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(54) VIBRATION REDUCING DEVICE

(67)  The present invention relates to a vibration re-
duction device, and more particularly, to a vibration re-
duction device capable of reducing rolling noise by re-
ducing vibration in a low-frequency region as well as vi-
bration in a high-frequency region. A vibration reduction
device according to an exemplary embodiment of the
presentinvention includes: a pair of damper main bodies
disposed at both sides with a web portion of a rail inter-
posed therebetween, such that at least a part of the
damper main body is in contact with the web portion and
atleast another part of the damper main body is in contact
with a lower end portion of the rail which is connected to
the web portion; a plurality of inelastic collision balls pro-
vided in at least two through holes formed in each of the
pair of damper main bodies so as to be movable with
respect to the web portion or the lower end portion; and
a pair of housings configured to surround the pair of
damper main bodies from the outside in order to prevent
the damper main bodies from being exposed to the out-
side.

[FIG. 2]
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Description
[Technical Field]

[0001] The present invention relates to a vibration re-
duction device, and more particularly, to a vibration re-
duction device capable of reducing rolling noise by re-
ducing vibration in a low-frequency region as well as vi-
bration in a high-frequency region.

[Background Art]

[0002] Recently, noise generated by a high-speed train
wen the high-speed train moves has emerged as a major
environmental noise issue. Among others, rolling noise
is considered as a major cause of train noise. The rolling
noise refers to noise generated when a rail and a wheel
vibrate while a railroad vehicle moves. In order to reduce
the rolling noise, various types of dampers are being de-
veloped as described above.

[0003] In general, in a cross section of the rail, a web
has a smaller thickness than an upper end. For this rea-
son, when the rail vibrates due to a movement load of
the train, the upper end of the rail severely vibrates with
respect to the web.

[0004] Therefore, in the related art, a web damper has
been mainly used to block or reduce vibration of a railroad
track, and the web damper is designed to reinforce a
thickness of the web of the rail in order to increase rigidity
of the rail. The installed web damper may increase fre-
quencies of all types of vibration of the rail, thereby re-
ducing high-frequency components of the vibration.
[0005] The web damper in the related art is effective
in reducing the high-frequency components of the vibra-
tion. However, because the web increases only the thick-
ness, there is a limitation in reducing low-frequency com-
ponents of the vibration of the rail. Further, because a
length of the web damper is also increased by a length
of the rail, there is a problem in that material costs are
increased. In addition, because a main material of the
web damper is rubber, durability of the web damper de-
teriorates and the web damper is deformed when the
web damper is exposed to an external environment over
a long period of time.

[0006] Accordingly, there is a need for development of
a vibration reduction damper for a rail, which has a new
structure capable of implementing excellent vibration
properties in the entire frequency region, minimizing an
increase in costs, and preventing deformation caused by
external environments.

[0007] As arelated art, there is Korean Patent Appli-
cation Laid-Open No. 10-2016-0020018 entitled Noise
and Vibration Reduction Device (published on February
23, 2016).
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[Disclosure]
[Technical Problem]

[0008] One exemplary embodiment of the present in-
vention provides a vibration reduction device capable of
reducing rolling noise by reducing vibration in a low-fre-
quency region as well as vibration in a high-frequency
region, the vibration reduction device being capable of
being manufactured as a unit, instead of having a length
equal to a length of a rail, such that an interval between
the vibration reduction devices may be adjusted, thereby
reducing manufacturing costs.

[0009] Technical problems to be solved by the present
invention are not limited to the above-mentioned techni-
cal problem(s), and other technical problem(s), which are
not mentioned above, may be clearly understood by
those skilled in the art from the following descriptions.

[Technical Solution]

[0010] A vibration reduction device according to an ex-
emplary embodiment of the present invention includes:
a pair of damper main bodies disposed at both sides with
a web portion of a rail interposed therebetween, such
that at least a part of the damper main body is in contact
with the web portion and at least another part of the damp-
er main body is in contact with a lower end portion of the
rail which is connected to the web portion; a plurality of
inelastic collision balls provided in at least two through
holes formed in each of the pair of damper main bodies
so as to be movable with respect to the web portion or
the lower end portion; and a pair of housings configured
to surround the pair of damper main bodies from the out-
side in order to prevent the damper main bodies from
being exposed to the outside.

