between the unbalance and the balls
passes the 180 ° such that the unbalance and the balls come closer gradually, again.
Therefore, in the ¢2 section, while rotating in a constant speed, a preparation is made
for passing through the c¢3 section which is a remained transition region.

The c2 section is a section in which the angle between the unbalance and the balls is
made to increase again such that the rotation speed of the drum passes the ¢3 section in
a state the angle between the unbalance and the balls is greater 90°, again.

In the ¢2 section, the angle between the unbalance and the balls can be smaller than
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90°. However, as the constant speed is kept, the angle can be increased greater than 90
°, again. In a state the angle between the unbalance and the balls is greater than 90°,
the rotation speed of the drum is made to pass through the ¢3 section.

In this instance, the balancing can be made in the c2 section. That is, it is possible to
maintain a state in which the angle between the unbalance and the balls to be 180°. For
this, it is required to maintain the c2 section until the balancing is done. If it is intended
not to make the balancing in the c2 section, it is preferable that a section is included to
middle of the c2 section in which the angle between the unbalance and the balls is
180°.

If the balancing is done in the c2 section thus, since the vibration of the drum can
become smaller further, it is preferable to make the balancing in the c2 section.

And, since there can be almost no change of the positions of the balls once the
balancing is done in the c2 section thus, there can be nothing unnatural in passing the
transition region even if the c¢3 section is wide. Therefore, the c3 section can have a
range of the rotation speed greater than the c1 section. In other words, an inclination of
rotation speed of C3 may be larger than that of C1

Moreover, since the positions of the balls are not required to be taken into account
once the balancing is done in the c2 section, the rotation speed of the drum can pass the
c3 section, quickly. Accordingly, the ¢3 section can have the acceleration slope steeper
than the c1 section.

Since the balls are moving in the c1 section, if the rotation speed is increased too
quickly, the vibration can become unstable.

In the meantime, it is preferable that the third rotation speed is determined such that
the c1 section transits to the c2 section while vibration perpendicular to the rotation
shaft of the drum becomes smaller, gradually.

Since the angle between the unbalance and the balls can even be less than 90° in c2
section, it is preferable the transition is performed in a state the vibration of the drum
becomes small, adequately.

Accordingly, it is preferable that an average of intensity of the vibration of the drum
in the c2 section is below maximum intensity of the vibration in the c1 section.

In the meantime, in determining the c2 section, it is preferable that the intensity of
the vibration of the drum in the c¢3 section is smaller than the intensity of the vibration
of the drum in the c1 section. Since the ¢3 section has the rotation speed higher than
the c1 section, it is preferable that the ¢3 section has the intensity of the vibration of the
drum smaller than the intensity of the vibration of the drum in the c1 section. It is
preferable that maximum intensity of the vibration of the drum in the c¢3 section is
below an half of the maximum intensity of the vibration of the drum in the c¢1 section.

Even though the embodiment takes performance of the spinning as an example,
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besides the spinning, the embodiment can also be applied to a case, if any, in which the
drum is rotated exceeding the transition region.

As shown in FIG. 5, when the drum is rotated at a constant speed more than the
transient region as above, the vibration of the drum may occur such that displacement
at the front portion of the drum is equal to that at the rear portion of the drum. Ac-
cordingly, as shown in FIG. 7, an angle 03 between the front balls 32f and the rear
balls 32e may be within 90°. FIG. 7 is a diagram illustrating the position relation
between the front balls 32f and the rear balls 32e when viewed through the drum in a
forward direction.

At the transient region, a vibration mode where front displacement of the vibration of
the drum is different from rear displacement thereof may occur. For example, a
vibration mode where front displacement of the vibration of the drum is opposite to
rear displacement thereof may occur. For convenience’ sake, this vibration mode will
be referred to as a diagonal vibration mode. Meanwhile, the transient region of the
laundry machine of this embodiment may expand compared to the conventional
laundry machine. Therefore, the vibration mode of the drum may be changed due to
the expanded transient region, for example, the diagonal vibration mode can be
generated. In this diagonal vibration mode, if the rear balls 32f and the rear balls 32e
are maintained at an angle within the range of 90° as described above, unbalance to the
diagonal vibration mode may not be compensated normally, whereby the vibration of
the drum may become severe.

The aforementioned diagonal vibration mode may start to occur as the vibration of
the drum becomes close to natural vibration of the natural vibration mode corre-
sponding to the diagonal vibration mode.

Accordingly, in order to reduce the vibration of the drum, the positions of the front
balls 32f and the rear balls 32e should be corrected before the vibration of the drum
reaches the natural vibration of the diagonal vibration mode.

To this end, before the vibration of the drum reaches the natural vibration, the drum
is preferably subjected to constant speed rotation for a predetermined time at a rotation
speed where the diagonal vibration mode occurs, whereby the positions of the front
balls 32f and the rear balls 32e are corrected to compensate for unbalance.

In particular, the aforementioned laundry machine of this embodiment has a different
structure from that of the related art. Since the natural vibration mode corresponding to
the diagonal vibration mode may occur at the transient region, it is preferably required
to correct the positions of the balls as described above.

Hereinafter, a control method for passing through the transient region to carry out a
spinning cycle in the aforementioned laundry machine will be described using a

rotation speed graph of the drum based on the passage of time with reference to FIG. 8.
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In FIG. 8, period ‘a’ denotes a first constant speed rotation step, period ‘b’ a second
constant speed rotation step, period ‘cl’ a first transient region step, period ‘c2’ third
constant speed rotation step, period ‘c3’ a second transient region step, and period ‘d’
fourth constant speed rotation step.

First of all, at the period ‘a’, laundry distribution or laundry disentangling is carried
out, and a first unbalance value is sensed while the drum is rotated at a constant speed
of a first rotation speed, and then the sensed first unbalance value is compared with a
first allowable unbalance value.

At this time, if the sensed first unbalance value is less than the first allowable
unbalance value, the drum is accelerated to reach a second rotation speed and then
rotated at a constant speed (period ‘b”). At the period ‘b’, a second unbalance value is
sensed and then the sensed second unbalance value is compared with a second
allowable unbalance value. If the sensed second unbalance value is less than the
second allowable unbalance value, the drum is subjected to warming-up for passing
through the transient region period ‘c’.

