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DESCRIPTIO!

[Technical Field]}

[0801] The present invention relales to a foreign matler removing apparatus for removing
foreign matters in the vicinity of a track branch of a railway through air injection, and to a
nozzie used in this apparatus. Particularly, the present invention relates o a foreign matter
removing apparatus at a track branch for removing foreign matters in the vicinity of a tongue
rail through air injection, and 1o a nozzle used in this apparatus.

[Citation List]

[Patent Literature]

[0002]

[Patent Literature 1]
Japanese Patent Laid-Open No. 7-054317

[Patent Literature 2]
Japanese Patent Laid-Open No. 2010-007423

[Background Ast]

[00G3] There has been known such a conventional problem that, when vehicles pass through
a track branch, frozen snow drops down due to vibrations of the vehicles, or dropping frozen
snow hits ballast, so thal the ballast jumps up as scaltered stones or the like; and thus the
dropping frozen snow or the scatiered stones may be caught between a stock rail and a
tongue rail, which hinders switching of the tongue rail. Hence, various developments and
studies have been conducted on forgign matter removing apparatuses for use at a frack
branch.

[0004] For example, Patent Literalure 1 discloses a foreign matier removing apparatus at a
track branch that removaes foreign matters between a stock rall and a tongue rail 50 as {0
prevent swilching of the track branch from being disable due fo dropping frozen snow or
scattered siones.
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[0005] The foreign matier removing apparatus at a track branch described in Palent Literature
1 is a foreign matler removing apparatus at a track branch that removes foreign matters
having dropped between the stock rail and the tongue rail at the track branch, wherein each
piping unit is installed to a side surface of the stock rail opposing the tongue rail in accordance
with a tength of the branch track, air injection nozzle unils each having multiple injaction ports
are disposed at muitiple positions with intervals in the longituding! direction of this piping unit
such that the injection orientation of each nozzie unit is slightly directed {o the tongue rail, a
pressured air source device is provided in the vicinity of the track branch, and the pressured air
source device is connected to each pressured air supply passage through an opening/closing
switching mechanism thereof s0 as o supply the pressured air to each piping unit.

[0006] Patent Literature 2 discloses a foreign matter removing apparatus af a track branch
capable of removing foreign matiers between rails at a crossing section of the track branch.

[0007] The foreign matter removing apparatus at a track branch described in Patent Literature
2 is instalied at a track branch including stock rails, and tongue rails that can come into contact
with or apart from the stock rails, and removes foreign matters having dropped between the
rails by injecting compressed air, wherein this foreign matter removing apparatus is disposed
at a crossing section where rails intersect each other, which is located at a backward position
opposite to a frontward position of the track branch where the sltock rail and the tongue rail are
able o come into contact with each other, and the foreign matier removing apparatus includes
a nozzle unit for injecting compressed air, and an air supply device for supplying the
compressed air to the nozzle unit, wherein the nozzle unit is disposed in the frontward position
in the crossing section, and includes injection poris having apertures for injecting the
compressed air backward in the crossing section.

{0008 Both the foreign matler removing apparatuses of Palent Literature 1 and Patent
Literature 2 at the track branches are very useful for removing dropping frozen snow and
scattered siones.

[0009] US 2898062 A (Magnus, et al., 1956) discloses a pneumatic snow blower apparatus
for clearing debris from areas adjacent ¢ moveable paris of a railway switch. Accordingly, the
disclosure provides means for discharging air under pressure onto the slides plates on which
moveable rails of the switch are adapted fo slide in operation of the switch.

[0016] GB 807 823 A {(Weslinghouse Air Brake Co, 1958) discloses a blowing device
comprising two nozzies disposed to direct fluid blasts between the blades and the adjacent
stock rails to dislodge snow from between them. The device also comprises a control valve
with an eleciromagnstic operator for sach nozzle for conirolling the flow of fluid from said
reservoir 1o each of said nozzles and an slectrical circuit for conirolling the energisation of said
slectromagnetic operator.

[0011] JP 06-240605 (East Japan Railway Co, 1894) discloses piping units provided with a
plurality of nozzies opened toward the front of a tongs rail, which are equipped on the opposite



DK/EP 2740844 T3

side of the basic rail of the junction of rails and connecled o an air source placed at a near
position thereof. A solencid changeover valve of the air source is openead by use of a dstector
switch of dropped foreign materials and compressed air is ejected from the nozzles belween
the basic rail and the fongs rail {o blow off foreign materials and {0 enable changeover of
points.

[Summary of Invention]

[Technical Problem]

[0012] Patent Literature 1 discloses an injection port having a round hole as an air injection
port 17 of the nozzle unit 3, and Patent Literalure 2 discloses a large-diameter injection port 22
and a small-diameter injection port 23 at the crossing section.

[00131 In both casss of using the air injection port 17 of Patent Literature 1 and the small-
diameter injection port 23 of Patent Lilerature 2, there is such a problem that these injection
ports are difficult to be installed at locations near private houses in the neighbor because of
noises caused by injecting the compressed air. Consequently, although instaliation of these
apparatuses has been desired in many areas and many places, progress in installation of the
apparatuses is still insufficient in these places.

10014] The nozzle unit of the foreign malier removing apparalus described in Patent
Literature 2 includes a number of small-diamster injection porls and three large-diamster
injection ports, as shown in Figure 4 of Patent Literalure 2. There is such a problem that this
apparatus is difficull to be installed al a place in the vicinity of private houses in the neighbor
because of noises caused at the time of injecting the compressed air from these many small-
diameter injsction ports. As a resull, although instalialion of this apparatus has been desired in
many areas and in many places, progress in installation of this apparatus is still insufficient in
thess places.