[0011] Inthe exemplary embodiment of the presentin-
vention, surfaces of the damper main body, which are
directed toward the web portion and the lower end por-
tion, may have shapes corresponding to external shapes
of the web portion and the lower end portion, and an
upper surface, a lateral surface, a front surface, and a
rear surface of the damper main body may be surrounded
by the housing.

[0012] Inthe exemplary embodiment of the presentin-
vention, the plurality of inelastic collision balls may be
disposed long in each of the at least two through holes
so as to be in contact with one another, a first through
hole, which is one of the at least two through holes, may
be opened toward the web portion so that the inelastic
collision balls are in contact with the web portion, and a
second through hole, which is another of the at least two
through holes, may be opened toward the lower end por-
tion so that the inelastic collision balls are in contact with
the lower end portion.

[0013] Inthe exemplary embodiment of the presentin-
vention, each of the first through hole and the second
through hole may have a cross-sectional shape corre-
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sponding to a shape of the inelastic collision ball, and
each of the first through hole and the second through
hole may be larger than the inelastic collision ball so that
the inelastic collision ball is movable.

[0014] Inthe exemplary embodiment of the presentin-
vention, a part of the inelastic collision ball may be in
contact with the web portion when the inelastic collision
ball is positioned at an initial position in the first through
hole, and a part of the inelastic collision ball may be in
contact with the lower end portion when the inelastic col-
lision ball is positioned at an initial position in the second
through hole.

[0015] Inthe exemplary embodiment of the presentin-
vention, the damper main body may be made of a rubber
material in order to absorb vibration generated from the
rail.

[0016] Inthe exemplary embodiment of the presentin-
vention, the damper main body may be made of a meta
material.

[0017] The vibration reduction device according to the
exemplary embodiment of the present invention may fur-
ther include a fixing unit configured to fix the pair of hous-
ings, which surround the pair of damper main bodies,
respectively, to the rail.

[0018] Inthe exemplary embodiment of the presentin-
vention, the fixing unit may include a pair of fixing clips
disposed in an X shape, and each of the pair of fixing
clips may include: a clip lower end portion configured to
be disposed on a lower surface of the rail; clip lateral
portions extending upward from both ends of the clip low-
er end portion and configured to fix lateral portions of the
housings; and clip upper end portions extending inward
from upper ends of the clip lateral portions and configured
to fix upper ends of the housings.

[0019] Inthe exemplary embodiment of the presentin-
vention, the pair of fixing clips, which is retracted inward,
may be disposed on the lower surface of the rail, and
then the pair of fixing clips may be spread outward, such
that the fixing unit may fix the pair of damper main bodies.
[0020] A vibrationreduction device according to anoth-
er exemplary embodiment of the present invention in-
cludes: a pair of damper main bodies disposed at both
sides with a web portion of a rail interposed therebe-
tween, such that at least a part of the damper main body
is in contact with the web portion and at least another
part of the damper main body is in contact with a lower
end portion of the rail which is connected to the web por-
tion; and a plurality of inelastic collision balls provided in
at least two through holes formed in each of the pair of
damper main bodies so as to be movable with respect
to the web portion or the lower end portion, in which the
plurality of inelastic collision balls is disposed longin each
of the at least two through holes so as to be in contact
with one another, a first through hole, which is one of the
at least two through holes, is opened toward the web
portion so that the inelastic collision balls are in contact
with the web portion, and a second through hole, which
is another of the at least two through holes, is opened
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toward the lower end portion so that the inelastic collision
balls are in contact with the lower end portion.

[0021] Inthe exemplary embodiment of the presentin-
vention, a part of the inelastic collision ball may be in
contact with the web portion when the inelastic collision
ball is positioned at an initial position in the first through
hole, and a part of the inelastic collision ball may be in
contact with the lower end portion when the inelastic col-
lision ball is positioned at an initial position in the second
through hole.