In this case, as shown in A of FIG. 8, at the first transient region period ‘cl’, the
natural vibration mode where vibration displacement at the front portion of the drum is
equal to that at the rear portion of the drum occurs. As shown in B of FIG. §, at the
second transient region period ‘c3’, the natural vibration mode corresponding to the
diagonal vibration mode where vibration displacement at the front portion of the drum
is contrary to that at the rear portion of the drum occurs.

First of all, in order to pass through the period ‘c1’, the drum is rotated at a constant
speed at the period ‘b’ to check the position of the ball, whereby an acceleration timing
t1 is determined. At the period ‘c1’, t1 and its acceleration inclination are determined
such that the angle between the unbalance and the ball is in the range of 90° or more.
At this time, in the middle of the period ‘c1’, t1 and its acceleration inclination can be
determined such that the angle between the unbalance and the ball is in the range of
180°. At the period ‘cl’, the centrifugal force center of the front balls 32f and the cen-
trifugal force center of the rear balls 32e can define an angle within the range of 90°
based on the rotation center of the drum when viewed in a forward direction.
Preferably, the front balls 32f and the rear balls 32e are located within the range of 90°
to reduce the vibration of the vibration mode where displacement at the front portion of
the drum and displacement at the rear portion of the drum are equal to each other in a
perpendicular direction with respect to the rotational shaft.

If the rotation speed of the drum reaches the third rotation speed via the period ‘c1’,
the drum is rotated at a constant speed for a predetermined time (period ‘c2’). The
period ‘c2’ may be regarded as a warming-up period for passing through the natural

vibration mode corresponding to diagonal vibration that may occur at the period ‘c3’.
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At the period ‘c2’, the drum may be vibrated in the diagonal vibration mode as it is
rotated at a rotation speed near the natural vibration of the natural vibration mode cor-
responding to the diagonal vibration. At this time, as the drum is rotated at a constant
speed for a predetermined time, the position of the balls of the front ball balancer and
the rear ball balancer is varied depending on the corresponding vibration mode.

After passing through the period ‘c2’, the rotation speed of the drum passes through
the transient region at the period ‘c3’ in a state that the angle between the front balls
32f and the front unbalance and the angle between the rear balls 32e and the rear
unbalance are 90° or more, respectively. At this time, when viewed from the drum in a
forward direction, the angle between the front balls 32f and the rear balls 32e may be
90° or more. In order to reduce vibration of the diagonal vibration mode, it is
preferable that the angle between the front balls 32f and the rear balls 32e is 90° or
more.

The third rotation speed and the predetermined time can be determined considering
that the front ball balancer and the rear ball balancer are subjected to balancing. In
other words, as the drum is rotated at the third rotation speed for the predetermined
time, the third rotation speed and the predetermined time can be determined in such a
manner that the front balls 32f and the rear balls 32e are moved to a position for com-
pensating front unbalance and a position for compensating rear unbalance, re-
spectively, at angles of 180°, respectively, and then are maintained at their positions,
respectively.

In this embodiment, the third rotation speed is preferably set in the range of 250rpm
to 290rpm. If the rotation speed of the drum is too low, a vibration level of the
diagonal vibration mode becomes weak, whereby the period ‘c2’ becomes longer or
balancing may not be carried out preferably. Also, if the rotation speed of the drum is
too high, severe vibration occurs and movement of the balls becomes unstable,
whereby the positions of the balls may not be varied normally. Preferably, the third
rotation speed of the drum is set in the range of 270rpm. The period ‘c2’ is preferably
maintained for 30seconds, approximately.

The rotations speed of the drum strays from the transient region while it is passing
through the period ‘c3’ where the natural vibration mode corresponding to diagonal
vibration occurs. Afterwards, the rotation speed of the drum enters the period for
rotating the drum at high speed to carry out the spinning cycle. At this time, it is
necessary to vary the positions of the balls before the rotation speed of the drum enters
the main spinning step.

At the period ‘c2’, since the front balls and the rear balls are located to be suitable for
compensating the unbalance to diagonal vibration, they may not be suitable for the

main spinning step having a vibration mode different from the diagonal vibration
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speed of the drum is maintained at a constant speed rotation of a fourth rotation speed
after passing through the transient region will be required. In other words, it is
preferably required to realign the balls to be suitable for compensating the unbalance to
the vibration mode of the main spinning step.

As the balls are moved at the main spinning step, unbalance may occur severely. Ac-
cordingly, balancing is preferably carried out at the period ‘d’. In other words, the
rotation speed of the drum is preferably maintained at the fourth rotation speed suitable
for the corresponding vibration mode such that the balls are located to compensate for
unbalance.

The fourth rotation speed is preferably determined at a rotation speed that does not
allow the diagonal vibration mode if possible. For example, the fourth rotation speed is
preferably determined at a rotation speed different from the natural vibration of the
diagonal vibration mode as much as a predetermined rate, whereby the fourth rotation
speed is not affected by the diagonal vibration mode.

At the period ‘d’, the rotation speed of the drum can maintained in the range of
370rpm to 390rpm for 50seconds to 70seconds, preferably 60seconds.

In the mean time, it is preferable that the acceleration inclination at the period ‘c1’ is
smaller than that at the period ‘c3’. If the balancing is carried out at the third rotation
speed, since the balls may little be moved, the rotation speed of the drum can quickly
pass through the period ‘c3’. However, the balls continue to move without being
balanced at the period ‘c1’, and considering such a movement of the balls, the rotation
speed for passing through the period ‘c1’ is determined.

Finally, after passing through the period ‘d’, the main spinning step is carried out at
1000rpm or more to spin the laundry.

Although the spinning cycle is carried out for example in this embodiment, this em-
bodiment may be applied to any other case where the drum is rotated at a speed more
than the transient region.

First, vibration characteristics of the laundry machine according to the embodiment
of the present invention will now be described with reference to FIG. 9.

As the rotation speed of the drum is increased, a region (hereinafter, referred to as
“transient vibration region”) where irregular transient vibration with high amplitude
occurs is generated. The transient vibration region irregularly occurs with high
amplitude before vibration is transited to a steady-state vibration region (hereinafter,
referred to as “steady-state region”), and has vibration characteristics determined if a
vibration system (laundry machine) is designed. Though the transient vibration region

is different according to the type of the laundry machine, transient vibration occurs ap-
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proximately in the range of 200rpm to 270rpm. It is regarded that transient vibration is
caused by resonance. Accordingly, it is necessary to design the balancer by considering
effective balancing at the transient vibration region.

