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DESCRIPTION
TITLE OF THE INVENTION: TUBULAR ELASTIC LINKAGE DEVICE FOR
AXLE BEAM

TECHNICAL FIELD
[0001] The present invention relates to a tubular elastic linkage device for axle

beam that elastically links an end of an axle beam to a truck frame of a railway
vehicle.

BACKGROUND ART

[0002] From the past, railway vehicles generally employ a structure wherein
an axle beam extends out in the vehicle longitudina direction from an axle box part
that supports an axle, and an end of the axle beam is elastically linked to atruck frame
by atubular elastic linkage device. As Japanese Unexamined Patent Publication No.
JP-A-2014-020487 (Patent Document 1) and the like disclose, this tubular elastic
linkage device for axle beam comprises an inner axial member, a pair of outer
segments disposed about radially outward of the inner axial member so asto extend in
the circumferential direction, and a main rubber elastic body elastically connecting the
inner axial member and the pair of outer segments to one another. Both axial ends of
the inner axia member are fixed to the truck frame, while the outer segments are
attached to atubular housing part provided at an end of the axle beam. By so doing,
the axle beam is elastically supported by the truck frame viathe tubular elastic linkage
device for axle beam.

[0003] The tubular eastic linkage device for axle beam may be provided with
a stopper, in order to limit relative displacement between the inner axial member and
the pair of outer segments in a specified radia direction in which alarge load input is
expected. Specifically, since a large load during deceleration is input upon the
tubular elastic linkage device for axle beam in the radial direction corresponding to
the vehicle longitudinal direction, in Patent Document 1, the stopper is provided
protruding from the inner axial member toward either of the outer segments in the
radial direction. The inner axial member and the outer segment come into contact
via the stopper, thereby limiting the relative displacement between the inner axial
member and the outer segments in the specified radial direction. This arrangement
provides improvement of durability of the main rubber elastic body, the target braking
performance of the railway vehicle, and the like.

[0004] According to Patent Document 1, the stopper is disposed radialy
between the face of the inner axial member and the face of the corresponding outer
segment that face each other, and the main rubber elastic body is provided
continuously between the stopper and the outer segment. With this structure,
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unfortunately, not only in alarge load input, but also for normal vibration between the
truck and the axle that is input during drive etc., the main rubber elastic body is
compressed in anarrow part between the faces of the stopper and the outer segment in
the radial direction where the stopper is disposed. As a result, the spring
characteristics of the device get harder and adversely affect suspension performance
of the truck. Moreover, in the structure of Patent Document 1, the main rubber
elastic body provides linkage between the stopper and the outer segment. Therefore,
when a load in the circumferential direction is input between the inner axial member
and the outer segment of the tubular elastic linkage device, the main rubber elastic
body is compressed by the stopper, thereby exerting hard spring. This hard spring is
likely to affect suspension characteristics of the truck.
[0005] In Japanese Patent No. JP-B-3747783 (Patent Document 2), there is
proposed a structure wherein a gap is provided between the stopper and the housing
part such that the stopper supported by the inner axial member touches the housing
part only during alarge load input. In Patent Document 2, the pair of outer segments
are disposed to face each other in the vertical direction. The stopper is disposed
between the circumferential ends of the upper and lower outer segments, whereby the
protruding tip of the stopper and the outer segments are not radialy linked by the
main rubber elastic body, while a prescribed gap is formed on the side of the
protruding tip of the stopper.
[0006] Unfortunately, for the above-referenced structure wherein the gap is
formed radially between the stopper and the housing part, the rubber volume of the
main rubber elastic body is small in the radial direction where the stopper is disposed.
Therefore, in the radia direction, the spring constant is likely to be smaller than in
another radial direction, so that the degree of freedom in tuning the characteristics
may become small in the normal vibration input state like the time of driving.
[0007] Since the outer segments are disposed to face each other in the vertical
direction, if they are attached to the housing part of division structure in the vehicle
longitudinal direction as shown in FIG. 13 of Patent Document 2, outer periphera
faces of the outer segments may be damaged by galling by the division edges of the
housing part, or the like. If the specia structure as shown in Patent Document 2 is
not used, it is required to perform attachment works of the device to the axle beam
carefully.
BACKGROUND ART DOCUMENT
PATENT DOCUMENT
[0008] Patent Document 1: JP-A-2014-020487

Patent Document 2: JP-B-3747783

SUMMARY OF THE INVENTION
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PROBLEM THE INVENTION ATTEMPTS TO SOLVE

[0009] The present invention has been developed in view of the
above-described matters as the background, and it is an object of the present invention
to provide a tubular elastic linkage device for axle beam with a novel structure so that
the spring ratio of radial directions is able to set with a great degree of freedom, and
excellent elastic linkage performance can be obtained, even though a stopper is
provided in a specified radial direction.

MEANS FOR SOLVING THE PROBLEM

[0010] The above and/or optional objects of this invention may be attained
according to at least one of the following modes of the invention. The following
modes and/or elements employed in each mode of the invention may be adopted at
any possible optional combinations.