[0022] Otherdetailed matters of the exemplary embod-
iment are included in the detailed description and the
accompanying drawings.

[Advantageous Effects]

[0023] According to the exemplary embodiment of the
present invention, the vibration reduction device may re-
duce rolling noise by reducing vibration in a low-frequen-
cy region as well as vibration in a high-frequency region,
and the vibration reduction device may be manufactured
as a unit, instead of having a length equal to a length of
a rail, such that an interval between the vibration reduc-
tion devices may be adjusted, thereby reducing manu-
facturing costs.

[Description of Drawings]
[0024]

FIG. 1 is a perspective projection view illustrating a
vibration reduction device according to an exemplary
embodiment of the present invention when viewed
from one side.

FIG. 2 is a vertical cross-sectional view of FIG. 1.
FIG. 3is afrontprojection view of FIG. 2 when viewed
from one side.

FIG. 4 is a top plan projection view of FIG. 1 when
viewed from the top side.

FIG. 5 is a perspective view illustrating a pair of
damper main bodies illustrated in FIG. 1.

FIG. 6 is a perspective view of a fixing unitillustrated
in FIG. 1.

FIG. 7 is a view schematically illustrating a state in
which the vibration reduction devices illustrated in
FIG. 1 are installed on a simple rail.

FIGS. 8A and 8B are graphs illustrating results of
experiments on the simple rail.

FIGS. 9A and 9B are graphs illustrating results of
experiments on an actual rail.

[Description of Main Reference Numerals of Draw-
ings]

[0025]

100: Vibration reduction device
101: Rail
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103: Web portion

105: Lower end portion
110: Damper main body
111h: First through hole
115h: Second through hole
120: Inelastic collision ball
130: Housing

150: Fixing unit

[Best Mode]

[0026] Advantages and/or features of the present in-
vention and methods of achieving the advantages and
features will be clear with reference to exemplary em-
bodiments described in detail below together with the
accompanying drawings. However, the present invention
is not limited to the exemplary embodiments disclosed
herein but will be implemented in various forms. The ex-
emplary embodiments of the present invention are pro-
vided so that the present invention is completely dis-
closed, and a person with ordinary skill in the art can fully
understand the scope of the present invention. The
present invention will be defined only by the scope of the
appended claims. Like reference numerals indicate like
constituent elements throughout the specification.
[0027] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings.

[0028] FIG. 1is a perspective projection view illustrat-
ing a vibration reduction device according to an exem-
plary embodiment of the present invention when viewed
from one side, FIG. 2 is a vertical cross-sectional view
of FIG. 1, FIG. 3 is a front projection view of FIG. 2 when
viewed from one side, FIG. 4 is a top plan projection view
of FIG. 1 when viewed from the top side, FIG. 5 is a
perspective view illustrating a pair of damper main bodies
illustrated in FIG. 1, and FIG. 6 is a perspective view of
a fixing unit illustrated in FIG. 1.

[0029] Referring to FIGS. 1 to 4, vibration reduction
devices 100 according to the exemplary embodiment of
the present invention are provided at preset intervals on
a rail 101 and remove vibration of the rail 101, thereby
removing rolling noise. The vibration reduction device
100 may include a pair of damper main bodies 110 sym-
metrically disposed at both sides with a web portion 103
of the rail 101 interposed therebetween, a plurality of in-
elastic collision balls 120 provided ina damper main body
110 and configured to collide with the web portion 103
or a lower end portion 105 of the rail 101 to reduce vi-
bration, a pair of housings 130 configured to surround
the pair of damper main bodies 110, and a fixing unit 150
configured to fix the above-mentioned components to the
rail 101.

[0030] With the above-mentioned configuration, it is
possible to excellently reduce rolling noise by reducing
vibration in a low-frequency region as well as vibration
in a high-frequency region, and it is possible to reduce
discomfort that people living around the rail 101 and pas-
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sengers on board of the train receive due to noise.
[0031] The respective components will be described.
First, as illustrated in FIG. 2, the pair of damper main
bodies 110 is disposed at both sides with the web portion
103 of the rail 101 interposed therebetween. One portion
of a part of the damper main body 110, which is directed
toward the rail 101, is in surface contact with the web
portion 103 of the rail 101, and the other portion of the
part of the damper main body 110 is in surface contact
with the lower end portion 105 of the rail 101.