In the mean time, as described above, in the laundry machine according to the em-
bodiment of the present invention, the vibration source, i.e., the motor and the drum
connected with the motor are connected with the tub 12 through the rear gasket 250.
Accordingly, vibration occurring in the drum is little forwarded to the tub, and the
drum is supported by a damping means and the suspension unit 180 via a bearing
housing 400. As a result, the tub 12 can directly be fixed to a cabinet 110 without any
damping means.

As aresult of studies of the inventor of the present invention, vibration charac-
teristics not observed generally have been found in the laundry machine according to
the present invention. According to the general laundry machine, vibration
(displacement) becomes steady after passing through the transient vibration region.
However, in the laundry machine according to the embodiment of the present
invention, a region (hereinafter, referred to as “irregular vibration”) where vibration
becomes steady after passing through the transient vibration region and again becomes
great may be generated. For example, if the maximum drum displacement or more
generated in an RPM band lower than the transient region or the maximum drum dis-
placement or more of steady state step in a RPM band higher than the transient region
is generated, it is determined that irregular vibration is generated. Alternatively, if an
average drum displacement in the transient region, +20% to -20% of the average drum
displacement in the transient region or 1/3 or more of the maximum drum dis-
placement in the natural frequency of the transient region are generated, it may be de-
termined that the irregular vibration is generated.

However, as a result of the studies, irregular vibration has occurred in a RPM band
higher than the transient region, for example has occurred at a region (hereinafter,
referred to as “irregular vibration region”) in the range of 350 rpm to 1000rpm, ap-
proximately. Irregular vibration may be generated due to use of the balancer, the
damping system, and the rear gasket. Accordingly, in this laundry machine, it is
necessary to design the balancer by considering the irregular vibration region as well
as the transient vibration region.

For example, the balancer is provide with a ball balancer, it is preferable that the
structure of the balancer, i.e., the size of the ball, the number of balls, a shape of the
race, viscosity of oil, and a filling level of oil are selected by considering the irregular
vibration region as well as the transient vibration region. When considering the
transient vibration region and/or the irregular vibration region, especially considering

the irregular vibration region, the ball balancer has a greater diameter of 255.8mm and
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a smaller diameter of 249.2. A space of the race, in which the ball is contained, has a
sectional area of 411.93mm2. The number of balls is 14 at the front and the rear, re-
spectively, and the ball has a size of 19.05mm. Silicon based oil such as Poly
Dimethylsiloxane (PDMS) is used as the oil. Preferably, oil has viscosity of 300CS at a
room temperature, and has a filling level of 350cc.

In addition to the structure of the balancer, in view of control, it is preferable that the
irregular vibration region as well as the transient vibration region is considered. For
example, to prevent the irregular vibration, if the irregular vibration region is de-
termined, the balancing may be implemented at least one time before, while and after
the drum speed passes the irregular vibration region. Here, if the rotation speed of the
drum is relatively high, the balancing of the balancer may not be implemented properly
and the balancing may be implemented with decreasing the rotation speed of the drum.
however, if the rotation speed of the drum is decreased to be lower than the transient
region to implement the balancing, it has to pass the transient region again. In de-
creasing the rotation speed of the drum to implement the balancing, the decreased
rotation speed may be higher than the transient region.

A control method of the laundry machine according to the embodiment of the present
invention will be described with reference to FIG. 10 to FIG. 12. When washing is
carried out by the laundry machine, the washing course generally includes a washing
cycle, a rinsing cycle, and a spinning cycle. In this embodiment, the spinning cycle that
is likely to cause irregular vibration due to high speed rotation of the drum will mainly
be described.

FIG. 10 is a graph illustrating an example of a control method of a laundry machine
according to the present invention. The graph of FIG. 10 illustrates variation of the
rotation speed of the drum based on the passage of time. In FIG. 10, a horizontal axis
represents time, and a vertical axis represents a target rotation speed of the drum, i.e.,
revolutions per minute (RPM).

For reference, before a control method for reducing irregular vibration is described,
the spinning cycle will be described. The spinning cycle includes a laundry distributing
step S100 and a spinning step S200. The laundry distributing step S100 serves to
uniformly distribute the laundry inside the drum to reduce occurrence of unbalance.
The spinning step S200 serves to substantially remove water of the laundry by in-
creasing the rotation speed of the drum at a relatively high speed. However, it is to be
understood that the laundry distributing step and the spinning step are classified for
convenience based on their main functions and are not limited to their main functions.
For example, even in the laundry distributing step, water may be removed from the
laundry by rotation of the drum.

The laundry distributing step S100 includes a wet laundry sensing step S110, a
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laundry disentangling step S130, and an unbalance sensing step S150. The spinning
step S200 can be divided into a main spinning step S260 for substantially carrying out
spinning at a predetermined speed and an accelerating step S250 for reaching the main
spinning step S260. In this case, the accelerating step S250 means that acceleration is
carried out to reach the main spinning step. However, the accelerating step 250 is not
intended to carry out acceleration continuously without deceleration or constant speed.
In other words, the accelerating step S250 includes an acceleration step together with
deceleration and constant speed steps.

First of all, the laundry distributing step S100 will be described in more detail.

If the rinsing cycle ends, the laundry inside the drum is wetted. A control part
initially senses the amount of laundry inside the drum, i.e., the amount of wet laundry
if the spinning cycle starts (S110). The reason why that the control part senses the
amount of wet laundry is that weight of laundry containing water is different from that
of dry laundry even though the control part initially senses the amount of laundry,
which is not wet, i.e., the amount of dry laundry. The sensed amount of wet laundry
may be used as a factor that determines an allowable condition for accelerating the
drum at the spinning step S200 or determines a rotation speed T{-RPM of the drum at
the main spinning step S260.