[0015] An object of the present invention is to provide a foreign matler removing apparatus at
a track branch, and a nozzie used in this apparatus which are capable of sufficiently securing
foreign matter removing performance as well as significantly reducing generated noises.

[Solution to Problem]

[0016]

1. {1} Aforeign matter removing apparatus at a track branch according to claim 1.
In the foreign malter removing apparatus at a track section, the compressed air supplied



3.

DK/EP 2740844 T3

from the piping unit is injected from the slits exiending through the inside in the central
axis direction, and at least some of the slits open in the sloped portion, and none of the
slits open toward the stock rail. The cross sectional shape of each slit may be oval in
addition to rectangular.

The present inventors have found thal noises are caused becauss of the air injection
port 17 of Patent Literature 1 and the small-diameler injection port 23 of Patent
Literature 2 both having simple round holes.

In addition, it has been confirmed through an experiment that, if configuring a nozzle to
have a conical shape, and aiso configuring each injection port supplying the compressed
air to have a slit shape that opens in its conical side surface, it is possible {0 sufficiently
secure the injection pressure while greatly reducing the noises, compared with the case
of using the injection ports injecting the compressed air each having a simple round
hole. Despite this, if this finding is directly applied to the forsign matler removing
apparatus at a track branch, the injected compressed air collides with the stock rail,
which causes the noises.

By using such slits that extend through the inside in the central axis direction, at least
some of which open in the sloped portion, but none of which open in the surface thereof
facing the stock rail, the slits or some of the slits opening in the sloped portion attain the
same foreign matier removing effect as that of the slits opening in the conical side
surface, as well as the injection pressure can be sufficiently secured while greatly
reducing the noises.

On the other hand, because no slits open in the surface thereof opposite to the stock
rail, the same effect as that of the slits opening in the conical side surface cannot be
atiained, but the injected compressed alr is preventad from colliding with the stock rail,
thereby reducing the noises caused by the collision.

The sloped portion may be a plane surface or a curved surface, and the cross sectional
shape of each slit may be rectangular, oval, or polvgonal including triangle.

. {2} In the foreign matler removing apparatus at a track branch, the sloped portion may

be formed by a plane surface exiending from a top surface of the cylindrical housing
toward a circumferential side surface thereof.

In this case, since only beveling is required al the time of machining the injection nozzle
element, it is possible to reduce generation of the noises while significantly reducing
production cost compared with the case of machining of a curved surface such as a
conical shaped side surface. Specifically, the position and the dimension of each siit
opening in the sloped portion become changed through the beveling, but the slits are
obliquely cut, which is similar 10 the case of the curved surface, so that i is possible to
sufficiently secure the injection pressure while significantly reducing the noises.

(3} In the foreign matter removing apparatus at a track branch, the piping unit may
include a reclangular tube disposed on a side surface of the stock raii opposite to the
tongue rail, the injection nozzle slement may be disposed {0 one or both of an upper
side and a lower side of the piping unit, and the plane surface of the sloped portion may
be provided within a projected area on an upper surface or on a bottom surface of the
piping unit.

in this case, it is possible to prevent interference with the tongue rail while securing
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installation space for the injection nozzle element.

4. {4) In the foreign matter removing apparatus at a frack branch, the slits may be radially

arranged at multiple positions around an axial center of the cyiindrical housing.
In this case, it is possible to secure a greater distance betwsen the two adjacent slils
compared with the case of arranging the slits in the top surface of the cylindrical housing
in a grid form. As a result, the compressed air injected from each slit hardly interferes
each other, and the air flow can be prevented from being disturbed, thereby further
reducing the noises. Each slit may have a cross sectional shape of a rectangle or an
oval alone, or in combination therecof.

5. (5) In the foreign matier removing apparatus at a track branch, a plurality of the injection
nozzle elements each having the same shape may be provided, and one of the injection
nozzie elements may have an injection direction different from an injection direction of
another of the injection nozzle elements.
in this case, by setting the injection direction of each injection nozzle element to be
different from each cther, it is possible {0 increase the injection area, to secure the
removal of foreign maiters in a wide range, and o commonly use the injection unit,
which makes it easier 1o manage product components on the manufacturing basis.

6. (6) Described is also a nozzle for a foreign maller removing apparatus mounted at a
track branch of rails so as to remove foreign matlers having dropped between ralis by
injecting compressed air, the nozzle for a foreign matter removing apparatus at a track
branch including: an injection housing of a conical trapezoid disposed at a front position
of a crossing section where the rails intersect each other; one or multiple slits formed in
a side surface of the injection housing so as to inject the compressed air toward a back
position of the crossing section; and a guide unit for guiding the compressed air from a
compressed air introduction port of the injsction housing through an inside of the
injection housing to the one or mulliple slits.

The present invenltors have found that noises are caused because of the air injection
port 17 of Patent Literature 1 and the small-diameter injection port 23 of Patent
Literature 2 both having simple round holes.

In addition, it has been confirmed through an experiment that, if configuring a nozzle to
have a conical shape, and also configuring each injection port supplying the compressed
air io have a slit shape that opens in its conicai side surface, i is possible to sufficiently
secure the injection pressure while greatly reducing the noises, compared with the case
of using the injection ports injecting the compressed air sach having a simple round
hole. Based on this finding, further improvement has been made which has dispossed a
guide unit inside the injection housing. Specifically, it is possible io allow the compressed
air fo flow along the guide unii, thereby reducing abrupt collision of the compressed air
with the inner wall of the injection housing, and suppressing disturbance of the air flow
injected from the slits. Accordingly, it is possible to significantly reduce the noises caused
by injecling the compressed air while mainiaining the pressure at the time of injecting the
compressead air.