[0032] Thatis, a shape of the part of the damper main
body 110, which is directed toward the rail 101, corre-
sponds to a curved shape defined by the web portion 103
and the lower end portion 105 of the rail 101, such that
the damper main body 110 is accurately fitted with the
rail 101.

[0033] Referringto FIG. 5, the damper main body 110
has two through holes 111h and 115h formed in a longi-
tudinal direction thereof. The two through holes 111h and
115h have shapes opened in lateral directions, such that
the inelastic collision balls 120 disposed in the through
holes 111h and 115h may be exposed to the opened
portions of the through holes 111h and 115h.

[0034] However, the laterally opened portions of the
through holes 111h and 115h have a smaller size than
a diameter of the inelastic collision ball 120, and as a
result, it is possible to prevent the inelastic collision ball
120 from being withdrawn from the opened portion. The
inelastic collision ball 120 is provided in the form of a
bead, and the through holes 111h and 115h are filled
with the inelastic collision balls 120 in the longitudinal
direction. As the through holes 111h and 115h are fully
filled with the inelastic collision balls 120, the inelastic
collision balls 120 cannot be moved in the longitudinal
direction of the through holes 111h and 115h even though
the inelatic collision balls 120 may move in the lateral
directions.

[0035] Referring to FIGS. 2 and 5, the through holes
111h and 115h each have a slightly larger size than the
inelastic collision ball 120. For example, when the ine-
lastic collision balls 120 are in the state illustrated in FIG.
2, separation spaces of approximately 1 to 2 mm are
present between the inelastic collision balls 120 and the
through holes 111h and 115h. Therefore, the inelastic
collision balls 120 may move in the through holes 111h
and 115h.

[0036] With the above-mentioned configuration, when
the rail 101 vibrates, vibrational energy of a track of the
rail 101 is transmitted, as kinetic energy, to the inelastic
collision balls 120. This process may be continuously and
repeatedly performed to reduce the vibration of the rail
101, thereby reducing the rolling noise.

[0037] In particular, referring to FIGS. 2 and 5, the
through holes 111h and 115h are opened in the lateral
directions, but the opened portions of the through holes
111h and 115h are directed in different directions. That
is, the first through hole 111h of the two through holes
111h and 115h, which is disposed at the upper side, is
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directed toward the web portion 103 of the rail 101, and
the second through hole 115h disposed at the lower side
is directed toward the lower end portion 105 of the rail
101.

[0038] Therefore, when the inelastic collision balls 120
are positioned at initial positions in the first through hole
111h, that is, when no vibration occurs, the inelastic col-
lision balls 120 remain in contact with the web portion
103 ofthe rail 101. In contrast, when the inelastic collision
balls 120 are positioned at initial positions in the second
through hole 115h, the inelastic collision balls 120 remain
in contact with the lower end portion 105 of the rail 101.
[0039] With the above-mentioned configuration, when
the rail 101 vibrates, the inelastic collision balls 120 in
the first through hole 111h may vibrate in a horizontal
direction in the first through hole 111h and thus collide
with the web portion 103 of the rail 101 in an inelastic
manner, thereby reducing the horizontal vibration of the
rail 101.

[0040] Meanwhile, when the rail 101 vibrates, the ine-
lastic collision balls 120 in the second through hole 115h
may vibrate in a vertical direction in the second through
hole 115h and thus collide with the lower end portion 105
of the rail 101 in an inelastic manner, thereby reducing
the vertical vibration of the rail 101.

[0041] Assuch,inthe presentexemplary embodiment,
the inelastic collision balls 120 in the first through hole
111h may reduce the horizontal vibration of the rail 101,
and the inelastic collision balls 120 in the second through
hole 115h may reduce the vertical vibration of the rail
101, thereby reducing the rolling noise.

[0042] Further, the inelastic collision between the ine-
lastic collision balls 120 and the rail 101 may particularly
reduce the vibration in the high-frequency region among
the types of vibration of the rail 101.