The amount of wet laundry is sensed by accelerating the drum at a predetermined
speed A-RPM, generally within the range of 108RPM and decelerating the drum by
braking power. Since this sensing of the amount of wet laundry is widely known, its
detailed description will be omitted. After sensing the amount of wet laundry, the
control part carries out the laundry disentangling step to distribute the laundry inside
the drum (S130). The laundry disentangling step is to uniformly distribute the laundry
inside the drum, thereby preventing an unbalance rate of the drum from being
increased by concentration of the laundry on a specific region. This is because that
vibration increases when the rotation speed of the drum increases if the unbalance rate
is increased. Subsequently, the control part senses the unbalance rate (S150). If the
laundry inside the drum is not distributed uniformly but concentrated on a prede-
termined region, the unbalance rate is increased, whereby vibration may be caused
when the rotation speed of the drum is increased. Accordingly, the control part de-
termines whether to accelerate the drum by sensing the unbalance rate of the drum.
Unbalance sensing is carried out using the difference in acceleration when the drum is
rotated. Namely, when the drum is rotated, the difference in acceleration between the
case where the drum is rotated downwardly and the case where the drum is rotated
upwardly occurs depending on an unbalance level. The control part measures this
difference in acceleration by using a speed sensor such as a hole sensor provided in a

driving motor, thereby sensing the unbalance rate. Accordingly, if the unbalance rate is



20

WO 2011/025324 PCT/KR2010/005820

[146]
[147]

[148]

[149]

[150]

[151]

sensed, the laundry inside the drum sticks to an inner wall of the drum without
dropping even though the drum is rotated. In this case, the drum is rotated in the range
of 108 RPM, approximately.

The spinning step S200 will be described in more detail.

As described above, the spinning step S200 can be divided into a main spinning step
5260 for substantially carrying out spinning at a predetermined speed T{-RPM and an
accelerating step S250 for reaching the main spinning step S260. In order to reach the
main spinning step, i.e., main spinning speed Tf-RPM, the rotation speed of the drum
should pass through the transient vibration region R1 and the irregular vibration region
R2. As described above, if the transient vibration region R1 has natural vibration char-
acteristics determined by the structure of the laundry machine, and is in the range of
200RPM to 350RPM, approximately.

According to the studies of the inventor of the present invention, the irregular
vibration region R2 is regarded as specific vibration characteristics of the embodiment
of the present invention. Such irregular vibration is not always generated but is likely
to be generated relatively. The irregular vibration was occurred in the range of
400RPM to 1000RPM, approximately.

When the rotation speed of the drum passes through the transient vibration region R1
and the irregular vibration region R2, great vibration occurs irregularly in the laundry
machine. Accordingly, it is preferable that the control part appropriately controls
rotation of the drum to allow the drum to effectively pass through the transient
vibration region R1 and the irregular vibration region R2. Since many suggestions for
the transient vibration region R1 have been provided, detailed description of the
transient vibration region R1 will be omitted herein. Hereinafter, the control method of
the irregular vibration region R2 will mainly be described.

In this embodiment, the control method of the irregular vibration region R2 includes
an irregular vibration region determining step for determining the irregular vibration
region R2 of the laundry machine and a balancing step for carrying out balancing by
rotating the drum at a predetermined balancing speed for a predetermined time based
on the determined irregular vibration region R2 to allow the ball to be located in an
opposite position of an unbalanced position.

Preferably, the balancing step is carried out at least one time before the rotation speed
of the drum belongs to the irregular vibration region R2, while the rotation speed of the
drum is passing through the irregular vibration region R2, and after the rotation speed
of the drum passes through the irregular vibration region R2. This is because that
balanced balls may be likely to be detached from the balancing position as irregular
vibration is likely to occur at the irregular vibration region R2. This is also because that

greater vibration may occur due to unbalance as the ball becomes unbalanced if it is
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not located at the opposite position of the unbalanced position. Accordingly, if
balancing is carried out at least one time before the rotation speed of the drum belongs
to the irregular vibration region R2, while the rotation speed of the drum is passing
through the irregular vibration region R2, and after the rotation speed of the drum
passes through the irregular vibration region R2, vibration of the laundry machine due
to irregular vibration that may occur can be reduced. Also, if balancing is carried out at
least one time before the rotation speed of the drum belongs to the irregular vibration
region R2, while the rotation speed of the drum is passing through the irregular
vibration region R2, and after the rotation speed of the drum passes through the
irregular vibration region R2, it is advantageous in that water is removed form the
laundry as the spinning step is carried out, and that unbalancing occurring due to the
difference in the spinning amount of laundry can be compensated.

Each balancing carried out before the rotation speed of the drum belongs to the
irregular vibration region R2, while the rotation speed of the drum is passing through
the irregular vibration region R2, and after the rotation speed of the drum passes
through the irregular vibration region R2 will be described as follows.

First of all, balancing (first balancing) carried out before the rotation speed of the
drum belongs to the irregular vibration region R2 will be described.

It is preferable that the drum is maintained at a predetermined balancing speed
B1-RPM (hereinafter, referred to as “first balancing speed”) for a predetermined time
t1 before the rotation speed of the drum belongs to the irregular vibration region R2. In
this case, since the ball can be located relatively exactly at the opposite position of the
unbalanced position one more time before the drum belongs to the irregular vibration
region R2, unbalance can be compensated relatively exactly, whereby irregular
vibration that may occur can be avoided. Also, even though the ball is detached from
the compensation position while the drum is passing through the irregular vibration
region R2, vibration can be reduced as compared with that balancing is not carried out
before the rotation speed of the drum belongs to the irregular vibration region R2.

Preferably, the first balancing speed B1-RPM is selected such that the ball can be
balanced effectively in view of the structure of the ball balancer. The ball is not
balanced effectively at every rotation speed of the drum. If the rotation speed of the
drum is too small, balancing effect is deteriorated. According to the studies of the
inventor of the present invention, when the rotation speed of the drum is in the range of
200RPM to 800RPM, approximately, the ball was balanced effectively. Especially, the
ball was balanced effectively in case of low speed and constant speed.

Accordingly, it is preferable that the first balancing speed B1-RPM is selected from
any one of 200RPM to 800RPM. More preferably, the first balancing speed B1-RPM
is selected from any one of 200RPM to 800RPM after the rotation speed of the drum
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passes through the transient vibration region R1. This is because that the ball may be
detached from the balancing position due to transient vibration when the first balancing
speed B1-RPM is selected from the speed of the transient vibration region.