The cross sectional shape of each slit may be an oval, or a polygon including a triangle
other than a rectangle.

7. {7y In the nozzle for a foreign matler removing apparatus at a track branch, the guide
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unit may have a conical shape.

The guide unit may be formed in a pyramid shape, a simple sloped surface, or a curved
slope surface other than a conical shape. If a number of slits are provided, and each siit
has a conical shape, it is possible to more uniformiy flow the compressed air to each siit
along the conical portion compared with the case of using a guide unit having a pyramid
shape or the like, so that abrupt collision of the compressed air with the inner wall of the
injection housing can be reduced, thereby suppressing disturbance of the air flow
injected from each slit formed in the side surface. Accordingly, it is possible to greatly
reduce the noises caused by injecling the compressed air.

8. (8) Described is also a nozzle used in a foreign maiter removing apparatus at a track
branch for removing foreign matters having dropped belween a stock rail and & tongue
rail at the track branch, the nozzle including: a piping unit for supplying compressed air;
and at least one injection nozzle element for injecting the compressed air supplied from
the piping unit; wherein the injection nozzle element includes: a cylindrical housing
disposed on an opposite side of the injection nozzle element o the tongue rail, and
having a sloped portion approaching more closely to the stock rail toward a nozzle front
end of the injection nozzle elemsnt; and slits extending through an inside of the
cylindrical housing in a central axis direction thereof so as to inject the compressed air,
at least some of the siits opening in the sioped portion, and none of the slits opening
toward the stock rail, and a ceniral axis of the injection nozzle element is oriented from a
direction along the stock rail toward the tongue rail at a predetermined angle.

100177 In the nozzie used in the foreign matter removing apparatus at the track branch, the
compressed air supplied from the piping unit is injected from the slits extending through the
inside in the ceniral axis direction, and at least some of the slits open in the sloped portion, and
none of the slits open toward the stock rail. The cross sectional shape of each slit may be oval
in addition to rectangular.

{00181 The present inventors have found that noises are caused because of the air injsction
port 17 of Patent Literature 1 and the small-diamster injection port 23 of Patent Literalure 2
both having simple round holes.

[0019] In addition, it has been confirmed through an experiment that, if configuring a nozzle to
have a conical shape, and also configuring sach injection port supplying the compressed air to
have a slit shape that opens in its conical side surface, it is possible fo sufficiently secure the
injection pressure while greatly reducing the noises, compared with the case of using the
injection ports injecting the compressed air each having a simple round hole. Despite this, if
this finding is directly applied to the nozzle used in the foreign matter removing apparatus al a
track branch, the injected compressed air collides with the stock rail, which causes the noises.

[00207 By using such slits that extend through the inside in the ceniral axis direction, al least
some of which open in the sloped portion, but none of which open in the surface facing the
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stock rail, the slits or some of the slits opening in the sloped portion altain the same foreign
matter removing effect as thal of the slits opening in the conical side surface, as well as the
injection pressure can be sufficiently secured while greatly reducing the noises.

{80211 On ths other hand, because no slits open in the surface facing the stock rail, the same
effect as that of the slits opening in the conical side surface cannot be attained, but the injected
compressed air is prevenied from colliding with the stock rall, thereby reducing the noises
caused by the collision.

{00221 The slopsd portion may be a plane surfacs or a curved surface, and the cross
sectional shape of each slit may be reclangular, oval, or polygonal including triangle.

[Briaf Description of Drawings]

[6023]

[Figure 1] Figure 1 is a schematic plan view showing an example of a configuration of a track
branch according fo the first embodiment.

[Figure 2] Figure 2 is a schematic diagram showing an example of a nozzie for a foreign matier
removing apparatus viewed from a side surface thereof.

[Figure 3] Figure 3 is a schematic diagram showing the nozzle for the foreign matter removing
apparatus viewed from a {op thereof.

[Figure 4] Figure 4 is a schematic cross sectional view showing the nozzie for the foreign
matter removing apparatus mounied to a stock rail.

[Figure 5] Figure 5 is a front view showing details of a nozzle.

[Figure 6] Figure 6 is a side view of the nozzie.

{Figure 7] Figure 7 is a schematic diagram explaining a producing method of the nozzie.
[Figure 8] Figure 8 is a drawing showing another example of multiple slils.

[Figure 9] Figure 9 is a drawing showing ancther example of the multiple slits.

[Figure 10] Figure 10 is a drawing showing another example of the muitipls slits.

[Figure 11] Figure 11 is a drawing showing another example of a sloped portion.

[Figure 12] Figure 12 is a drawing showing another example of the nozzle.

[Figure 13} Figure 13 is a schematic plan view showing an example of a configuration of a
track branch according to the second embodiment.
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[Figure 14] Figure 14 is a schemalic cross sectional view showing an example of a nozzle unit
along with a wing rail viewed from the back to the front thereof.

[Figure 15] Figure 15 Is a schemalic diagram of the nozzle unit viewed from a top surface
thereof.

[Figure 16] Figure 16 is a schemalic perspective view showing an example of a nozzle for the
foreign matter removing apparatus.

[Figurs 17] Figure 17 is a schematic plan view showing an example of the nozzle for the
foreign matter removing apparatus.

[Figure 18] Figure 18 is schematic side view showing an exampie of the nozzie for the foreign
matier removing apparatus.

[Figure 19] Figure 192 is a schematic top view showing an example of the nozzlg for the foreign
matier removing apparatus.

[Figure 20] Figure 20 is a schematic cross sectional view showing an example of a structure of
the nozzle.

[Figure 21] Figure 21 is a schematic cross sectional view explaining ancther example of the
nozzie.

[Figure 22] Figure 22 is a schematic cross sectional view explaining another example of the
nozzie.

[Description of Embodiments]

[0024] Embodiments according to the present invention will be described with reference to
drawings, hereinafter. iIn the first and second embodiments, a foreign matter removing
apparatus at a track branch and a nozzle used in this apparatus will be described by using
examples of applying them to a track for Shinkansen. The foreign matier removing apparatus
at a track branch and the nozzle used in this apparatus may be applicable not only {0 a track
for Shinkansen, but also to other tracks, such as tracks for existing railways, etc.

{First embodiment)

{Configuration of track branch)

{00257 Figure 1 is a schemalic plan view showing an example of a configuration of a irack
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branch 500 according to the first embodiment. As shown in Figure 1, the track branch 500 are
segmenied into each region (point section P, lead section L, and crossing section C) in the
track direction.

[0026] As shown in Figure 1, the track branch mainly includes a pair of stock rails 501, a pair
of tongue rails 502, lead rails 303, wing rails 504, a movable rail 505, g fixing member 508, and
main rails 507.

[00271 The point section P of Figure 1 is configured as a region including a portion where the
stock rails 501 come into contact with the tongue rails 502 at the front position of the track
branch 500.

[0028] The crossing section C is configured as a region where the wing rails 504, the movable
rail 505, and the fixing member 506 are disposed at the back position of the track branch 500.

{00287 The iead section L is configured as a region belween the point section P and the
crossing seclion C where the lead rails 503 are disposed at a portion where the point section P
and the crossing section C are connecled to sach other.

{00307 In the present embodiment, the point section P and the leading section L form a
frontward section located at the front position of the track branch 500, and the crossing section
C is located at a backward section of the track branch 500 opposite to the frontward section,
and forms a region including a portion where the rails intersect sach other.

{80311 As shown in Figure 1, the pair of the stock rails 501 are instalied in accordance with a
wheel width of a railway vehicle traveling over the rails with a constant distance therebetween.
The pair of fongue rails 502 capable of coming into contact with or apart from the pair of the
stock rails 501 are installed so as to allow the vehicle to start branching away from the sltock
rails 501.

{00327 The stock rails 301 atl the track branch 500 shown in Figure 1 are disposed on raiiway
sieepers via floor boards. The tongue rails 502 are configured to be movable on the railway
sleepers via bearing floor boards. This configuration allows each tongue rail 502 to come inlo
contact with or apart from the stock rail 501.

[0633] In general, at the track branch, a rallway point (not shown) operates in accordance with
an instruction from a conirolier (not shown) so that each tongue rail 502 moves in the direction
of coming into contact with or apart from the stock rails 501, thereby carrying out a swilching
operation {point switching operation) on the raveling rails at the track branch 500. Accordingiy,
the railway vehicle can travel in the direction of the branch irack line, or in the direction of the
main track line.

{Configuration of foreign matter removing apparatus)
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{00341 A configuration of a foreign matter removing apparatus 300 equipped with a nozzie for
the foreign matter removing apparatus 100 according to the first embodiment will be described
hereinafier.

[0035] The nozzle for the foreign malter removing apparatus 100 is disposed between the
stock rail 301 and the tongue rail 502 at the track branch 500, as described above. The foreign
matier removing apparatus 300 equipped with the nozzle for the foreign matler removing
apparatus 100 according to the present embodiment removes foreign matlers such as snow
and scattered stones having dropped between the stock rail 501 and the tongue rail 502 by
injecting compressed air from the nozzle for the foreign makter removing apparatus 100.

{80381 As shown in Figure 1, the foreign maiter removing apparatus 300 mainly includes an
air supply device 310, a compression air tank 320, the nozzie for the foreign matler removing
apparatus 100, air piping 330, an electromagnetic switching valve 340, and nozzle piping 350.

{00377 The air supply device 310 shown in Figure 1 is a compressed air supply device such as
a compressor. Comprassed air supplied from the air supply device 310 is accumulaled in the
compression air fank 320, and is supplied to the nozzle for the foreign matler removing
apparatus 100 via the air piping 330 and the nozzle piping 350 if the sleciromagnetic switching
valve 340 is released.

{00381 Specifically, the controller (not shown} transmits a swilching instruction for the
slectromagnelic switching valve 340 based on operation instruction signals transmitled from
varipus equipment such as an operation signal of the raliway point {point swilching signal), or
based on delection results from various sensors, such as a fall sensor (not shown) for fall of
snow and foreign matlers and a snowfall sensor {not shown). As a result, compressed air is
injected from the nozzle for the foreign matter removing apparatus 100 so as (o remove the
foreign matiers. In response 1o the above point switching signal, a front end portion of each
tongue rail 502 comes into contact with or apart from the stock rail 501, and the movable rail
505 comes into contact with or apart from the wing rail 504.

{Nozzie for foreign matter removing apparatus)

{00387 Figure 2 is a schematic diagram showing an example of the nozzle for the foreign
matter removing apparatus 100 viewed from a side surface thereof, Figure 3 is a schematic
diagram showing the nozzle for the foreign matter removing apparatus 100 viewed from a top
thereof, and Figure 4 is a schematic cross sectional view showing the nozzle for the foreign
matter removing apparatus 100 mounted [o the stock rail 501.

{00401 As shown in Figure 2 and Figure 3, the nozzlg for the foreign matier removing
apparatus 100 includes nozzle elements 110 and piping 180. As shown in Figure 2 to Figure 4,
the piping 180 is formed by a rectanguiar tube having a holiow space thereinside, and
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compressad air PA supplied from the nozzig piping 350 is supplied 1o each nozzle element 110.
The nozzle elements 110 are disposed on upper and lower surfaces of the piping 180 with
predetermined intervals.

[0841] As shown in Figure 2 and Figure 3, a plurality of the nozzle elements 110 are disposed
on the upper surface, and also on the bottom surface at corresponding positions o those on
the upper surface; and each nozzle slement disposed on the upper surface has the same
shape, and each nozzie element disposed on the botiom surface also has the same shape.
Among the nozzle elements 110 disposed on the upper and lower surfaces of the piping 180,
the nozzle elements 110 on the upper surface of the piping 180 are tilted from a direction along
the stock rail 501 toward the tongue raif 502 at a predstermined angle, such as by an angle 81
and by an angle 62, alternately. The angle 81 is within a range of 5° or more to 10° or less,
and preferably 7.5°; and the angle 82 is within a range of more than 10° to 20° or less, and
preferably 17.5°. The nozzle element 110 will be described in delail later.

[0042] As shown in Figure 4, the nozzig for the foreign matler removing apparatus 100 is
mounied to the stock rail 501 on the side facing the tongue rail 502 using a mounting member
191. The nozzie for the foreign matler removing apparatus 100 is installed so as not {0 project
from a recessed poriion of the stock rail 501. Specifically, wheels of a railway vehicle do not
come into contact with the nozzle for the foreign matler removing apparatus 100 when the
wheels pass over the stock rail 501.

[0043] As shown in Figure 4, in the nozzle for the foreign matter removing apparatus 100, the
compressed air PA supplied from the nozzie piping 350 flows in a direclion indicated by the
arrows, and is supplied 1o the nozzle elements 110 through the piping 180.

{Structure of nozzle)

[0044] Figure 5 is a front view showing the details of the nozzig element 110, Figure 6 is a
side view of the nozzle element 110, and Figure 7 is a schemalic diagram explaining a
producing method of the nozzle element 110

{00451 As shown in Figure & and Figure 6§, the nozzie element 110 includes a cylindrical body
161 and & holder 162.

[0048] As shown in Figure 6, the nozzle element 110 is held by the holder 162 in such a
manner that the cylindrical body 161 is oriented in a direction substantially equal to the
extending direction of the piping 180, and the nozzle element 110 is formed in an L-shape. The
inside of the holder 182 is hollow for the sake of supplying the compressed air PA from the
piping 180.

[00477 As shown in Figure 5 and Figure 6, the cylindrical body 161 includes a top surface 120
and a sloped portion 130. The sloped porticn 130 is formed on the side opposite to the tongue
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rall 502, and is so formed as io approach the stock rail 501 {see Figure 4}, but no sloped
portion 130 is formed on the side facing the stock rail 501.

[0048] As shown in Figure 5 and Figure 6, multiple slits 140 are so formed as to extend
through the inside of the cylindrical body 161 In its central axis direction to the inner space of
the holder 162, and the multiple slits 14C are radially arranged in the top surface 120 of the
cylindrical body 161 around a center of a virtual circle of the top surface 120. Because no
sioped portion 130 is formed on the side facing the stock rail 501, the slits 140 located on the
side facing the stock rail 301 open in the top surface 120. Specifically, the slits 140 do not opan
toward the stock rail 501. In the present embodiment, each of the multiple slits 140 has &
rectangular shape.

{00481 As shown in Figure 7, during producing the nozzie elements 110, a cylindrical body
having no sloped portion 130 is formed, and a member 163 is cut off at an angle of 82 or more
s0 as o obtain the cylindrical body 161 having the sloped portion 130.

{Another example)

[0050] As shown in Figure 8, as the cross sectional shape of each slit 140, the slit 140 may be
a slit 140a in an oval shape, or a slit 140b in a trapezoidal shape as shown in Figure 9. In
addition, the slit may also have a triangle shape, or any other polygonal shape.

[00581] As shown in Figure 10, the multiple slits 140 may be arranged as muiliple slits 140c¢ in
a staggered arrangement, or in a grid arrangement.

[0052] As shown in Figure 11, the sloped portion 130 may be a sloped portion 130d made of a
curved surface having no plane shape but a conical side surface.

{00531 In addition, as shown in a nozzle for the foreign matler removing apparatus 100e in
Figure 12, nozzle elements 110e may be formed on the side surface of the piping 180. This
configuration prevents the compressed air injected from the nozzle elements 110e from
colliding with the piping 180, thereby suppressing the noises caused by this collision.

[0054] In the nozzie for the foreign matter removing apparatus 100, the sloped portion 130 is
disposed on the side opposite to the tongue rail 502, and some of the multiple slits 140 open in
the sloped portion 130; therefore, |t is possible to significantly reduce the gsneration of the
noises while securing pressure required for injecting the comprassed air.

[0055] Specifically, a noise level can be reduced by half compared with the configuration of
employing no sloped portion, and employing injection ports having simple round holes.
Reduction in output of the compressed air is approximately 10% to 20%, and thus there is no
praciical problem, and there is almost no influence on the foreign matier removing
performancs.
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[0058] As shown in Figure 5 and Figure 6, the radial arrangement of the multiple slits 140 can
secure a longer distance between the two adjacent slits. Consequently, the compressed air
injected from each slit 140 hardly interferes with each other, and the air flow hardly becomes
disturbed, thereby further reducing the noises.

[0057] The nozzile slemants 110 of the nozzle for the foreign matler removing apparatus 100
arg configured to be commonly usad by simply changing the title angle of each nozzis element
110 (81, 82), alternately, which makes it easier {0 manage product components on the
manufacluring basis.

[0058] In the present invention, the stock rail 501 is corresponding to a stock rail; the fongue
rail 502 is corresponding to a tongue rail, the nozzles for the foreign maller removing
apparatus 100, 100e are corresponding {o a foreign matter removing apparatus at a track
branch, and nozzles used in this apparatus; the compressed air PA is corresponding o
compressed air; the piping 180 is corresponding to a piping unit; each of the nozzle slement
110, the nozzle slement 110a, the nozzle element 110b, the nozzle element 110¢, the nozzle
siement 110d, and the nozzle element 110e is corresponding © an injeclion nozzis element,
respectively; the sloped portion 130 is corresponding o a sioped portion or a plane surface;
the cylindrical body 161 Is corresponding to a cylindrical housing: the slits 140, the slits 140g,
the slits 140b, and the slits 140c are corresponding to slits, respectively; the angles 61, 92 are
corresponding 0 a predetermined angle and also 1o an injection direction; the cylindrical body
161 is corresponding o a columnar housing; the top surface 120 is corresponding o a fop
surface; the slits 140a and 140b are corresponding (o a reclangular shape and aiso {o an oval
shape; and the arrangement of the slits 140 is corresponding to radial arrangement of the
multiple slits around the axial center.

{Second embodiment)

{Configuration of track branch)

[00587 Figure 13 is a schemalic plan view showing an example of a configuration of a track
branch according {0 the present embodiment. As shown in Figure 13, a track branch 500 are
segmented into each region (point section P, lead section L, and crossing section C) in the
track direction.

[00607 As shown in Figure 13, the track branch 500 mainly inciudes a pair of stock rails 501, a
pair of tongue rails 502, lead rails 503, wing rails 504, a movable rail 505, a fixing member 5086,

and main rails 507.

[0061] The point section P of Figure 13 is configured as a region including a portion where the
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stock rails 501 come into contact with the tongue rails 502 at the front position of the track
branch 500.

[0062] The crossing section C is configured as a region where the wing rails 504, the movabie
rail 305, and the fixing member 506 are disposed al the back position of the track branch 500,

{00631 The iead section L is configured as a region between the point section P and the
crossing section C where the lead rails 503 are disposed at a portion where the point section P
and the crossing section C are connected to each other.

[0064] In the present embodiment, the point section P and the leading section L form a
frontward section located at the front position of the track branch 500, and the crossing section
C is located at a backward section of the track branch 500 opposite to the frontward section,
and forms a region including a portion where the rails infersect each other.

{00657 As shown in Figure 13, the pair of the stock ralls 501 are installed in accordance with g
whael width of a railway vehicle traveling over the rails with a constant distance thergbetwsen.
The pair of the tongue ralls 502 capable of coming into contact with or apart from the pair of
the stock rails 501 are installed so as to allow the vehicle to start branching away from the
stock rails 501.

[0066] The stock rails 501 at the track branch 500 shown in Figure 13 are disposed on railway
sleepers via floor boards. The tongue rails 502 are configured to be movable on the railway
sieepers via bearing floor boards. This configuration aliows each tongue rail 502 {o come into
contact with or apart from the stock rail 581,

{00677 it is configured that the movable rail 505 of the crossing section C is allowed to be
displaced along with the movement of the tongue rail 502 in accordance with the operation of
the railway point (not shown), and becomes oscillatingly displaced using the fixing portion as a
futcrum structure so that the front end portion of the movable rall 505 comsas into contact with
or apart from the wing rail 504.

[0068] In general, at the track branch, a railway point {not shown) operales in accordance with
an instruction from a controller (not shown) so that each tongue rail 502 moves in the direction
of coming into contact with or apart from the stock rails 501, and the movable rail 505 moves at
the same lime, thereby carrying out a swilching opseration {point switching operation} on the
traveling rails at the track branch 500. Accordingly, the railway vehicls can travel in the
direction of the branch track line, or in the direction of the main track line.

{Configuration of foreign matter removing apparatus)

{00631 The foreign matter removing apparatus 300 equipped with a nozzle unit 110 for the
foreign matter removing apparatus 300 according to the second embodiment will be described
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hereinafter. The foreign matter removing apparatus 300 is mounted fo the wing rail 504 in the
crossing section C at the track branch 500 as described above.

[0870] The foreign matter removing apparatus 300 equipped with the nozzle unit 110 for the
foreign malter removing apparatus according to the present embodiment removes foreign
matters such as snow and scattered stones having dropped to the wing rail 504, or 1o the wing
rail 504 and the movable rail 505 by blowing the foreign matiers away backward of the frack
branch 500, or by meiting the snow through injection of the compressed air PA or the heated
air HA from the nozzle unit 110. The present invention is not directed o sending the heated air
HA; therefore dascription thereof will be omitted, hersinafier.

[6071] As shown in Figure 13, the foreign matier removing apparatus 300 mainly includes the
air supply device 310, the compression air tank 320, the nozzle unit 118, the air piping 330, the
slectromagnetic swiiching valve 340, and the nozzie piping 350.

[0072] The air supply device 310 shown in Figure 13 is a compressed air supply device such
as a compressor. Compressed air PA supplied from the air supply device 310 is accumulated
in the compression air tank 320, and is supplied to the nozzle unit 110 via the air piping 330
and the nozzle piping 350 if the electromagnetic switching valve 340 is released.

[0073] Specifically, the coniroller (not shown) transmits a switching instruction for the
electromagnetic swilching valve 340 based on cperation instruction signals transmitted from
various equipment such as an operation signal of the railway point {point switching signal), or
based on delection results from various sensors, such as a fall sensor {not shown} for fall of
snow and foreign matiers and a snowfall sensor {not shown}. As a resuilt, compressed air PAis
injected from the nozzle unit 110 so as to remove the foreign matters. In response 1o the above
point switching signal, a front end portion of each tongue rail 106 comes into contact with or
apart from the stock rail 105 and the movable rail 109 comss into coniact with or apart from
the wing rail 108.

[0074] Not only in accordance with the aforementioned operation insiruction signals and the
detection results from the various sensors, but also during a time pericd such as vehicle
operation time when the foreign matter removing operation is likely required, the controller (not
shown) may be configured Lo transmit a swilching instruction for the electromagnetic swilching
vaive 340 so as {o pericdically inject the compressed air PA from the nozzle unit 110.

{Piping of nozzle for the foreign matter removing apparatus)

[0075] Figure 14 is a schemalic cross sectional view showing an example of the foreign
matter removing apparatus 300 along with the wing rail 504 viewed from the back o the front,
and Figure 15 is a schematic diagram showing the nozzie unit 110 viewed from the top. As
shown in Figure 14, the nozzle unit 110 is disposed between the wing rails 504.
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[0078] As shown in Figure 15, the foreign matter removing apparatus 300 is equipped with the
nozzie piping 350 and heated air piping 160. The downstream of the nozzie piping 350 is
connected {0 the lower portion of the nozzle unit 110, The upsiream of the heatsd air piping
160 is connected to a heated air generalor (not shown), and the downstream thereof is
connectad io the upper portion of the nozzle unit 110,

[00777 As shown in Figure 15, an air flow PAF of the compressed air PA is supplied to the
nozzis piping 350, and an air flow HAF of the heated air HA Is supplied o the heated air piping
160,

{Mozzie for foreign matter removing apparatus}

[0078] Figure 16 is a schematic parspective view showing an example of the nozzle unit 110
of the foreign matter removing apparatus 300, Figure 17 is a schematic plan view showing an
example of the nozzie unit 110 of the foreign matter removing apparatus 300, Figure 18 is a
schematic side view showing an example of the nozzle unit 110 of the foreign matier removing
apparatus 300, and Figure 19 is a schematic lop view showing an example of the nozzle unit
110 of the foreign matter removing apparatus 300.

[0879] As shown in Figure 16 to Figure 19, the nozzle unit 110 of the foreign matler removing
apparatus 300 includes a heated air nozzle port 120, front end nozzle fixing holes 130, a
housing 140, an introduction port 141, and a nozzle 200.

{00801 As shown in Figure 16, the heated air nozzle port 120 is formed in the upper portion of
the housing 140. The heated air HA supplied from the heatad air piping 160 is injected from
the heated air nozzle port 120. The introduction port 141, and the nozzle 200 on the opposite
side to the introduction port 141 are disposed in the lower portion of the housing 140. The
compressed air PA introduced from the introduction port 141 is injected from the nozzle 200 as
described later. The nozzle unit 110 is fixed through the front end nozzle fixing holes 130.

{Detailed structure of nozale)

[0081] Figure 20 is a schemalic cross seclional view showing an example of the struclure of
the nozzle 200, Figure 20 (a8) shows a cross section of the nozzle 200, and Figure 20(b) shows
a state of the nozzle 200 viewed from the back surface thereof.

[0082] As shown in Figure 16 io Figure 20, the nozzle 200 is formed in a conical trapezoid
201 outwardly projecting from the housing 140, and multiple slits 230 are formed in the sloped
surface of the conical trapezoid 201 such that the slits 230 are radially arranged around the
central axis of the conical trapezoid 201, Each slit 230 is formed of a reclangular-shaped slit,
but this shape may be an oval, a trapezoid, a triangle or any other polygen, or a combination
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thereof.

[0083] As shown in Figure 20(a) and (b), inside the nozzle 200, a guide 210 in a conical
shape extending toward the introduction port 141 is dispossed between the introduction port
141 of the compressed alr PA and the multiple slits 230,

{00847 Consequently, the compressed air PA is smoothiy guided in the direction of the air flow
PAF by the guide 210, and can be injected from the multiple slits 230. Hence, it is possible to
smoothly flow the compressed alr PA without disturbing the air flow PAF of the compressed air
PA, thereby greatly reducing the noises caused by the nozzle 200. Compared with another
example of the nozzie structure described later, the guide 210 having a conical shape can
further smoothen the compressed air PA in the direction of the air flow PAF foward every slit
230; therefore it is possible to minimize the noises.

{Another example of nozzle structure)

[0085] As a nozzie unit 110a shown in Figure 21, it may be configured to provide a nozzie
200a having a guide 210a whose sloped surfaces are formed of two plane surfaces extending
toward the introduction port 141.

[0086] As a nozzle unit 110b shown in Figure 22, it may be configured fo provide a nozzle
200Gk having a guide 210b whoss sioped surfaces are formed of two curved surfaces extending
toward the introduction port 141.

{00871 Each of the aforementioned nozzles may be formed by combining part of these
nozzies. As another example of the nozzie structure, the guide is not limited to the guides 210,
210a, and 210b, and may also have a half-conical shape, a quadranguiar pyramid shape or a
part thereof, a circular truncated conical shape or a part thereof, and a truncated square
pyramid shape or a part thereof other than a perfect conical shape.

[0088] In the present embodiment, the nozzle unit 110 is disposed at a single position, but the
present invention is not limited to this, and any number of the nozzle units 110 may be
provided.

{00891 The nozzle unit 110 is provided with a single nozzie 200, but the present invention is
not limited to this, and the nozzle unit 110 may be provided with any number of the nozzles
200.

[0090] In the nozzle 200 of the foreign matier removing apparatus 300 according o the
present embodiment, it is possible o flow the compressed air PA along the guide 210;
therefore, abrupt collision of the compressed air PA with the inner wall of the injeclion housing
can be suppressed, and disturbance of the alr flow of the compressed air PA injected from the
slits 230 can be reduced, as well. Accordingly, it is possible 1o significantly reduce the noises
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caused by injecting the compressed air PA while maintaining the pressure at the tims of
injecting the compressed air PA. In the other examples of the nozzle structure, it is possibie to
reduce the noises more than the prior art.

[0081] In the foreign matler removing apparatus 300 according o the present embodiment,
the wing rail 504 is corresponding to a rail, the track branch 500 is corresponding to a track
branch, the compressed air PA is corresponding o comprassed air, the crossing section C s
corresponding 10 a crossing section, the conical trapezoid 201 is corresponding to an injection
housing of a conical trapezoid, the slits 230 are corresponding to one or multiple slits, the
introduction port 141 is corresponding to a compressed air introduction port of the injection
housing, sach of the guides 210, 210a, and 210b is corresponding 1o a guide unit, respectively,
and the nozzle 200 is corresponding {o a nozzie for the foreign matier removing apparatus at a
track branch.

{00927 One preferable embodiment of the present invention has been described as above, but
the present invention is not limiled therelo. It should be appreciated that other various
embodiments can be accomplished without departing from the scope of the invention as
defined in the appended claims. in addition, the operation and the efiect aitained by the
configuration of the present invention have been described in the embodiments, but the above
described operation and effect are exampies thereof, and the present invention is not limited
thereto.

[Reference Signs List]

{00931
100, 100e Nozzls for the foreign matter removing apparatus

110 Nozzle element, 110a Nozzle slement, 110b Nozzle element, 110c¢ Nozzle element, 110d
MNozzle slement, 110e Nozzle slement,

120 Top surface

130, 130d Sloped portion
140, 140a, 140b, 140c 3t
141 Introduction Port

161 Columnar housing
180 Piping

200 Nozzle

201 Conical trapezoid
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210, 2103, 210b Guide

230, 2301 Siit

300 Foreign matler removing apparatus
500 Track Branch

504 Wing rail

501 Stock rail

502 Tongue rail

C Crossing section

PA Compressed air

81, 82 Angle

XENCES CITED

N THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the Eurcpean patent document. Even though grasat care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPQC disclaims all
liability in this regard.

Patent documents cited in the description

s JETOB4217A [G002]

e JPZO1B0074Z3A [GR02Y
« USZBUR062A 1008

¢ GREGYRZA [Bd1]

s JPE240808A [0041]




25

30

35

DK/EP 2740844 73

PATENTRKHRAVY

1. Indretning {300) til fiernelse af fremmedstof, der er anvendelig til en sporafgre-
ning (500} til fiernelse af remmaedstoef, der er faldet mellem en stamskinne (501) og en
tungeskinne (502) ved sporaigreningen (500},

hvor indretningan (300) til fjernelse af fremmaedstef omfatter:

en roriedningsenhed til tilforsal af trykiuft; og

mindst &t indbimsningsdyseeiement (110} til indbleesning af den trykiuit, der er til-
fort fra rerledningsenheden;

kendetegnet ved, at

indblaesningsdysaelementst (110} omfaiter:

et cylindrisk hus {(161) til at vasre monteret pd stamskinnan (501) pa siden, der ven-
der imod tungaskinnen {502}, og som har en skranende del {130), der na@rmer sig stam-
skinnen (501) hen imod en front dyseende af indblsesningsdyseslementet {110);

stidser (140}, som udstraskker sig gennem en inderside af del cylindriske hus (181} i
retning af en midterakse deraf for saledes at indblesese trykluften, hvor | det mindste nogle
af slidserne (140) &bner sig ind | den skrdnenda del (130), og hvor ingen af slidserne {140)
adbner sig hen imod stamskinnen (501); og

en midterakse af indblasningsdyseelementet (110}, som er orienteret fra en retning
angs stamskinnen (501) hen imod tungeskinnen (502) | en forudbestemt vinkel.

2. Indretning (300} til fiernelse af fremmedstof ved en sporafgrening (500) iisige
krav 1, hvor

den skranende del (130} er dannet af en plan overflade, der udstrakker sig fra en
ovarsids {120) af det cylindriske hus (161} hen imod en rundtgaende sidsoverflade derai.

3. Indretning (300} til fiernelse af fremmedstof ved en sporafgrening (500) iislge
krav 2, hvor

rarledningsenheden omfiatier et rektangulaert ror, som er anbragl pd en sideflade af
stamskinnen {501}, der er modsat tungeskinnen (502},

indblaesningsdyseeiementet {110} er anbragt pa en eller begge af en avre side og en
nedre side af rorledningsenheden,

og

den plane overfiade af den skréanende del (130) ar tilvejebragt inden for et projiceretl
omrade pa an ovre overfiade eller pd en bundoverflade af rorledningsenheden.

4. Indretning {300) til fiernelse af fremmedsiof ved en sporafgrening (500} ifsige et
hvilket som helst af kravene 1 til 3,

hvor slidserne (140) er radialt anbragt i flere positioner omkring et aksiall centrum af
det cylindriske hus (161).

5. Indretning {300) til fijernelse af fremmedstof vad en sporafgrening (500} ifoige et
hvilket som helst af kravene 1 til 4,

)
Js

hvor en flerhad af indbleesningsdysselemeanierne {110}, som hver har samme facon,
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er tilvejebragt, og
ét af indblesningsdyseelementerne {110) har en indblesningsretning, der ar forskel-

lig fra en indblesesningsretning af et andet af indblassningsdyseelementerne (110},
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