[0043] Meanwhile, the above-mentioned damper main
body 110 may be made of a rubber material having its
own weight. Therefore, the vibration of the rail 101 is
absorbed by the damper main body 110 to some extent,
thereby reducing the vibration. In this case, the damper
main body 110 may effectively reduce the vibration in the
low-frequency region among the types of vibration of the
rail 101.

[0044] However, the damper main body 110 may also
be made of a meta material. The meta material is an
aggregate of composite elements arranged in a repetitive
pattern. The meta material has properties made by a
structure thereof, and the meta material designed to re-
duce vibration may interfere with electromagnetic waves
or sound in such a way that an object is not observed.
Therefore, since the damper main body 110 is made of
the meta material, it is possible to reduce rolling noise
and inverter noise as well as the vibration of the rail 101.
[0045] Meanwhile, in the present exemplary embodi-
ment, the housings 130 surround the damper main bod-
ies 110, and more accurately, the housings 130 surround
upper surfaces, lateral surfaces, front surfaces, and rear
surfaces of the damper main bodies 110, thereby pre-
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venting the damper main bodies 110 from being exposed
to the outside.

[0046] The housings 130 are structured to be simply
assembled with the damper main bodies 110. That is,
the upper and lateral surfaces of the damper main body
110 define a right angle therebetween, and the front and
rear surfaces also define right angles with respect to the
upper and lateral surfaces. The housing 130 also has an
inner surface having a shape corresponding to the shape
of the damper main body 110, and an external shape of
the housing 130 entirely corresponds to a part of rectan-
gular parallelepiped shape.

[0047] With the above-mentioned configuration, when
the housings 130 are coupled to the damper main bodies
110 as illustrated in FIG. 2, all the exposed portions of
the damper main bodies 110 may be covered, thereby
preventing the corrosion of the damper main bodies 110
and also preventing the inelastic collision balls 120 from
being withdrawn from the through holes 111h and 115h.
[0048] Meanwhile, in the present exemplary embodi-
ment, the fixing unit 150 is provided to fix the pair of damp-
ermain bodies 110 and the housings 130, which surround
the pair of damper main bodies 110, to the rail 101. As
illustratedin FIGS. 1 and 6, the fixing unit 150 may include
a pair of fixing clips disposed in an X shape.

[0049] Each of the pair of fixing clips may include a clip
lower end portion 151 configured to be disposed on a
lower surface of the rail 101, clip lateral portions 153 ex-
tending upward from both ends of the clip lower end por-
tion 151 and configured to fix lateral portions of the hous-
ings 130, and clip upper end portions 155 extending in-
ward from upper ends of the clip lateral portions 153 and
configured to fix upper ends of the housings 130.
[0050] The clip lower end portions of the pair of fixing
clips are structured to intersect each other, such that the
pair of fixing clips may be retracted inward or spread out-
ward about the intersection point.

[0051] Therefore, the pair of fixing clips, which is re-
tracted inward, is disposed on the lower surface of the
rail 101, and then the pair of fixing clips is spread outward,
such that the fixing unit 150 may fix the pair of housings
130.

[0052] That is, because the fixing unit 150, which is
retracted inward, has a larger width than the lower end
of the rail 101, the fixing unit 150 may be easily disposed
on the rail 101. Further, when the fixing unit 150 is spread
outward, the clip upper end portions are disposed on the
upper surfaces of the housings 130, such that the pair of
housings 130 may be securely fixed to the rail 101.
[0053] Meanwhile, hereinafter, how the vibration re-
duction effect is implemented will be described with ref-
erence to the drawings while comparing a case in which
the vibration reduction device 100 of the present exem-
plary embodiment is installed on a simple rail 101 and a
case in which the vibration reduction device 100 is in-
stalled on an actual rail 101.

[0054] FIG.7 isaviewschematically illustrating a state
in which the vibration reduction devicesillustrated in FIG.
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1 are installed on the simple rail, and FIG. 8A and FIG.
8B are graphs illustrating a result of an experiment on
the simple rail.