Finally, if the irregular vibration region R2 is in the range of 400RPM to 1000RPM,
approximately and the transient vibration region R1 is in the range of 200RPM to
350RPM, approximately, it is preferable that the first balancing speed B1-RPM is
selected from the range of 350RPM to 400RPM, approximately. As a result of the
studies of the inventor of the present invention, the first balancing speed was
preferably in the range of 380RPM. Also, the first balancing speed B1-RPM was
preferably maintained in the range of 30seconds to 60seconds.

Next, balancing (second balancing) carried out while the drum is passing through the
irregular vibration region R2 will be described.

It is preferable that the drum is maintained at a predetermined balancing speed
B2-RPM (hereinafter, referred to as “second balancing speed”) for a predetermined
time t2 even at the irregular vibration region R2. This is because that irregular
vibration may be likely to occur at the irregular vibration region R2 and thus the ball
may be detached from the balancing position while passing through the irregular
vibration region R2. Accordingly, it is preferable that balancing is carried out one more
time while the rotation speed of the drum is passing through the irregular vibration
region R2, so as to allow the ball to be located exactly at the opposite position of the
unbalanced position.

Preferably, the second balancing speed B2-RPM is selected such that the ball can be
balanced effectively (200RPM to 800RPM) in view of the structure of the ball
balancer. Accordingly, if the irregular vibration region R2 is in the range of 400RPM
to 1000RPM, approximately, the second balancing speed B2-RPM is preferably
selected from the range of 400RPM to 800RPM, approximately. As a result of the
studies of the inventor of the present invention, the second balancing speed was
preferably in the range of 600RPM corresponding to an intermediate level of the
irregular vibration region R2.

Next, balancing (third balancing) carried out after the rotation of the drum passes
through the irregular vibration region R2 will be described with reference to FIG. 11.

In this embodiment, the drum is maintained at a predetermined balancing speed
B3-RPM (hereinafter, referred to as “third balancing speed”) for a predetermined time
t3 after it passes through the irregular vibration region R2. This is because that the ball
may be detached from the balancing position after the rotation speed of the drum
passes through the irregular vibration region R2 as the balanced ball is distributed due
to irregular vibration occurring in the irregular vibration region R2 while the rotation

speed of the drum is passing through the irregular vibration region R2. In other words,
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if balancing is carried out one more time after the rotation speed of the drum passes
through the irregular vibration region R2, unbalancing can be compensated stably
while the drum is being accelerated at a main spinning speed Tf-RPM or at the main
spinning speed, whereby vibration can be reduced.

The third balancing speed B3-RPM may be selected at a specific speed, i.e., a
rotation speed greater than that of the irregular vibration region R2 after the rotation
speed of the drum passes through the irregular vibration region R2. However, in this
case, balancing may not be carried out effectively. Accordingly, it is preferable that the
third balancing speed B3-RPM is selected such that the ball can be balanced ef-
fectively in view of the structure of the ball balancer. In this respect, if the irregular
vibration region R2 is in the range of 400RPM to 1000RPM, approximately, the third
balancing speed B3-RPM is preferably selected from the range of 400RPM to
800RPM, approximately. In other words, it is preferable that the drum is decelerated at
the third balancing speed B3-RPM for balancing after the rotation speed of the drum
passes through the irregular vibration region R2 and then is accelerated to reach the
main spinning speed T{-RPM.

In this case, the rotation speed of the drum again passes through the irregular
vibration region R2. According to the studies of the inventor of the present invention,
in view of vibration reduction, it was effective that the third balancing is not carried
out. In other words, irregular vibration does not always occur and weight of the
laundry is reduced and unbalance is also reduced as water is removed from the laundry
in accordance with the spinning cycle. Accordingly, the probability of irregular
vibration is reduced if the drum is decelerated after its rotation speed passes through
the irregular vibration region R2 and then is accelerated again subsequently to
balancing.

Also, for third balancing, if the drum is accelerated to reach the main spinning speed
Tf-RPM after being decelerated at the third balancing speed B3-RPM, the time
required for the main spinning step S260 can be reduced. In other words, when a target
water content of the laundry is defined, spinning is carried out even in the case that the
drum is accelerated after being decelerated at the third balancing speed B3-RPM. Ac-
cordingly, the time required for the main spinning step S260 can be reduced.
Generally, a problem may occur in that vibration is caused if the drum is rotated at
high speed. However, since the time required for the main spinning step S260 carried
out by the drum at the highest rotation speed can be reduced, vibration can be reduced.
In other words, as a result of the studies, since vibration occurring in the main spinning
step S260 may cause a problem as compared with vibration that may occur when the
rotation speed of the drum passes through the irregular vibration region after the third

balancing, it was effective that the third balancing prevents vibration from occurring.
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In the mean time, as a result of the studies of the inventor of the present invention, it
was noted that the third balancing speed B3-RPM is preferably low but should be more
than 350RPM so as not to be again in the range of the transient vibration region. More
preferably, it was noted that the third balancing speed B3-RPM is 380RPM equally to
the first balancing speed B1-RPM. In other words, it was preferably noted that the
rotation speed of the drum is decelerated at the first balancing speed B1-RPM after
passing through the irregular vibration region (Tm-RPM) and then accelerated to reach
the main spinning speed Tf-RPM after being maintained at the first balancing speed
B1-RPM for a predetermined time.

In the mean time, as shown in FIG. 12, the rotation speed of the drum may be
maintained at a predetermined constant speed Tm-RPM for a predetermined time t4
without being directly decelerated at the third balancing speed B3-RPM after passing
through the irregular vibration region R2. In this case, the water content of the laundry
can be more reduced when the rotation speed of the drum is maintained at the prede-
termined constant speed Tm-RPM for the predetermined time t4. Accordingly, the
rotation speed of the drum can be more reduced when it is in the range of the main
spinning speed T{-RPM corresponding to the highest rotation speed. As a result, it is
advantageous in that vibration due to high rotation speed can be reduced.

It will be apparent to those skilled in the art that various modifications and variations
can be made in the present invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cover the modifications and
variations of this invention provided they come within the scope of the appended
claims and their equivalents.

As shown in FIG. 13, in consideration of noise due to collision of the balls and the
size of the ball balancer, it is preferable that the number of the balls be approximately
4~20. Further, if the capacity of the ball balancer is 350g, the minimal size of the balls
is approximately 17mm.