[0011] Specifically, a first mode of the present invention provides a tubular
elastic linkage device for axle beam for eastically linking a truck frame and an axle
beam of a railway vehicle comprising: an inner axial member configured to be fixed
to the truck frame of the railway vehicle; a pair of outer segments disposed about an
outer periphery of the inner axial member so as to face each other in an
axis-perpendicular direction, the pair of outer segments being configured to be
attached to a tubular housing part provided at an end of the axle beam; and a main
rubber elastic body elastically connecting the inner axial member and the pair of outer
segments with one another, the tubular elastic linkage device for axle beam being
characterized in that: a pocket part is formed in one side of the main rubber elastic
body so as to open in an outer peripheral face thereof, while a window is formed
through a first one of the outer segments such that the pocket part opens onto an
outside via the window, a stopper supported by the inner axial member is disposed in
the pocket part so that the stopper faces the housing part with a distance in between in
an axis-perpendicular direction via the window, while the stopper is configured to be
abutted against the housing part so as to constitute a displacement limitation
mechanism limiting relative displacement between the inner axial member and the
pair of outer segments, and an aperture is formed in a second one of the outer
segments so that an other side of the main rubber elastic body deviate from the pocket
part is exposed to the outside via the aperture.

[0012] According to this tubular elastic linkage device for axle beam
constructed following the first mode, on the assumption that alarge load is input by a
single-push type wheel tread brake or the like, the stopper is provided only in one
radia direction. In the first outer segment, the window through which the stopper is
exposed is formed, while, in the second outer segment, the aperture isformed. This
avoids the spring from becoming small only on the one side of the diametrical
direction where the stopper is provided. As a result, the springs of the main rubber
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elastic body interposed between the inner axial member and the respective outer
segments on both sides of the diametrical direction become close to each other.
Therefore, in normal driving state etc. of the railway vehicle where the stopper does
not touch the housing part, it is easy to tune the spring ratio between the stopper
protrusion side and the opposite side. This makes it possible to get excellent
characteristics in relation to vibration input on the both sides of the diametrical
direction in which the outer segments face each other.

[0013] The pair of outer segments face each other in the stopper protrusion
direction. Both on the stopper protrusion side and its opposite side to which the load
IS input, the compression spring of the main rubber elastic body dominates, whereby
the durability can be improved.  Additionally, comparatively hard spring
characteristics by the compression spring are obtained, so that it is possible to tune the
spring characteristics with a great degree of freedom, by forming the window and the
aperture in the outer segments.

[0014] Moreover, since the window is formed through a part of the first outer
segment, in the axial outsides of the window, relative to an input in the stopper
protrusion direction, the compression spring of the main rubber elastic body is
efficiently exhibited radially between the inner axial member and the outer segment.
Thus, decrease of the spring by formation of the window, which has the stopper
exposed, is not likely to become a problem, and it is possible to secure a large degree
of freedom in tuning the spring.

[0015] If a gap is provided between the stopper and the inner faces of the
pocket part, for example, when aload in the peripheral direction is input between the
inner axial member and the outer segment, compression of the main rubber elastic
body due to the stopper is avoided. Thus, it is easy to set the spring small, so that it
may be possible to tune the characteristics such as truck suspension performance and
elasticity with a greater degree of freedom.

[0016] A second mode of the present invention provides the tubular elastic
linkage device for axle beam according to the first mode, wherein the aperture is
formed at an end in a peripheral direction of the second one of the outer segments.
[0017] According to the second mode, it is remarkably easy to form the
aperture. Besides, for the middle portion in the peripheral direction of the outer
segment, the compression spring and the tensile spring of the main rubber e astic body
can be efficiently gotten. Furthermore, it is easier to provide the middle portion in
the periphera direction with a positioning structure between the housing part and the
outer segment.

[0018] A third mode of the present invention provides the tubular elastic
linkage device for axle beam according to the second mode, wherein an opening area
of the aperture islarger than an opening area of the window.
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[0019] According to the third mode, the aperture is formed at the end in the
peripheral direction of the second outer segment. Consequently, the compression
spring component of the main rubber elastic body is more dominant radially between
the inner axial member and the second outer segment, than radially between the inner
axial member and the first outer segment including the window formed at its middie
portion in the peripheral direction. Asaresult, by opening the aperture more largely
than the window so that the bonded area on the main rubber elastic body of the second
outer segment becomes smaller than that of the first outer segment, it becomes easier
to set the springs mutually close on the side of stopper disposition relative to the inner
axial member and on its opposite side.

[0020] A fourth mode of the present invention provides the tubular elastic
linkage device for axle beam according to the first mode, wherein the aperture is
formed at a middle portion in a peripheral direction of the second one of the outer
segments.

[0021] According to the fourth mode, since the aperture is formed at the
middle portion in the peripheral direction of the corresponding outer segment, as well
as the window, it is possible to more readily set the springs mutually close on the
stopper disposition sde and on its opposite side. It is because each formation
position for the window and the aperture is the middle portion in the periphera
direction of the corresponding outer segment, so that an effect by the formation of the
window on the spring and an effect by the formation of the aperture on the spring
become mutually close on the both sides of the diametrical direction where the pair of
outer segments face each other.

[0022] A fifth mode of the present invention provides the tubular elastic
linkage device for axle beam according to the fourth mode, wherein the aperture is
formed with the same opening shape and the same opening area as those of the
window, while the aperture is positioned as opposed to the window in an
axis-perpendicular direction.

[0023] According to the fifth mode, the aperture and the window are disposed
as opposite to each other in the axis-perpendicular direction. As a result, the effect
by the formation of the window on the spring on the stopper disposition side and the
effect by the formation of the aperture on the spring on the opposite side to the stopper
disposition side become even closer. Thus, it is possible to tune the spring on the
stopper disposition side and the spring on the opposite side more easly.
Furthermore, not only disposition for the aperture and the window, but also the
opening shape and the opening area thereof are made equal. This makes it possible
to easily set roughly the same springs for both the stopper disposition side and its
opposite side.

[0024] A sixth mode of the present invention provides the tubular elastic
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linkage device for axle beam according to the fourth or fifth mode, wherein a
lightening recess is formed in the main rubber elastic body so as to open in the outer
peripheral face thereof, while the lightening recess opens onto the outside via the
aperture.

[0025] According to the sixth mode, the lightening recess, which opens onto
the outside via the aperture, is formed in the main rubber elastic body. Thus, in the
main rubber elastic body, the side wherein the lightening recess is formed and the side
wherein the pocket part is formed have mutualy corresponding structures. This
makes it easy to set the springs of the main rubber elastic body to be more mutually
closer on the stopper disposition side and on its opposite side.

[0026] A seventh mode of the present invention provides the tubular elastic
linkage device for axle beam according to any one of the first to sixth modes, wherein
the pair of outer segments are configured to be attached to a pair of front and back
semi-tubular members constituting the housing part by superposing the pair of front
and back semi-tubular members of the housing part to the pair of outer segments from
opposite outsides.

[0027] According to the seventh mode, the housing part has a division
structure wherein the pair of semi-tubular members divided in the periphera direction
are combined. Therefore, the pair of outer segments can be readily attached to the
housing part, so that the mounting work of the tubular elastic linkage device for axle
beam on the axle beam is facilitated. When the tubular elastic linkage device for
axle beam is attached to the housing part, the pair of semi-tubular members are
superposed to the pair of outer segments from the outsides in the direction where the
outer segments face each other. This makes it easier to prevent contact of the
peripheral ends of the semi-tubular members against the outer peripheral face of the
outer segments, thereby avoiding damages due to galling.

[0028] An eighth mode of the present invention provides the tubular elastic
linkage device for axle beam according to any one of the first to seventh modes,
further comprising a positioner configured to position at least one of the pair of outer
segments and the housing part relative to each other in a peripheral direction.

[0029] According to the eighth mode, it is possible to attach the tubular elastic
linkage device for axle beam to the housing part while orienting the device to a
prescribed side. Particularly, relative to an input direction of alarge load for which a
displacement regulating action owing to the stopper is required, it is possible to set the
stopper disposition side with easiness and good accuracy. Thus, it is possible to
obtain the target elastic linkage performance, high durability owing to displacement
control, and the like.

EFFECT OF THE INVENTION

[0030] According to the present invention, in one of the outer segments, the
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window is formed, while, in the other, the aperture is formed. As a result, the
springs of the main rubber elastic body interposed between the inner axial member
and the respective outer segments become closer to each other.  This makes it easy to
relatively tune the springs between the side of the stopper protrusion from the inner
axiad member, and the opposite side thereto. Moreover, since the par of outer
segments are opposed to each other in the stopper protrusion direction, in relation to
input of compression force and tensile force in the stopper protrusion direction, the
compression spring and the tensile spring of the main rubber elastic body dominate,
whereby the durability can be improved. Additionally, the window and the aperture
are formed in the outer segments, so that the spring can be tuned with a great degree
of freedom. Furthermore, the window is formed partially piercing one of the outer
segments. By so doing, the compression spring and the tensile spring of the main
rubber elastic body are efficiently gotten in the axia outsides of the window, so that
the spring lowering due to the formation of the window is not likely to become a
problem.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031] FIG 1 is a perspective view showing a tubular elastic linkage device for axle
beam in the form of a rubber bushing for axle beam as a first embodiment of the
present invention.
FIG 2isatop plan view of the rubber bushing for axle beam shown in FIG. 1.
FIG 3isaright side view of the rubber bushing for axle beam shown in FIG

FIG 4 isacross sectional view taken along line 4-4 of FIG. 2.

FIG 5isacross sectional view taken along line 5-5 of FIG. 4.

FIG 6 isacross sectional view taken along line 6-6 of FIG. 4.

FIG 7 is a perspective view showing the rubber bushing for axle beam of FIG,
1 at another angle.

FIG 8 isaright side view showing the rubber bushing for axle beam of FIG. 1
as mounted on arailway vehicle.

FIG 9 isatop plan view showing a rubber bushing for axle beam as a second
embodiment of the present invention.

FIG 10isacross sectional view taken along line 10-10 of FIG. 9.

FIG 11 isacross sectional view taken along line 11-11 of FIG 10.

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0032] Embodiments of the present invention will be described hereinafter in
reference to the drawings.
[0033] FIGS. 1 to 3 show arubber bushing for axle beam 10 used in arailway
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vehicle as a first embodiment of a tubular elastic linkage device for axle beam
structured according to thisinvention. As FIGS. 4 to 6 show, the rubber bushing for
axle beam 10 comprises an inner axial member 12, front and back outer segments 14a,
14b that are disposed about an outer periphery of the inner axial member 12 to face
each other, and a main rubber elastic body 16 elastically connecting them with one
another. In explanation hereinafter, unless otherwise stated, the vertical direction
means the vertical direction in FIG 3 and about the vertical direction when the rubber
bushing for axle beam 10 is mounted on the railway vehicle. As wdll, the
longitudinal direction means the lateral direction in FIG. 3 and roughly the vehicle
longitudinal direction when it is mounted on the railway vehicle. The laterd
direction means the lateral direction in FIG 2 and substantialy the vehicle lateral
direction in the mounted state on the railway vehicle.

[0034] More specifically, the inner axial member 12 is a high rigidity member
formed of iron, an aluminum alloy, or the like. AsFIGS. 4 to 6 show, the inner axia
member 12 includes a central axis main unit 18 having a solid cylindrical rod shape.
With each end of the central axis main unit 18, an inner collar part 20 of flange shape
expanding radially outward and a fixation part 22 protruding further to the axial
outside than the inner collar part 20 are integrally formed. Each fixation part 22 of
the present embodiment has a shape of about polygonal prism as FIGS. 1 to 3 show,
and a bolt hole 24 is formed through it so as to extend in the vertical direction of the
axis-perpendicular direction. For the inner collar part 20, the axially outer face
expands in generally the axis-perpendicular direction, while the radially inner part of
the axially inner face is a tapered face. That is, the radially inner part of the inner
collar part 20 becomes gradualy thinner as it goes to radialy outside, while the
radialy outer part thereof expands with a nearly constant thickness. The shape of
the inner axial member 12 is not interpreted in a limited way by the specific
descriptions of the embodiment. That is, the specific shape or the like for al the
constituent parts of the inner axial member 12 (the central axis main unit 18, the inner
collar parts 20, the fixation parts 22, and the bolt holes 24 in this embodiment) is not
particularly limited.

[0035] To the central axis main unit 18 of the inner axial member 12, a stopper
26 is attached. As FIGS. 4 and 6 show, the stopper 26 has a block shape wherein
each of the radially inner face and the radially outer face is constituted by a curved
face that is curved in the circumferential direction. The stopper 26 is a high rigidity
member formed of a metal, a rigid synthetic resin, or the like. The stopper 26 is
superposed on the radially outer face of the central axis main unit 18 of the inner axial
member 12, and fixed to the axially central part thereof by such a means as welding,
bonding, or bolt connection. Note that the stopper 26 is not always required to be
fixed to the inner axial member 12 in advance. For example, it is also possible that
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the stopper 26 is set in a mold separately from the inner axial member 12 during
vul canization molding of the main rubber elastic body 16, and it is securely positioned
to the inner axial member 12 by the main rubber elastic body 16.

[0036] Each of the outer segments 14a, 14b has a curved plate shape
extending in the circumferential direction by a length shorter than a half
circumference, wherein an outer collar part 28 that is folded to the radial outside is
integrally formed with each axia end thereof. The outer collar part 28 dlants to the
axial outside as it goes to the radial outside so that it faces the radially inner part of
the inner collar part 20 on a slant.

[0037] With one outer segment 14a, awindow 30 is formed through its central
part in the circumferential direction and in the axial direction with about rectangular
cross section.  The window 30 is formed with an axia dimension that fails to reach
the outer collar parts 28. At a part between the window 30 and the base end of each
outer collar part 28 in the axia direction, a bonded part 32 is provided extending in
the circumferential direction.

[0038] With the other outer segment 14b, as FIG. 7 shows, a positioning hole
34 is formed through its central part with a small-diameter circular cross section.
Although the positioning hole 34 of this embodiment is formed with an opening area
smaller enough than that of the window 30, the cross sectional shape and the size of
the positioning hole 34 are not especialy limited.

[0039] Additionally, apertures 36 are formed at both ends in the periphera
direction of the other outer segment 14b. The apertures 36 of the present
embodiment are formed across the entirety of the outer segment 14b including the
outer collar parts 28 in the axial direction. The apertures 36 are formed at the both
circumferential ends of the outer segment 14b, whereby the circumferential length of
the outer segment 14b is shorter than that of the outer segment 14a In this
embodiment, the sum of the opening areas of the apertures 36, 36 is larger than the
opening area of the window 30. Note that the opening areas of the apertures 36, 36
are changed as appropriate depending on the required spring characteristics in the
longitudinal direction etc. and the sum of the opening areas of the apertures 36, 36
may be smaller than the opening area of the window 30.

[0040] The outer segments 14a, 14b are disposed to be separated from the
central axis main unit 18 of the inner axial member 12 to the radial outside. The
inner axial member 12 and the outer segments 14a, 14b are elastically connected to
one another by the main rubber elastic body 16. The outer segment 14a and the
outer segment 14b are disposed to face each other in the diametrical direction across
the central axis main unit 18, while the circumferential ends of the outer segment 14a
and the outer segment 14b are spaced away from one another in the circumferential
direction.
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[0041] The main rubber elastic body 16 has a nearly cylindrical shape with a
thick wall as a whole. With each axial end of the main rubber elastic body 16, a
rubber collar part 38 projecting radialy outward is integrally formed. For the main
rubber elastic body 16, the radialy inner face of the axialy central part in a
cylindrical shape is bonded by vulcanization on the radially outer face of the central
axis main unit 18 of the inner axial member 12, while the radially outer face thereof is
bonded by vulcanization on the opposite inner faces of the outer segments 14a, 14b.
Each rubber collar part 38 of the main rubber elastic body 16 is disposed between the
face of the corresponding inner collar part 20 of the inner axial member 12 and the
faces of the outer collar parts 28, 28 of the outer segments 14a, 14b, which face one
another. The rubber collar part 38 is bonded by vulcanization to the inner collar part
20 and the outer collar parts 28, 28. The main rubber elastic body 16 of the present
embodiment takes the form of an integrally vulcanization molded component
incorporating the inner axial member 12 and the outer segments 14a, 14b.

[0042] As FIGS. 4 and 6 show, a pocket part 40 is formed in the main rubber
elastic body 16. The pocket part 40 has a concave shape opening in the outer
peripheral face of the main rubber elastic body 16 and it is formed at the axialy
central part of the main rubber elastic body 16. In the vicinity of the opening of the
pocket part 40, the radially outer face of the main rubber elastic body 16 is bonded to
the outer segment 14a. Meanwhile, the window 30 of the outer segment 14a is
positioned relative to the opening of the pocket part 40, so that the pocket part 40 is
opened onto the radial outside via the window 30. The pocket part 40 is formed in
the radially outer face of the main rubber elastic body 16 partialy in the
circumferential direction and in the axial direction, while the window 30 is formed
partialy in the circumferentia direction and the axial direction of the outer segment
14a. Consequently, the main rubber elastic body 16 is bonded by vulcanization also
to the bonded parts 32 of the outer segment 14a, whereby the inner axial member 12
and the bonded parts 32 are elastically connected by the main rubber elastic body 16,
continuously in the radia direction.

[0043] The stopper 26, which is supported by the inner axial member 12,
projects in the pocket part 40 and is disposed at the central part thereof such that at
least the tip part is separated from the wall inner faces of the pocket part 40 in the
axial direction and in the circumferential direction. In this embodiment, the
projecting tip part to the radial outside of the stopper 26 is exposed from the main
rubber elastic body 16. Alternatively, the projecting tip face of the stopper 26 may
be covered by a buffering rubber formed integrally with the main rubber elastic body
16, abuffering rubber separated from the main rubber elastic body 16, an independent
buffering foam body, or the like.

[0044] In the main rubber elastic body 16, a positioning concavity 42 is

-10-



10

15

20

25

30

35

formed. The positioning concavity 42 is a small-diameter circular concave part,
which opens to the radially outer face of the main rubber elastic body 16, on the
opposite side to the pocket part 40 in the diametrical direction. The positioning
concavity 42 is positioned relative to the positioning hole 34 of the outer segment 14b,
so that it opens to the radial outside viathe positioning hole 34.  In the vicinity of the
opening of the positioning concavity 42, the radially outer face of the main rubber
elastic body 16 is bonded by vulcanization to the outer segment 14b.

[0045] As FIGS. 4 and 7 show, the main rubber elastic body 16 is exposed to
the radial outside via the apertures 36, 36 on the circumferential outsides of the outer
segment 14b, in a half circumference that is opposite in a diametrical direction to the
side where the pocket part 40 is provided. In the present embodiment, the outer
segment 14a is aso formed with a circumferential length that is shorter than a half
circumference. Thus, also in the half circumference where the pocket part 40 is
provided, the main rubber elastic body 16 is exposed to the radia outside, on the
circumferential outsides of the outer segment 14a. In short, the main rubber elastic
body 16 is exposed to the outside, in each gap between the both circumferential ends
of the outer segment 14a and the outer segment 14b.

[0046] Moreover, an annular groove 44 shown in FIG. 2 opens to each part of
the radialy outer face of the main rubber elastic body 16 that is exposed between the
outer segment 14a and the outer segment 14b in the circumferential direction. The
annular groove 44 is constituted by concave grooves extending in the axial direction
along the circumferential end of the outer segment 14a and the circumferential end of
the outer segment 14b, and concave grooves extending in the circumferential direction
along the base ends of the rubber collar parts 38 of the main rubber elastic body 16.
Thus, each of the annular grooves 44 extends continuously in a shape of about
rectangular annulus in the exposed part of the main rubber elastic body 16 referred
above. As FIGS. 4 and 5 show, a section of the main rubber elastic body 16
enclosed by each annular groove 44 is a buffering projection 46 projecting to the
radial outside.

[0047] The rubber bushing for axle beam 10 of this structure is attached to a
truck 48 of the railway vehicle, as FIG. 8 shows. The truck 48 comprises a truck
frame 50 and awheel 52, and has a structure wherein an axle box part 56 that supports
an axle 54 of the wheel 52 is elastically linked to the truck frame 50 by a primary
spring 58, while an axle beam 60 extends out from the axle box part 56 to the back
side of the vehicle. A housing part 62 provided at the extending end of the axle
beam 60 is connected to the truck frame 50 by the rubber bushing for axle beam 10.
[0048] More specifically, the housing part 62 of about cylindrical shape is
constituted by mutually fixing semi-tubular members 64a, 64b of about
semi-cylindrical shape which face each other in the longitudinal direction of the
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vehicle. The rubber bushing for axle beam 10 is inserted and fitted in the housing
part 62 in a state where the outer segments 14a, 14b are held between the semi-tubul ar
members 64a, 64b that face each other.

[0049] The orientation of the rubber bushing for axle beam 10 is set such that
the direction in which the outer segments 14a, 14b face each other is the longitudinal
direction of the vehicle. As a result, the semi-tubular members 64a, 64b are
superposed to the outer segments 14a, 14b from the outsides in the direction where the
outer segments 14a, 14b face each other. In the present embodiment, a not-shown
positioning convex part is formed in the opposite inner face of the semi-tubular
member 64a. This positioning convex part is inserted in the positioning hole 34 of
the outer segment 14b, thereby constituting a positioner for positioning the rubber
bushing for axle beam 10 relative to the housing part 62. In this way, since the
housing part 62 has a division structure constituted by the longitudinal pair of
semi-tubular members 64a, 64b, the outer segments 14a, 14b are attached to the
housing part 62 by an easy work.

[0050] Besides, the outer segments 14a, 14b formed with the respective
circumferentia lengths that are shorter than a half circumference are disposed to face
each other in the longitudina direction. The longitudinal pair of semi-tubular
members 64a, 64b are superposed from outsides of the facing direction and attached
to the outer segments 144, 14b. Therefore, damages on the outer segments 14a, 14b
caused by galling due to contact of the corners of the circumferential ends of the
semi-tubular members 64a, 64b with the radially outer faces of the outer segments 14a,
14b are also avoided.

[0051] For the inner axial member 12 of the rubber bushing for axle beam 10,
the fixation parts 22 provided at the both axial ends thereof are fixed to the truck
frame 50, using not-shown mounting bolts inserted through the bolt holes 24.

[0052] In this way, the inner axial member 12 of the rubber bushing for axle
beam 10 is attached to the truck frame 50, while the outer segments 14a, 14b are
attached to the axle beam 60, which is on the side of the wheel 52. By so doing, the
wheel 52 is elastically linked to the truck frame 50 via the primary spring 58 and the
rubber bushing for axle beam 10. When the wheel 52 undergoes displacement in the
vertical direction while being accompanied by deformation of the primary spring 58,
swinging of the axle beam 60 around the inner axial member 12 is alowed by elastic
deformation of the main rubber elastic body 16, thereby absorbing vibration and
impulse.

[0053] Although compressive and tensile loads in the vehicle longitudinal
direction are aso input in the rubber bushing for axle beam 10, the pair of outer
segments 14a, 14b face each other in the vehicle longitudinal direction, so that, in
relation to an input in the vehicle longitudinal direction, compression spring and
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tensile spring of the main rubber elastic body 16 dominate. As a result, the
durability of the main rubber elastic body 16 is improved, while comparatively hard
spring characteristics owing to the compression spring and the tensile spring are
obtained. Thus, by forming the window 30 and the apertures 36 in the outer
segments 14a, 14b, it is possible to tune the spring characteristics with a great degree
of freedom. During the drive of the railway vehicle, the state where the stopper 26 is
spaced apart from the housing part 62 inward in the radial direction of the housing
part 62 is kept such that a linear spring characteristics owing to the elastic
deformation of the main rubber elastic body 16 are gotten.

[0054] For the truck frame 50, a brake apparatus 66 is provided. A brake
shoe 68 is pressed against the radially outer face of the wheel 52 from either
longitudinal side by hydraulic pressure etc., thereby braking rotation of the wheel 52.
Thus, in the truck 48 of the present embodiment, the brake apparatus 66 is a
single-push type wheel tread brake.

[0055] For example, contact of the brake shoe 68 to the wheel 52 from the
vehicle front side exerts a force acting backward on the axle beam 60. As a result,
the axle beam 60 undergoes displacement to the back side, so that the inner axial
member 12 isrelatively displaced in the direction where the outer segments 14a, 14b
face each other. Here in the rubber bushing for axle beam 10, relative displacement
between the inner axial member 12 and the outer segments 14a, 14b is limited by
contact between the stopper 26 and the housing part 62 (the semi-tubular member
64b).

[0056] Specificaly, the stopper 26 is disposed to protrude from the inner axial
member 12 toward the semi-tubular member 64b while facing the semi-tubular
member 64b in the longitudinal direction viathe window 30. When the semi-tubular
member 64b is greatly displaced relative to the inner axial member 12 during vehicle
braking, the inner axial member 12 and the semi-tubular member 64b are abutted
against each other via the stopper 26. This abutting limits relative displacement in
the longitudinal radial direction between the inner axial member 12 and the housing
part 62, and hence the outer segments 14a, 14b. Since this displacement limitation
mechanism is provided so as to limit the elastic deformation amount of the main
rubber elastic body 16, thereby avoiding damage due to excessive deformation of the
main rubber elastic body 16.

[0057] In this embodiment, the rubber bushing for axle beam 10 is positioned
relative to the housing part 62 using the positioner, whereby the projection direction
of the stopper 26 is set to the vehicle longitudinal direction precisely. By so doing, it
IS possible to stably get displacement limitation action owing to the stopper 26,
thereby realizing the target characteristics and the durability.

[0058] In order to constitute the above-described displacement limitation
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mechanism, the pocket part 40 for housing the stopper 26 is formed in the main
rubber elastic body 16, resulting in reduction of the rubber volume of a part of the
main rubber elastic body 16 which connects the inner axial member 12 and the outer
segment 14a with each other. Here, the apertures 36 are formed at the both
circumferential ends of the outer segment 14b, thereby reducing the rubber volume of
a part of the main rubber elastic body 16 which connects the inner axial member 12
and the outer segment 14b. Formation of these apertures 36 adjusts the spring
exerted by the rubber between the inner axial member 12 and the outer segment 14b
in the radial direction. This makes it possible to obtain the target spring
characteristics for the both front and back sides of the vehicle.

[0059] Especialy, the spring exerted by the rubber between the inner axial
member 12 and the outer segment 14ain the radial direction islikely to get small due
to formation of the window 30 and the pocket part 40. However, the spring exerted
by the rubber between the inner axial member 12 and the outer segment 14b in the
radial direction is reduced by providing the apertures 36, 36, so that it becomes easier
to set the spring characteristics mutually close for the front side and the back side of
the vehicle. This makes it possible to realize displacement limitation by the stopper
26 during the vehicle braking, while adjusting the spring characteristics of the rubber
bushing for axle beam 10 in the vehicle longitudinal direction with a great degree of
freedom in the norma driving state. Consequently, excellent elastic connection
performance can be obtained.

[0060] The pocket part 40 wherein the stopper 26 is disposed and the window
30 corresponding to the opening of the pocket part 40 open partialy in the axial
direction and in the circumferential direction. The part around the pocket part 40 is
bonded by vulcanization to the part around the window 30 of the outer segment 14a.
By so doing, not only in the parts out of the window 30 and the pocket part 40 in the
circumferentia direction, but aso in the parts out of the same in the axial direction,
the main rubber elastic body 16 is disposed to provide linkage between the inner axial
member 12 and the outer segment 14ain the radial direction. Therefore, the spring
of the main rubber elastic body 16 is exerted comparatively largely between the inner
axial member 12 and the outer segment 14a. This makes it easier to adjust the
springs of the main rubber elastic body 16 in the longitudinal direction.

[0061] Since the apertures 36 are formed at the circumferential ends of the
outer segment 14b, it is possible to form the apertures 36 more easily. Particularly in
the present embodiment, the apertures 36 are formed across the entire axia length of
the outer segment 14b including the outer collar parts 28, 28. This makes it possible
to form the apertures 36 markedly easily, by shortening the circumferential length of
the whole outer segment 14b.

[0062] In the present embodiment, the sum of the opening areas of the
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apertures 36, 36 is larger than the opening area of the window 30. Owing to this, the
front spring stiffness and the back spring stiffness are set to be even closer. It is
because, in this embodiment, the window 30 is formed at the roughly vertical center
so as to open in the nearly vehicle longitudinal direction, while the apertures 36, 36
are formed at the circumferentia ends of the outer segment 14b and provided in
positions out of the vehicle longitudinal direction to the respective upper and lower
sides.

[0063] As aresult of vertica motion of the wheel 52 or the like, a torsiond
load in the circumferential direction isinput upon the rubber bushing for axle beam 10.
Then, the projecting tip face and the circumferential end faces of the stopper 26 are
exposed from the main rubber elastic body 16, whereby compression of the main
rubber elastic body 16 by the stopper 26 is unlikely to occur. Therefore, it is
possible to avoid the spring in the circumferential direction from getting too hard due
to compressive component. This makes it possible to advantageously attain the
degree of freedom in tuning of the suspension characteristics for the truck 48, and the
like.

[0064] FIGS. 9 to 11 show a rubber bushing for axle beam 70 as a second
embodiment of the tubular elastic linkage device for axle beam according to the
present invention. The rubber bushing for axle beam 70 comprises the inner axia
member 12, outer segments 72a, 72b, and a main rubber elastic body 74 elastically
connecting them with one another. With the description hereafter, for substantially
the same members and parts as those of the first embodiment, the same code numbers
are given in the drawings, and descriptions will be omitted.

[0065] The outer segment 72a of this embodiment is nearly equal to the outer
segment 14a of the first embodiment. Besides, the outer segment 72a and the outer
segment 72b have roughly the same shape as each other. Specifically, the
circumferential lengths for the outer segment 72a and the outer segment 72b are about
equal to each other. Additionally, in the outer segment 72b, an aperture 76 that has
substantially the same opening area and opening shape as those of the window 30 of
the outer segment 72ais formed at the central portion in the axial direction and in the
peripheral direction thereof. Consequently, in a state the outer segment 72a and the
outer segment 72b are bonded by vulcanization on the radially outer face of the main
rubber elastic body 74 as mutually opposed in the diametrical direction, the window
30 and the aperture 76 are disposed on opposite longitudinal sides in the diametrical
direction, i.e., they are provided at parts mutually opposed in the diametrical
longitudinal direction.

[0066] In the main rubber elastic body 74, a lightening recess 78 is formed.
This lightening recess 78 is a concavity opening in the outer peripheral face of the
main rubber elastic body 74 with about the same opening area and opening shape as
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those of the pocket part 40. The lightening recess 78 is formed on an opposite side
to the pocket part 40 facing the pocket part 40 in the diametrical direction. The outer
segment 72b is bonded on the radially outer face of the main rubber eastic body 74,
so that the lightening recess 78 opens onto the radial outside via the aperture 76 of the
outer segment 72b. Consequently, the main rubber elastic body 74 includes nearly
the same concave parts on both front and back sides, and is bonded on the outer
segments 72a, 72b with generally the same embodiments, so that the springs in the
longitudinal direction are made nearly equal to each other.

[0067] In this way, for the rubber bushing for axle beam 70, the window 30 is
formed at the middle portion in the circumferential direction of the outer segment 72a,
while the aperture 76 is formed at the middle portion in the circumferential direction
of the outer segment 72b. Therefore, an effect on the longitudina spring
characteristics with the shape and the size of the window 30 and an effect on the
longitudinal spring characteristics with the shape and the size of the aperture 76 are
close, thereby facilitating adjustment of the spring characteristics for the both front
and back sides. Especially, since the window 30 and the aperture 76 are opposed to
each other in the diametrical direction, the respective effects exerted on the spring
characteristics by the shape and the size for the window 30 and the aperture 76 are
mutually closer, thereby further facilitating the adjustment of the longitudinal spring
stiffness.

[0068] The window 30 and the aperture 76 are formed with substantially the
same shape and size, and the outer segment 72a and the outer segment 72b are nearly
equal to each other in shape. This makesit easier to set the springs on the both front
and back sides with mutually close characteristics. Therefore, it is possible to get
excellent characteristics with respect to a vibration input in the longitudinal direction.
[0069] The pocket part 40 opening to the radialy outer face is formed in the
main rubber elastic body 74, and the pocket part 40 opens onto the outside via the
window 30. Meanwhile, the lightening recess 78 corresponding to the pocket part 40
is formed, and the lightening recess 78 opens onto the outside via the aperture 76.
Owing to these, the springs of the main rubber elastic body 74 in the longitudinal
direction are generally the same as each other more precisely. Thus, when the spring
characteristics equal between the front and back sides are set, it is possible to realize
the target spring characteristics with easiness at a high level.

[0070] It is also possible to tune the springs in the longitudinal direction to
have mutually different characteristics, as appropriate, by differentiating the shape and
the size, between the window 30 and the aperture 76, or between the pocket part 40
and the lightening recess 78.

[0071] Although the embodiments of this invention have been described
above, the present invention is not limited by the specific description of the
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embodiments. For example, the structure of the aperture formed in the outer
segment 14b should not be interpreted in a limited way by the specific description of
the embodiment. That is, a pluraity of apertures may be formed in the middle
portion in the axia direction or in the circumferentia direction of the outer segment
14b.  Alternatively, an aperture may be formed only a either end in the
circumferential direction of the outer segment 14b. Besides, it is also possible to
form apertures at both the ends and the middle portion in the circumferential direction
of the outer segment 14b.

[0072] The stopper 26 is not always required to be directly fixed to the inner
axial member 12, and it can be elastically connected to the inner axial member 12 via
the main rubber elastic body 16. Moreover, the stopper 26 may be formed integrally
with the inner axial member 12.

[0073] The positioning hole is not indispensable and can be omitted like the
second embodiment. It is possible as well to adopt other positioning structures than
the hole. The formation position of the positioning hole is not especially limited,
either. For example, it is also possible to form a positioning hole at a part out of the
aperture 76 and the window 30 in the second embodiment.

[0074] The orientation with which the rubber bushing for axle beam 10 is
mounted to the housing part 62 is just an example. Alternatively, if the side to which
the brake shoe 68 is pressed is inverted in the longitudinal direction relative to that of
the aforementioned embodiment, it is necessary to set the protrusion side of the
stopper 26 reversed as well, so that the orientation with which the rubber bushing for
axle beam 10 is mounted to the housing part 62 is inverted.

KEYSTO SYMBOLS
[0075] 10, 70: Rubber bushing for axle beam (tubular elastic linkage device
for axle beam); 12: Inner axia member; 14a, 14b, 72a, 72b: Outer segment; 16, 74:
Main rubber elastic body; 26: Stopper; 30: Window; 34: Positioning hole (Positioner);
36, 76: Aperture; 40: Pocket part; 50: Truck frame; 60: Axle beam; 62: Housing part;
64a, 64b: Semi-tubular member; 66: Lightening recess
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CLAIMS

1 A tubular elastic linkage device for axle beam for easticaly linking a truck
frame and an axle beam of arailway vehicle comprising:

an inner axial member configured to be fixed to the truck frame of the railway
vehicle;

a pair of outer segments disposed about an outer periphery of the inner axial
member so as to face each other in an axis-perpendicular direction, the pair of outer
segments being configured to be attached to a tubular housing part provided at an end
of the axle beam; and

a main rubber elastic body elastically connecting the inner axial member and
the pair of outer segments with one another, the tubular elastic linkage device for axle
beam being characterized in that:

a pocket part is formed in one side of the main rubber elastic body so as to
open in an outer periphera face thereof, while awindow is formed through afirst one
of the outer segments such that the pocket part opens onto an outside via the window,

a stopper supported by the inner axial member is disposed in the pocket part so
that the stopper faces the housing part with a distance in between in an
axis-perpendicular direction via the window, while the stopper is configured to be
abutted against the housing part so as to constitute a displacement limitation
mechanism limiting relative displacement between the inner axial member and the
pair of outer segments, and

an aperture is formed in a second one of the outer segments so that an other
side of the main rubber elastic body deviate from the pocket part is exposed to the
outside viathe aperture.

2. The tubular elastic linkage device for axle beam according to claim 1, wherein
the apertureis formed at an end in a peripheral direction of the second one of the outer
segments.

3. The tubular eastic linkage device for axle beam according to claim 2, wherein
an opening area of the apertureis larger than an opening area of the window.

4, The tubular elastic linkage device for axle beam according to claim 1, wherein
the aperture is formed at a middle portion in a periphera direction of the second one
of the outer segments.

5. The tubular elastic linkage device for axle beam according to claim 4, wherein
the aperture is formed with the same opening shape and the same opening area as
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those of the window, while the aperture is positioned as opposed to the window in an
axis-perpendicular direction.

6. The tubular elastic linkage device for axle beam according to claim 4 or 5,
wherein alightening recess is formed in the main rubber elastic body so asto openin
the outer peripheral face thereof, while the lightening recess opens onto the outside
viathe aperture.

7. The tubular elastic linkage device for axle beam according to any one of
claims 1-6, wherein the pair of outer segments are configured to be attached to a pair
of front and back semi-tubular members constituting the housing part by superposing
the pair of front and back semi-tubular members of the housing part to the pair of
outer segments from opposite outsides.

8. The tubular elastic linkage device for axle beam according to any one of
clams 1-7, further comprising a positioner configured to position at least one of the
pair of outer segments and the housing part relative to each other in a periphera
direction.
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