[0055] For example, as illustrated in FIG. 7, a total of
ten vibration reduction devices 100 were installed at an
equal interval on the rail 101 having a length of 6 m, and
vibration mounts 180 were installed at portions spaced
apart from both ends of the rail 101 by about 0.6 m, such
that a free end condition was satisfied. Further, the vi-
bration reduction effect on both ends of the rail 101 was
evaluated using an accelerometer.

[0056] In addition, during the experiment, UIC 60,
which is an actual high-speed railroad track, was used
in accordance with STARDAMP (standardization of
damping technologies for the reduction of railway noise)
in order to measure vibration reduction performance.
[0057] As a result of the evaluation, as illustrated in
FIG. 8A and 8B, it can be seen that a damping coefficient
of a transfer function for each mode is greatly increased
in alow-frequencyregion, and a transfer function is great-
ly decreased in a high-frequency band.

[0058] Further, as aresult of the evaluation in terms of
band gaps, it can be seen that in a band of 500 to 2,000
Hz at which the rolling noise particularly often occurs, the
frequency response is greatly decreased, and thus the
value of the damping factor in accordance with the dis-
tance is greatly improved.

[0059] Meanwhile, FIGS. 9A and 9B are graphs illus-
trating results of experiments on the actual rail.

[0060] As aresult of experiments performed by install-
ing a total of 50 vibration reduction devices 100, which
were verified in the laboratory, on a slab track of the actual
rail 101, the damping effect associated with the damping
factor in accordance with the distance of the vibration
reduction device 100 on the slab track of the actual rail
101 existed not only in the band of the rolling noise but
also in the high-frequency region. In particular, the damp-
ing factor of maximum 5 dB/m was measured in the fre-
quency band of 1,000 Hz, and the damping factor of max-
imum 3.5 dB/m was measured in the horizontal direction.
[0061] As for a measurement method, referring to the
BS EN 15461 2008 A1_2010 standard, the accelerom-
eter was set at a point spaced apart from the end of the
rail by 6 m, and then FRF (natural frequency analysis) of
the slab track was measured by moving an impact ham-
mer.

[0062] It can be seen from these experiments that the
vibration reduction device 100 of the present exemplary
embodimentmay significantly reduce horizontal vibration
and vertical vibration of the actual rail 101 in comparison
with the case in which the vibration reduction device 100
is not provided.

[0063] As described above, according to the exempla-
ry embodiment of the present invention, the vibration re-
duction device may reduce the vibration in the low-fre-
quency region as well as the vibration in the high-fre-
quency, thereby reducing the rolling noise.

[0064] In addition, the vibration reduction device may
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be manufactured as a unit, instead of having a length
equal to a length of the rail 101, such that an interval
between the vibration reduction devices may be adjust-
ed, thereby reducing manufacturing costs. Further, it is
possible to effectively reduce vibration in a specific fre-
quency by adjusting mass or rigidity of the damper main
body 110 or the housing 130.

[0065] Finally, the reduction in rolling noise resulting
from the reduction in vibration may solve the inconven-
ience for people around the rail 101 or may improve ride
quality of passengers.

[0066] While the specific exemplary embodiments ac-
cording to the present invention have been described
above, various modifications may be made without de-
parting from the scope of the present invention. There-
fore, the scope of the present invention should not be
limited to the described exemplary embodiments, and
should be defined by not only the claims to be described
below, but also those equivalent to the claims.

[0067] While the presentinvention has been described
above with reference to the limited exemplary embodi-
ments and the drawings, the present invention is not lim-
ited to the exemplary embodiments and may be variously
modified and altered from the disclosure by those skilled
in the art to which the present invention pertains. There-
fore, the spirit of the present invention should be defined
only by the appended claims, and all modifications,
equivalents, and alternatives fall within the scope and
spirit of the present invention.

Claims
1. A vibration reduction device 100 comprising:

a pair of damper main bodies 110 disposed at
both sides with a web portion of a rail interposed
therebetween, such that at least a part of the
damper main body is in contact with the web
portion and at least another part of the damper
main body is in contact with a lower end portion
of the rail which is connected to the web portion;
a plurality of inelastic collision balls 120 provided
in at least two through holes formed in each of
the pair of damper main bodies so as to be mov-
able with respect to the web portion or the lower
end portion; and

a pair of housings 130 configured to surround
the pair of damper main bodies from the outside
in order to prevent the damper main bodies from
being exposed to the outside.