According to the research results of the inventor(s) of the present invention, in the
laundry machine accordance with this embodiment, if balls having a size of 17mm de-
termined by the theoretical function are used, irregular vibration occurred, and if balls
having a size of more than 17mm are used, irregular vibration did not occur, as shown in
FIGs. 14(a) and 6(b). Further, vibration in the transient vibration region if the number
of the balls corresponding to the size of 17mm is 18 was also greater than vibration in
the transient vibration region if the number of the balls corresponding to the size of
19mm is 14.

It is thought that during actual operation of the laundry machine, the size of the balls
determined by the theoretical function is excessively small, and thus centrifugal force

applied to the balls is reduced and frictional force to prevent movement of the balls is
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reduced, and thereby positions of the balls are diffused and cause irregular vibration.
Therefore, it is preferable that the size of the balls be larger than the size determined by
the theoretical function and the number of the balls be determined based on the
obtained size of the balls.

Next, the shapes of the race 312a of the ball balancer 310 will be described, with
reference to FIGs. 16(a) to 8(c).

It is preferable that the shape of the race 312a, the size of the race 312a, the size of
the balls 312, and the viscosity of the oil 312b be determined in consideration of
vibration characteristics of the laundry machine. FIG. 16(a) illustrates the race 312a
having a substantially square cross-sectional shape in which the cross-sectional area of
the ball 312 is 437mn and the cross-sectional area of the race 312a except for the ball
312 is 152mm', FIG. 16(b) illustrates the race 312a having a substantially square cross-
sectional shape in which the cross-sectional area of the ball 312 is 412mn (reduced by
6% compared with the race 312a of FIG. 16(a)) and the cross-sectional area of the race
312a except for the ball 312 is 127mm (reduced by 16% compared with the race 312a of
FIG. 16(a)), and FIG. 16(c) illustrates the race 312a having a substantially rectangular
cross-sectional shape.

According to the research results, the races 312a having a substantially rectangular
cross-sectional shape, as shown in FIGs. 16(a) and 16(b), were advantageous. That is,
the races 312a of FIGs. 16(a) and 16(b) have similar performances in the transient
vibration region and the steady-state vibration region, and the race 312a of FIG. 16(b)
has excellent performance in the irregular vibration region. However, the race 312a of
FIG. 16(c) generates high vibration in the irregular vibration region, as shown in FIG.
17. It is thought that the race 312a of FIG. 16(c) has a large cross-sectional shape and
thus movement of the balls 312 easily occurs. Therefore, it is preferable that the race
have a substantially square cross-sectional shape. Further, it is preferable that the balls
be comparatively densely distributed in the race.

Next, the viscosity of the oil and the filling amount of the oil in the race, i.e., a filling
ratio of the oil will be described, with reference to FIG. 18.

As research results, it is thought that the viscosity of the oil and the filling ratio of the
oil also affect irregular vibration. First, if the amount of the oil is less than ap-
proximately 350cc, irregular vibration was impermissibly high. Therefore, it is
preferable that the amount of the oil be more than 350cc. If the amount of the oil is
more than 350cc, a difference in generation of the irregular vibration was not re-
markable. However, if the amount of the oil is increased, the amount of the oil caused
a large resistance to movement of the balls and it was difficult to sense unbalance of
laundry in the drum. That is, an unbalance sensing time and dispersion were increased.

Therefore, it is preferable that the amount of the oil be 300cc. Further, the amount of
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the oil is regarded as the filling ratio (amount of oil/inner volume of race) in
connection with the shape of the race 132a, and the filling ratio is preferably more than
40%, and more preferably more than 60%.

Further, if the viscosity of the oil is less than a designated value, i.e., less than at least
300CS at room temperature, generation of irregular vibration become issue. Therefore,

it is preferable that the viscosity of the oil be more than 300CS.
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Claims

A control method of a laundry machine provided with a balancer, the
control method comprising:

balancing step performed at least three times in a spinning cycle.

The control method as claimed in claim 1, further comprising:

a step configured to balance the drum at least one time before and while
a rotation speed of the drum passes a transient region.

The control method as claimed in claim 2, wherein the transient region
is defined as a RPM region between a start RPM and an end RPM more
than a RPM calculated by adding a value of 30% of the start RPM to
the start RPM.

The control method as claimed in claim 2, wherein the transient region
comprises a RPM band of 200 to 350 rpm.

The control method as claimed in claim 2, wherein the balancing is im-
plemented in a RPM band higher than a RPM calculated by subtracting
a value of approximately 25% of the start RPM from the start RPM, if
balancing is implemented before the drum speed passes the transient
region.

The control method as claimed in claim 5, wherein the balancing RPM
is lower than the start RPM of the transient region.

The control method as claimed in claim 2, wherein the balancing is im-
plemented at a balancing RPM band of 150 RPM or higher and lower
than 200 RPM before the drum speed passes the transient region.

The control method as claimed in claim 2, wherein the laundry machine
includes a balancer and the control method comprising:

a first transient region step for starting acceleration of the drum in a
state an angle between an unbalance and balls is 90° or greater than 90°
to enter into a transient region;

a third constant speed rotation step for rotating the drum at a constant
speed of a third rotation speed to increase the angle between the
unbalance and the balls again; and,

a second transient region step for accelerating the drum to a rotation
speed higher than the third rotation speed in a state the angle between
the unbalance and the balls is 90° or greater than 90° for escaping from
the transient region.

The control method as claimed in claim 8, further comprising a first

constant speed rotation step for rotating the drum at a constant speed
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rotation of a first rotation speed to sense a first unbalance and to
compare the first unbalance to a first allowable unbalance.

[Claim 10] The control method as claimed in claim &, wherein the third constant
speed rotation step is maintained for a time period to make ball
balancing of the balancer.

[Claim 11] The control method as claimed in claim 10, wherein an inclination of
rotation speed of the second transient region step is larger than an in-
clination of rotation speed of the first transient region step.

[Claim 12] The control method as claimed in claim 10, wherein the laundry
machine includes a balancer and the second transient region step has an
acceleration slope steeper than the acceleration slope of the first
transient region step.

[Claim 13] The control method as claimed in claim &, wherein the third rotation
speed is determined such that the first transient region step transits to
the third constant speed rotation step while vibration perpendicular to
the rotation shaft of the drum becomes smaller, gradually.

[Claim 14] The control method as claimed in claim 13, wherein the third rotation
speed is determined such that an average of maximum intensity of the
vibration of the drum in the third constant speed rotation step is below
an half of the maximum intensity of the vibration of the drum in the
first transient region step.

[Claim 15] The control method as claimed in claim &, wherein the first transient
region step includes a section in which the angle between the unbalance
and the balls is 180°.

[Claim 16] The control method as claimed in claim 15, wherein the second
transient region step includes a section in which the angle between the
unbalance and the balls is 180°.

[Claim 17] The control method as claimed in claim 16, wherein the third constant
speed rotation step is maintained for a time period to make balancing of
the balancer.

[Claim 18] The control method as claimed in claim &, wherein the second transient
region step has a maximum intensity of vibration perpendicular to a
rotation shaft of the drum below an half of the maximum intensity of
the vibration in the first transient region step.

[Claim 19] The control method as claimed in claim 9, further comprising a second
constant speed rotation step of sensing a second unbalance of the drum
at a second rotation speed faster than the first rotation speed and

comparing the second unbalance with a second allowable unbalance.
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The control method as claimed in claim 1, wherein the laundry machine
comprises a front balancer provided with a front portion of the drum
and a rear balancer provided with a rear portion of the drum, the control
method comprises accelerating the drum and rotating the drum at a
constant speed of a predetermined rotation speed for a predetermined
time period, the predetermined rotation speed allowing that per-
pendicular displacement at the front portion of the drum is different
from that at the rear portion of the drum.

The control method as claimed in claim 20, wherein the predetermined
rotation speed is included in the transient region.

The control method as claimed in claim 20, wherein perpendicular dis-
placement at the front portion of the drum with respect to a rotational
shaft of a transient region is contrary to that at the rear portion of the
drum at the predetermined rotation speed.

The control method as claimed in claim 20, wherein the control method
further comprising:

a first transient region step for entering a transient region by ac-
celerating the drum;

a third constant speed rotation step for rotating the drum at a constant
speed of a third rotation speed for a first predetermined time, the third
rotation speed allowing that perpendicular displacement at the front
portion of the drum with respect to a rotational shaft of the transient
region is contrary to that at the rear portion of the drum; and

a second transient region step for straying from the transient region by
accelerating the drum at the third rotation speed or more.

The control method as claimed in claim 23, wherein the second
transient region step includes a rotation speed allowing a natural
vibration mode where perpendicular displacement to the rotational
shaft of the drum at the front portion of the drum is contrary to that at
the rear portion of the drum.

The control method as claimed in claim 24, wherein the first prede-
termined time of the third constant speed rotation step is determined
such that an angle between the front balls and front unbalance of the
drum is 90° or more and an angle between the rear balls and rear
unbalance of the drum is 90° or more.

The control method as claimed in claim 25, wherein the first prede-
termined time of the third constant speed rotation step is determined

such that an angle between a centrifugal force center of the front balls
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and the front unbalance is 180° and an angle between a centrifugal
force center of the rear balls and the rear unbalance is 180°.

The control method as claimed in claim 26, wherein the first prede-
termined time of the third constant speed rotation step is determined
such that the angle between the centrifugal force center of the front
balls and the front unbalance and the angle between a centrifugal force
center of the rear balls and the rear unbalance are uniformly
maintained, respectively.

The control method as claimed in claim 25, wherein, at the second
transient region step, an angle between the centrifugal force center of
the front balls and the centrifugal force center of the rear balls is 90° or
more when viewed at the front portion of the drum.

The control method as claimed in any one of claim 25 to claim 28,
wherein the third rotation speed of the third constant speed rotation step
is maintained in the range of 250rpm to 290rpm.

The control method as claimed in claim 29, wherein the third rotation
speed of the third constant speed rotation step is maintained at 270rpm.
The control method as claimed in any one of claim 25 to claim 27,
wherein the third rotation speed allows the front balancer and the rear
balancer to be subjected to balancing.

The control method as claimed in claim 31, wherein the second
transient region step has an acceleration inclination greater than that of
the first transient region step.

The control method as claimed in claim 23, further comprising the step
of a fourth constant speed rotation step for rotating the drum at a
constant speed of a fourth rotation speed for a second predetermined
time after the second transient region step.

The control method as claimed in claim 33, wherein the fourth rotation
speed allows the drum to be vibrated such that perpendicular dis-
placement to the rotational shaft of the drum at the front portion of the
drum is equal to that at the rear portion of the drum.

The control method as claimed in claim 33, wherein the first transient
region step includes a rotation speed allowing a natural vibration mode
where perpendicular displacement to the rotational shaft of the drum at
the front portion of the drum is equal to that at the rear portion of the
drum.

The control method as claimed in claim 35, wherein, at the first

transient region step, an angle between the centrifugal force center of
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the front balls and the centrifugal force center of the rear balls is within
90° when viewed at the front portion of the drum.

The control method as claimed in claim 23, further comprising:

a first constant speed rotation step for rotating the drum at a constant
speed of a first rotation speed, sensing a first unbalance, and comparing
the sensed first unbalance with a first allowable unbalance; and

a second constant speed rotation step for sensing a second unbalance at
a second rotation speed of the drum greater than the first rotation speed
and comparing the sensed second balance with a second allowable
balance.

The control method as claimed in claim 1, wherein further comprising:
a step configured to determine an irregular vibration region of the
laundry machine; and

a balancing step implemented at least one time before a rotation speed
of a drum enters the irregular vibration region, while the rotation speed
is passing the irregular vibration region and after the rotation speed
passes the irregular vibration region.

The control method as claimed in claim 38, wherein the irregular
vibration region is determined to be generated if a maximum drum dis-
placement or more in a RPM band lower than the transient region or a
maximum drum displacement or more of a steady state step in a RPM
band higher than the transient region is generated.

The control method as claimed in claim 39, wherein the irregular
vibration is generated in a RPM band higher than the transient region.
The control method as claimed in claim 38, wherein the irregular
vibration is generated in a RPM band of 350 to 100 RPM.

The control method as claimed in claim 38, wherein the irregular
vibration is determined to be generated, if an average drum dis-
placement in the transient region, +20% to -20% of the average drum
displacement in the transient region or 1/3 or more of a maximum drum
displacement in a natural frequency is generated.