2. The vibration reduction device of claim 1, wherein
surfaces of the damper main body, which are direct-
ed toward the web portion 103 and the lower end
portion 105, have shapes corresponding to external
shapes of the web portion and the lower end portion,
and an upper surface, a lateral surface, a front sur-
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face, and a rear surface of the damper main body
are surrounded by the housing.

The vibration reduction device of claim 2, wherein
the plurality of inelastic collision balls is disposed
long in each of the at least two through holes so as
to be in contact with one another,

wherein a first through hole 111h, which is one of
the at least two through holes, is opened toward the
web portion so that the inelastic collision balls are in
contact with the web portion, and

wherein a second through hole 115h, which is an-
other of the at least two through holes, is opened
toward the lower end portion so that the inelastic
collision balls are in contact with the lower end por-
tion.

The vibration reduction device of claim 3, wherein
each of the first through hole and the second through
hole has a cross-sectional shape corresponding to
a shape of the inelastic collision ball, and each of the
firstthrough hole and the second through hole is larg-
er than the inelastic collision ball so that the inelastic
collision ball is movable.

The vibration reduction device of claim 4, wherein a
part of the inelastic collision ball is in contact with the
web portion 103 when the inelastic collision ball is
positioned at an initial position in the first through
hole, and a part of the inelastic collision ball is in
contact with the lower end portion 105 when the in-
elastic collision ball is positioned at an initial position
in the second through hole.

The vibration reduction device of claim 1, wherein
the damper main body is made of a rubber material
in order to absorb vibration generated from the rail.

The vibration reduction device of claim 1, wherein
the damper main body is made of a meta material.

The vibration reduction device of claim 1, further
comprising:

a fixing unit 150 configured to fix the pair of housings,
which surround the pair of damper main bodies, re-
spectively, to the rail.

The vibration reduction device of claim 8, wherein
the fixing unit comprises a pair of fixing clips disposed
in an X shape, and

wherein each of the pair of fixing clips comprises:

a clip lower end portion configured to be dis-
posed on a lower surface of the rail;

clip lateral portions extending upward from both
ends of the clip lower end portion and configured
to fix lateral portions of the housings; and

clip upper end portions extending inward from
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upper ends of the clip lateral portions and con-
figured to fix upper ends of the housings.

10. The vibration reduction device of claim 9, wherein

the pair of fixing clips, which is retracted inward, is
disposed on the lower surface of the rail, and then
the pair of fixing clips is spread outward, such that
the fixing unit fixes the pair of damper main bodies.

11. A vibration reduction device comprising:

a pair of damper main bodies disposed at both
sides with a web portion of arail interposed ther-
ebetween, such that atleast a part of the damper
main body is in contact with the web portion and
at least another part of the damper main body
is in contact with a lower end portion of the rail
which is connected to the web portion; and

a plurality of inelastic collision balls provided in
at least two through holes formed in each of the
pair of damper main bodies so as to be movable
with respect to the web portion or the lower end
portion,

wherein the plurality of inelastic collision balls is
disposed long in each of the atleast two through
holes so as to be in contact with one another,
wherein a first through hole, which is one of the
at least two through holes, is opened toward the
web portion so that the inelastic collision balls
are in contact with the web portion, and
wherein a second through hole, which is another
of the at least two through holes, is opened to-
ward the lower end portion so that the inelastic
collision balls are in contact with the lower end
portion.

12. The vibration reduction device of claim 11, wherein

a part of the inelastic collision ball is in contact with
the web portion when the inelastic collision ball is
positioned at an initial position in the first through
hole, and a part of the inelastic collision ball is in
contact with the lower end portion when the inelastic
collision ball is positioned at an initial position in the
second through hole.
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[FIG. 3]
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[FIG. 5]
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[FIG. 6]
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[FIG. 8A]
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[FIG. 8B]
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