The control method as claimed in claim 38, wherein the step of
balancing the ball is carried out before the rotation speed of the drum
belongs to the irregular vibration region.

The control method as claimed in claim 43, wherein the balancing
speed in the step of balancing the ball is maintained at any one of
350rpm to 400rpm.

The control method as claimed in claim 43, wherein the balancing
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speed in the step of balancing the ball is maintained at 380rpm.

The control method as claimed in claim 38, wherein the step of
balancing the ball is carried out while the rotation speed of the drum is
passing through the irregular vibration region.

The control method as claimed in claim 46, wherein the balancing
speed in the step of balancing the ball is maintained by at least one of
350 rpm to 1000rpm.

The control method as claimed in claim 47, wherein the balancing
speed in the step of balancing the ball is maintained at 600rpm.

The control method as claimed in claim 38, wherein the step of
balancing the ball is carried out after the rotation speed of the drum
passes through the irregular vibration region.

The control method as claimed in claim 49, wherein the balancing
speed in the step of balancing the ball is selected from a speed region
suitable for balancing.

The control method as claimed in claim 50, wherein the step of
balancing the ball is carried out by the rotation speed of the drum,
which belongs to at least one of 200rpm to 800rpm.

The control method as claimed in claim 51, wherein the step of
balancing the ball is carried out by the rotation speed of the drum,
which belongs to 380rpm.

The control method as claimed in claim 51, wherein the drum is rotated
at a constant speed for a predetermined time after the rotation speed of
the drum passes through the irregular vibration region.

The control method as claimed in claim 1, wherein the laundry machine
comprises a driving unit comprising a shaft connected to a drum, a
bearing housing to rotatably support the shaft, and a motor to rotate the
shaft, and a suspension assembly is connected to the driving unit.

The control method as claimed in claim 1, wherein the laundry machine
comprises a rear gasket for sealing to prevent washing water from
leaking from a space between a driving unit and a tub, and enabling the
driving unit movable relative to the tub.

The control method as claimed in claim 1, wherein a tub is supported

rigidly more than a drum being supported by a suspension assembly.



1/18

WO 2011/025324 PCT/KR2010/005820

[Fig. 1]

500

600

400

450

520

530




2/18

WO 2011/025324 PCT/KR2010/005820
[Fig. 2]

200

\ 310 3123124 -2
NAL LY
S 3

110

~—H— 351

Tt 400

172
}170
174

~J
=
”("“ <

i, i 350
—~T~— 180
| ;
Y
/ { )] !l // = ____{ ——
— A\ . I S T A
R 8 N \ \ \ fa—
520 540 450 431

600



3/18

WO 2011/025324 PCT/KR2010/005820

[Fig. 3]

|- 33

310—

s\,/ 32

] 31a




4/18

PCT/KR2010/005820

WO 2011/025324

my+AM

my-Am my

m




5/18

WO 2011/025324 PCT/KR2010/005820
[Fig. 5]
UB
V2
P2 J
0, /

8

300,320,340



6/18

WO 2011/025324 PCT/KR2010/005820

[Fig. 6]

rpm

7777777777777777777777777777777777777777 j
P
S A
R
|
TPIE] frm o e e e e e e e T fREE e e e e e
! I C21CH
! i 13 I
|
! § 1 t2
‘ 3 ! ; ;
; a t b i C | d :




718

WO 2011/025324 PCT/KR2010/005820

[Fig. 7]

32r

32f



8/18

PCT/KR2010/005820

WO 2011/025324

[Fig. 8]

U013
JUISURI]

Twd

zwidi
cwds

pludt

wdi



9/18

PCT/KR2010/005820

WO 2011/025324

[Fig. 9]

whip
Jo WY

sy,

Borr ar o wp sE ] ome ame oRm e

ik e B e T R e

B e s SR DR o EREE S BE

' Al ApEED

W

4
i
i
#
§
i
§
1
3
1
%

e e e e e me w se wes  p m e e e e o e neg e ome wa o e o, b s v me v

S e e e R BED MR R bR .

wmmm-wgmwwmmlwwmwm

T

A A sEnTa L

e R e G R e W R w. R B o B RR sl M v R Ee

E T mT

P

e

2ol

"
4
HAFIRLIR 2]
]

Wl S

K

i, .

L R G R R el AR

WINIP 10
ymowaoedsiy




10/18

PCT/KR2010/005820

WO 2011/025324

[Fig. 10]

WLV

Wdd-1d

Wdd-Td

Wd¥-°L

Ndd



11/18

PCT/KR2010/005820

WO 2011/025324

[Fig. 11]

0TS 0018
A A
vV \
0578 0S1S 0€1S 0118
A <l?./_\l>) \»ii>i.iJ
1
m
““““““““““““““ WAV
IRl
B
-y
e WdY-14
8|
gggggggggggggggggggggggggggggggggggggggggggggggggggg WYL
ttttttttttttttttttttttttttttttttttttttttttttttttttttttt WY .ﬁ,w.
¥



12/18

PCT/KR2010/005820

WO 2011/025324

[Fig. 12]

00ZS 0018
A A\
/ v \
o 0928 05TS 0SIS 0LIS 0118
(oump —A A e A
WV
Ndd-14
WdE"1
Wd¥-'1
WY



WO 2011/025324

[Fig. 13]

Ball
Radius

13/18

PCT/KR2010/005820

Y =0.009798
Level = 046259

Number of Balls

0.45

04
033

03
Balancer

025 Capacily

(k)
02



PCT/KR2010/005820

120

_—— — — 4

120

14/18

e e e e e — S — i ———

40

40

WO 2011/025324

20

0

20



15/18

WO 2011/025324 PCT/KR2010/005820

[Fig. 15]

e
<o
|

e
(—
i

O
el
1

O
[
13

Transient Vibration (mm)

Number of Ball in Balancer



16/18

WO 2011/025324 PCT/KR2010/005820

[Fig. 16]

(a)

(b)




17/18

PCT/KR2010/005820

WO 2011/025324

[Fig. 17]




18/18

WO 2011/025324 PCT/KR2010/005820

[Fig. 18]

Damping Force 50N Condition

s R0 O 30008
= O
. A 150CS
5
=
=
= 1
[
E
an O ;
= 5T A a
— A QO
= . =
0
300cc 350cc 37bce 400cc

01l Volume



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings

