DESCRIPTION

Title of Invention: RATL VEHICLE AND METHOD FOR

MANUFACTURING THE SAME

Technical Field
[0001]
The present invention relates to a rail vehicle and a

method for manufacturing the same.

Background Art
[0002]

In general, a body structure of a rail vehicle to be
operated along laid tracks (hereafter referred to as a body
structure) is a hexahedral structure including an underframe
forming a floor surface, side body structures arranged at
both end portions of the underframe in a width direction,
end body structures arranged at both end portions of the
underframe in a longitudinal direction, and a roof Dbody
structure arranged above the side body structures and the
end body structures.

[0003]

The underframe includes side beams provided at the

both end portions of the underframe in the width direction

along the longitudinal direction of the underframe, end



beams that connect both end portions of the respective side
beams in a longitudinal direction, bolsters provided along
the end beams at a predetermined distance from longitudinal
end portions of the body structure, and center beams that
are arranged along the longitudinal direction of the body
structure and that connect the end beams and the bolsters
to the body structure.

[0004]

A center pin provided in a lower surface of the bolster
along an up-down direction of the body structure 1is
connected to a bogie frame forming a bogie. When a vehicle
is accelerated and decelerated, a load in a front-rear
direction of the vehicle is transmitted from the bogie to
the bolster via the center pin.

[0005]

On the other hand, from a viewpoint of improving an
assembly property of railroad vehicles, it is required to
facilitate attachment of wiring and ducts attached under
the floor. To facilitate the attachment, it is effective
to form a certain space between the underframe and the
bolster and assemble the wiring and the ducts to the body
structure in a state in which the bolster is attached to
the bogie. As a bogie structure equipped with such a bolster,
PTLs 1 and 2 propose a bogie including a bolster that is

bolted only to a side beam.



Citation List

Patent Literature

[0006]

PTL 1: Europe Patent Application Publication No.
2500231

PTL 2: Europe Patent Application Publication No.
2540592

Summary of Invention
Technical Problem
[0007]

In the underframe structure of the railroad wvehicle,
in the case of the structure in which the bolster is
connected only to the side Dbeam, torsional deformation
occurs in the bolster due to a moment load transmitted from
the bogie to the bolster wvia the center pin. In addition,
bending deformation occurs in the bolster due to a vertical
load transmitted from the bogie via an air spring due to a
vertical vibration during traveling.

[0008]

In the bogie structure provided with the bolster
described in PTLs 1 and 2, a bolster structure includes
plate—-shaped ribs and surface plates along a width direction

of a vehicle body structure, and thus a weight of the bolster



may increase or a size of a space between the bolster and
the underframe may be restricted.
[0009]

The invention is made from a viewpoint of
circumstances in the related art, and an object of the
invention 1s to provide a rail vehicle including an
underframe that contributes to improvement in an assembly
property of a vehicle body and that includes a lightweight
and highly rigid thin Dbolster, and a method for

manufacturing the same.

Solution to Problem
[0010]

In order to solve the above-described problem, one of
typical rail vehicles according to the invention is achieved
such that a rail vehicle includes: a bolster provided in an
underframe forming a floor portion; and a bogie provided
below the bolster.

The bolster includes:

side beam abutting portions that are provided at both
end portions of the bolster in a width direction along a
longitudinal direction of the rail vehicle, and that abut
against side beams provided at both end portions of the

underframe in a width direction;



a center beam abutting portion that is provided at a
center portion of the bolster in the width direction along
the longitudinal direction of the rail wvehicle, and that
abuts against a center beam provided at a center portion of
the underframe in the width direction; and

air spring abutting portions that are provided between
the respective side beam abutting portions and the center
beam abutting portion, and against which air springs
provided in the bogie abut.

The air spring abutting portion includes a plurality
of ribs formed radially from a substantially center portion

of the air spring abutting portion by a machining process.

Advantageous Effects of Invention
[0011]

According to the invention, it is possible to provide
the rail vehicle including the underframe that contributes
to improvement in an assembly property of a vehicle body
and that includes a lightweight and highly rigid thin
bolster, and a method for manufacturing the same.

Problems, configurations, and effects other than those
described above will be clarified from the following

description of embodiments.

Brief Description of Drawings



[0012]

[FIG. 1]FIG. 1 is a side view of a railroad wvehicle.

[FIG. 2]FIG. 2 is a perspective view of the railroad
vehicle as seen from below an underframe forming a floor
surface of the railroad vehicle.

[FIG. 3]FIG. 3 is a perspective view (top view) of a
bolster according to a first embodiment.

[FIG. 4]FIG. 4 is a perspective view (bottom view) of
the bolster according to the first embodiment

[FIG. 5]FIG. 5 is a cross—-sectional view illustrating
a positional relationship between an underframe provided
with the bolster according to the first embodiment and a
bogie.

[FIG. 6]FIG. 6 1is a perspective view (top view)
according to a second embodiment.

[FIG. 7]FIG. 7 is a perspective view (top view) of a
bolster according to a third embodiment.

[FIG. 8]FIG. 8 is a cross—sectional view of a bolster
according to a fourth embodiment (vertical cross-sectional
view intersecting an x-direction of an air spring abutting
portion forming a bolster).

[FIG. 9]FIG. 9 is a schematic view (corresponding to
a C-C cross—-sectional view in FIG. 8) illustrating a

vertical cross-sectional shape intersecting a longitudinal



direction of a rib provided in the air spring abutting
portion of the bolster.
[FIG. 10]FIG. 10 is a flowchart illustrating a process

of manufacturing a railroad wvehicle.

Description of Embodiments
[0013]

A rail vehicle is a generic term for vehicles to be
operated along laid tracks, and means a railroad vehicle, a
monorail vehicle, a tram car, a vehicle of a new transit
system, and the like. In the present specification, as a
representative example of a rail vehicle, a railroad vehicle
will be described as an example, and a mode for carrying
out the invention will be described.

[0014]

FEach direction to be described is defined. A
longitudinal direction (rail direction) of the railroad
vehicle i1s defined as an x—-direction, a width direction
(sleeper direction) of the railroad vehicle is defined as a
y—direction, and a height direction intersecting the x-
direction and the y-direction is defined as a z-direction.
[0015]

An embodiment of the invention relates to the railroad
vehicle having a structure in which a bolster supported by

a bogie is fastened to an underframe forming a floor surface



of the railroad vehicle by mechanical fastening portions
such as bolts. In the railroad vehicle, an interval (space)
between the floor surface of the underframe and the bolster
in the z-direction is secured so that piping, wiring, and
the like can be easily fixed.
[0016]

Hereinafter, embodiments of the invention will be
described with reference to the drawings.

FIG. 1 is a side view of a railroad vehicle, and FIG.
2 is a perspective view of the railroad vehicle as seen from
below an underframe forming a floor surface of the railroad
vehicle. The railroad vehicle includes an underframe 10
forming a floor surface, end body structures 40 erected on
both end portions of the underframe 10 in the x-direction,
side body structures 30 erected on both end portions of the
underframe 10 in the y-direction, and a roof body structure
50 placed on the end body structures 40 and upper end
portions of the side body structures 30. Each of the side
body structures 30 is provided with windows, side sliding
doors for passengers to get on and off, and the like.
[0017]

The underframe 10 is a planar structure including a
peripheral edge portion that includes end beams 12 provided
at the both end portions of the underframe 10 in the x-—

direction and side beams 11 provided at the both end



portions of the underframe 10 in the y-direction, and a
floor body structure 5 having the peripheral edge portion
at an outer edge. The underframe 10 includes a pair of
bolsters 13 provided along the y-direction at portions
supported by a bogie 2. One end beam 12 and one bolster 13
are connected by a pair of center beams 15 provided along
the x-direction. Although not illustrated, the center beam
15 includes a connecting device.

[0018]

<First Embodiment>

FIG. 3 is a perspective view (top view) of a bolster
according to a first embodiment, and FIG. 4 is a perspective
view (bottom view) of the bolster according to the first
embodiment. FIG. 5 is a cross-sectional view illustrating
a positional relationship between an underframe provided
with the bolster according to the first embodiment and a
bogie.

[0019]

In the bolster 13, a plurality of bottom portions 25,
which are one step lower than an upper surface of the bolster
13, are formed by a cutting process of removing a plurality
of regions from a flat plate-shaped block material by a
cutting tool, and ribs to be described later are formed
between the adjacent bottom portions 25. A plate thickness

of the bolster 13 at the bottom portion 25 is preferably



equal. The bolster 13 includes side beam abutting portions
13a that are provided along the x-direction at both end
portions of the bolster 13 in the y-direction and that abut
against the side beams 11, a center beam abutting portion
13c that 1is provided along the x-direction at a center
portion of the bolster 13 in the y-direction and that abuts
on the center beams 15, and air spring abutting portions
13b that are provided between the side beam abutting
portions 13a and the center beam abutting portion 13c. A
pair of the air spring abutting portions 13b against which
air springs of the bogie abut have a symmetrical shape with
the center beam abutting portion 13c interposed therebetween.
Each of the air spring abutting portions 13b includes an
air spring center portion 13e against which a center portion
of an air spring 4 provided in the bogie 2 abuts at a
substantially center portion of the air spring abutting
portion 13b.

[0020]

Each of the air spring abutting portions 13b includes
an x-direction edge rib (longitudinal edge rib) 1lé6xe
adjacent to the center beam abutting portion 13c, a pair of
y—direction edge ribs (width direction edge ribs) 1léye
provided along the y-direction at both end portions of the
air spring abutting portion 13b in the x-direction, a y-

direction linear rib (width direction linear rib) 16y and
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y—direction curved ribs (width direction curved ribs) 16yt
that connect the air spring center portion 13e and the x-
direction edge rib 16xe, and x-direction linear ribs
(longitudinal linear ribs) 16x and x-direction curved ribs
(longitudinal curved ribs) 16xt that respectively connect
the air spring center portion 13e and the y-direction edge
ribs loéye.

[0021]

That is, the air spring abutting portion 13b includes
various ribs 16 or the like (the y-direction linear rib 1léy,
the y-direction curved ribs 1l6yt, the x-direction linear
ribs 16x, and the x-direction curved ribs 16xt) which are
cut out radially to connect the air spring center portion
13e to the y-direction edge ribs 1l6ye (or the side beam
abutting portion 13a) and the x-direction edge rib l6xe.
[0022]

The y—-direction linear rib 16y is provided along the
y—direction at a center portion of the air spring abutting
portion 13b in the x-direction. Similarly, the x-direction
linear ribs 16x are provided along the x-direction at center
portions of the air spring abutting portion 13b in the y-
direction.

[0023]
Each of the y-direction curved ribs 16yt is provided

in the air spring abutting portion 13b in a manner of

11



gradually extending along the y—-direction as a distance from
the air spring center portion 13e increases. Similarly,
each of the x-direction curved ribs 16xt is provided in the
air spring abutting portion 13b in a manner of gradually
extending along the x-direction as a distance from the air
spring center portion 13e increases.

[0024]

The above-described wvarious ribs 16 or the 1like
(including the x-direction linear ribs 16x and the y-
direction linear rib 1l6y) are provided in the bolster 13 by
cutting out from the flat plate-shaped block material.
Portions that are surrounded by the various ribs 16 or the
like and on which the bottom portions 25 are left do not
penetrate the bolster 13 in the z-direction, and are pocket-
shaped recessed portions formed by the wvarious ribs 16 or
the like, and the bottom portions 25. Since dust, rainwater
splashed by wheels, and the like may stay in the pocket-
shaped recessed portions, a foam material or the like may
be sealed in the pocket-shaped recessed portions to prevent
accumulation of the dust, retention of the rainwater, and
the like.

[0025]

The bolster 13 includes reinforcing portions 13d in a

manner of respectively straddling both end portions of the

side beam abutting portions 13a in the x-direction and the

12



air spring abutting portions 13b. In addition, when the
bolster 13 is machined by cutting, planar fastening surfaces
17 to be fastened to the side beams 11 and the center beams
15 that form the underframe 10 are formed at the side beam
abutting portions 13a and the center beam abutting portion
13c by the machining process. Although not illustrated,
the fastening surfaces 17 are also machined with through
holes through which bolts or the 1like that fasten the
bolster 13 to the side beams 11 and the center beams 15 that
form the underframe 10 pass, respectively.
[0026]

As illustrated in FIG. 4, air spring abutting surfaces
19 against which upper support seats of the air springs 4
abut are formed at a lower surface (an air spring 4 side)
of the bolster 13 by the machining process. In addition, a
seat of a center pin 14 (an abutting position is illustrated
by a dotted line in FIG. 4), which serves as an axis when
the bogie 2 turns in a horizontal plane and receives a load
accompanying acceleration and deceleration of the bogie 2,
is fixed to a lower surface of the center beam abutting
portion 13c in the center portion of the bolster 13 in the
y—direction.
[0027]

The side beam abutting portion 13a of the bolster 13

may be provided with a receiving portion of a yaw damper

13



that connects the bogie 2 and a body structure 1 and prevents
vibration (turning) of the bogie 2 in the horizontal plane
during high-speed traveling of the railroad wvehicle.

[0028]

<Effects>

In FIG. 5, after piping and wiring 28 is fixed to a
lower surface of the underframe 10 assembled except for the
bolster 13, the bolster 13 is fixed to the side beams 11
and the center beams 15 of the underframe 10 from below the
underframe 10 via mechanical fastening portions such as
bolts. Since spaces 21 having a z-direction dimension are
formed between the floor body structure 5 of the underframe
10 and the upper surface of the bolster 13, the piping and
wiring 28 can be provided in the underframe 10 with a small
number of manufacturing steps without interfering with the
bolster 13.

[0029]

Since the bolster 13 is manufactured by the cutting
process, the various ribs 16 or the like can be integrally
provided without requiring welding or the like which may
cause a decrease in strength. Therefore, the bolster 13
having no decrease in strength due to heat input caused by
welding or the like can reduce bending deformation due to a
vertical load transmitted from the bogie 2 to the bolster

13 via the air springs 4 and torsional deformation due to a

14



moment load transmitted from the bogie 2 to the bolster 13
via the center pin 14, by a bending rigidity and a torsional
rigidity of the various ribs 16 or the like.

[0030]

In the bolster 13 manufactured by the cutting process,
it is possible to obtain highly accurate abutting surfaces
of the side beam abutting portions 13a and the center beam
abutting portion 13c that abut against the side beams 11
and the center beams 15 of the underframe 10, respectively.
Similarly, since the air spring abutting surfaces 19 of the
bolster 13 are also manufactured by the cutting process, it
is possible to obtain the air spring abutting surfaces 19
against which the upper support seats of the air springs 4
abut and the highly accurate abutting surfaces against which
the seat of the center pin 14 abuts.

[0031]

Therefore, on the various abutting surfaces of the
bolster 13, each portion to be fastened to the bolster 13
comes into contact with the surface, a strong frictional
force 1is generated between each portion mechanically
fastened and the corresponding abutting surface of the
bolster 13, and thus the railroad vehicle including the
underframe 10 can be provided.

[0032]

<Second Embodiment>

15



FIG. 6 is a perspective view (top view) according to
a second embodiment. Here, a configuration different from
the first embodiment and effects derived from the
configuration will be mainly described, and description
related to a configuration common to the first embodiment
will be omitted.

[0033]

Each of the y-direction curved ribs 16yt is connected
to the x—-direction edge rib 1l6xe in a manner that the y-
direction curved rib 16yt gradually extends along the y-
direction and a width direction dimension of the y-direction
curved rib 1lé6yt gradually increases as the distance from
the air spring center portion 13e increases.

[0034]

Similarly, each of the x-direction curved ribs 16xt
is connected to the y-direction edge rib 1l6ye in a manner
that the x-direction curved rib 16xt gradually extends along
the x-direction and a width direction dimension of the x-
direction <curved rib 16xt gradually increases as the
distance from the air spring center portion 13e increases.
[0035]
<Effects>

According to the configuration, in addition to the
effects described in the first embodiment, it is possible

to efficiently improve the rigidity of the various ribs 16

16



or the like while preventing an increase in a weight of the
bolster 13, and to effectively resist the Dbending
deformation of the air spring abutting portion 13b due to
the load from the air spring 4 and the torsional deformation
due to the load of the center pin 14 provided in the lower
surface of the center beam abutting portion 13c.

[0036]

<Third Embodiment>

FIG. 7 is a perspective view (top view) of a bolster
according to a third embodiment. Here, a configuration
different from the first embodiment and the second
embodiment and effects derived from the configuration will
be mainly described, and description related to a
configuration common to the first embodiment and the second
embodiment will be omitted.

[0037]

In the bolster structure according to the first
embodiment or the second embodiment 2, cutting portions 20
are provided by the machining process such that z-direction
dimensions of the x-direction edge ribs 16xe of the air
spring abutting portions 13b of the bolster 13 or the y-
direction curved ribs 1lé6yt and the y-direction edge ribs
l6ye that are connected to the side beam abutting portions
13a are reduced (such that heights of the ribs are reduced),

respectively. That is, a thickness of the air spring

17



abutting portion 13b on a side close to the x-direction edge
rib 16xe is thinner than a thickness of the air spring
abutting portion 13b on a side close to the air spring
center portion 13e.

[0038]

A portion of the air spring abutting portion 13b in
which the cutting portion 20 is provided is a portion where
an influence on a rigidity and strength with respect to the
bending deformation due to the load from the air spring 4
or the torsional deformation due to the load of the center
pin 14 is small.

[0039]
<Effects>

By providing the cutting portion 20 in the air spring
abutting portion 13b, it is possible to effectively resist
the bending deformation of the air spring abutting portion
13b due to the load from the air spring 4 and the torsional
deformation due to the load of the center pin 14 provided
in the lower surface of the center beam abutting portion
13c, and to reduce the weight of the bolster 13 to promote
weight reduction.

[0040]
<Fourth Embodiment>
FIG. 8 1s a cross—sectional wview of a bolster

according to a fourth embodiment (vertical cross-sectional
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view intersecting the x-direction of the air spring abutting
portion forming the bolster). FIG. 9 is a schematic view
(corresponding to a C-C cross—-sectional view in FIG. 8)
illustrating a vertical cross—-sectional shape intersecting
a longitudinal direction of a rib provided at the air spring
abutting portion of the Dbolster. Here, a configuration
different from the above-described embodiments and effects
derived from the configuration will be described.

[0041]

According to the second embodiment, as means that
increases the rigidity of the various ribs 16 or the like,
for example, a configuration is described in which the y-
direction curved rib 16yt is connected to the x-direction
edge rib 1l6xe in a manner that the y-direction curved rib
l6yt gradually extends along the y-direction and the width
direction dimension of the y-direction curved rib 16yt
gradually increases as the distance from the air spring
center portion 13e increases. On the other hand, the fourth
embodiment is an example in which a z-direction dimension
of the y-direction linear rib 16y is gradually changed, for
example, instead of the manner that the width direction
dimension of the y-direction curved rib 16yt gradually
increases. Such a shape of the y-direction linear rib 16y
can be formed by using a numeral control (NC) device or the

like.

19



[0042]

The z-direction dimension of the y-direction linear
rib 16y is set to be the largest in the vicinity of the air
spring center portion 13e and to be gradually reduced as
the y-direction linear rib 16y approaches the center beam
abutting portion 13c (the x-direction edge rib 1l6xe).
Although not illustrated, a width direction dimension of a
portion in which the z-direction dimension of the y-
direction linear rib 16y is large is set to be smaller than
a width direction dimension of a portion in which the z-
direction dimension of the y-direction linear rib 16y is
small, and the width direction dimension of the y-direction
linear rib 16y is also gradually changed similarly to the
z—direction dimension. That 1is, a height direction
dimension of the y-direction linear rib 16y is largest in
the vicinity of the air spring center portion 13e, and the
height direction dimension of the y-direction linear rib
16y decreases as the y-direction linear rib 16y approaches
the x-direction edge rib 1lé6xe. In addition, the width
direction dimension of the y-direction linear rib 16y is
the smallest in the vicinity of the air spring center
portion 13e, and the width direction dimension of the y-
direction linear rib 16y increases as the y-direction linear
rib 16y approaches the x-direction edge rib lé6xe.

[0043]

20



A cross—-sectional shape of the y-direction linear rib
16y intersecting a longitudinal direction (corresponding to
a cross-sectional view taken along C-C in FIG. 8) may be
any shape as long as the y-direction linear rib 16y has both
weight reduction and high rigidity, and FIG. 9 illustrates
cross—-sectional shapes of the wvarious ribs 16 or the like
having these features.

[0044]

A y-direction linear rib illustrated in (a) of FIG. 9
includes a lower structure portion having a rectangular
cross section with a long side extending horizontally, and
an upper structure portion having a rectangular cross
section protruding in the z-direction from a center portion
of the lower structure portion in the x-direction.

[0045]

A y-direction linear rib illustrated in (b) of FIG. 9
includes a lower structure portion having a cross-sectional
shape in which a z-direction dimension decreases as a
distance from a center portion in the x-direction increases,
and an upper structure portion having a rectangular cross
section protruding in the z-direction from the center
portion of the lower structure portion in the x-direction.
[0046]

A y-direction linear rib illustrated in (c) of FIG. 9

includes a lower structure portion having a semi-elliptical
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cross—-sectional shape having a major axis on a bottom
portion 25 side, and an upper structure portion having a
rectangular cross section protruding in the z-direction from
a center portion of the lower structure portion in the x-
direction.

[0047]

A y-direction linear rib illustrated in (d) of FIG. 9
has a trapezoidal cross—-sectional shape having a long side
on the bottom portion 25 side. A y-direction linear rib
illustrated in (e) of FIG. 9 has a semi-elliptical cross-—
sectional shape having a major axis on the bottom portion
25 side. The above-described y-direction linear ribs have
the cross—-sectional shapes in which an x-direction width on
a lower side 1in the =z-direction is larger than an x-
direction width on an upper side in the z-direction.
Further, a y-direction linear rib illustrated in (f) of FIG.
9 has a wine glass—shaped (or H-shaped) cross-sectional
shape.

[0048]
<Effects>

By providing the ribs 16 having various shapes having
the above-described configurations, it is possible to
implement the weight reduction and the high rigidity of the
ribs 16, and thus it is possible to effectively resist the

bending deformation of the air spring abutting portion 13b
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due to the load from the air spring 4 and the torsional
deformation due to the load of the center pin 14 provided
in the lower surface of the center beam abutting portion
13c, and to reduce the weight of the bolster 13 to promote
the weight reduction.
[0049]
<Manufacturing Method>

FIG. 10 is a flowchart illustrating a process of
manufacturing a railroad vehicle. A method for
manufacturing a railroad vehicle will be described with
reference to FIG. 10.
[0050]

In step S10, the manufacturing of the railroad vehicle
is started.

In step S20, a block material from which the bolster
13 is to be cut out is prepared and fixed to a surface plate.

In step S30, the side beam abutting portions 13a, the
air spring abutting portions 13b, and the center beam
abutting portion 13c are cut out from the block material by
a milling process or the like.
[0051]

In step 40, the air spring center portion 13e is cut
out from the air spring abutting portion 13b.

In step S50, the y-direction linear rib 16y, the y-

direction curved ribs 16yt, the x-direction linear ribs 16x,
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and the x-direction curved ribs 16xt are cut out radially
from the air spring center portion 1l3e.
[0052]

In step S60, the bolster 13 is reversed and the air
spring abutting surface 19 is cut out.

In step S70, the piping and wiring 28 is placed on the
underframe 10, and then the bolster 13 is fixed to the side
beams 11 and the center beams 15 of the underframe 10 with
bolts or the like.

In step S80, the manufacturing of the railroad vehicle
ends.

[0053]
<Effects>

By manufacturing the bolster 13 by a cutting process,
the bolster 13 integrally provided with the various ribs 16
or the like can reduce the bending deformation due to the
vertical load transmitted from the bogie 2 to the bolster
13 via the air spring 4 and the torsional deformation due
to the moment load transmitted from the bogie 2 to the
bolster 13 via the center pin 14, by the bending rigidity
and the torsional rigidity of the various ribs 16 or the
like.

[0054]
In the bolster 13 manufactured by the cutting process,

it is possible to obtain highly accurate abutting surfaces
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of the side beam abutting portions 13a and the center beam
abutting portion 13c that abut against the side beams 11
and the center beams 15 of the underframe 10, respectively.
Similarly, since the air spring abutting surfaces 19 of the
bolster 13 are also manufactured by the cutting process, it
is possible to obtain the air spring abutting surfaces 19
against which the upper support seats of the air springs 4
abut and the highly accurate abutting surfaces against which
the seat of the center pin 14 abuts.

[0055]

Therefore, on the various abutting surfaces of the
bolster 13, each portion to be fastened to the bolster 13
comes into contact with the surface, and a strong frictional
force is generated Dbetween each portion mechanically
fastened and the corresponding abutting surface of the
bolster 13, and thus the railroad vehicle including the
underframe 10 can be provided.

[0056]

After the piping and wiring 28 is fixed to the lower
surface of the underframe 10 assembled except for the
bolster 13, the bolster 13 is fixed to the side beams 11
and the center beams 15 of the underframe 10 from below the
underframe 10 wvia mechanical fastening portions such as
bolts. Since the spaces 21 having the z-direction dimension

are formed Dbetween the floor body structure 5 of the
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underframe 10 and the upper surface of the bolster 13, the
piping and wiring 28 can be provided in the underframe 10
with a small number of manufacturing steps without
interfering with the bolster 13.

[0057]

In the above-described embodiments, the example in
which the bolster is formed from the block material by the
cutting process has been described, but a rib can also be
formed at a flat plate-shaped block material by, for example,

additive manufacturing or the like.

Reference Signs List
[0058]
1 body structure
2 bogie
3 bogie frame
4 air spring
5 floor body structure
10 underframe
11 side beam
12 end beam
13 bolster
13a side beam abutting portion
13b air spring abutting portion

13c center beam abutting portion
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13d reinforcing portion

13e air spring center portion

14

15

center pin

center beam

16x x—direction linear rib

16y y—-direction linear rib

16xe x—-direction edge rib

l6ye y-direction edge rib

l16xt x—direction curved rib

l6yt y—-direction curved rib

17

19

20

21

25

28

30

40

50

fastening surface

air spring abutting surface
cutting portion

space

bottom portion

piping and wiring

side body structure

end body structure

roof body structure

x longitudinal direction

y width direction

z height direction
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CLAIMS

[Claim 1]

A rail vehicle comprising:

a bolster provided in an underframe forming a floor
portion; and

a bogie provided below the bolster, wherein

the bolster includes:

side beam abutting portions that are provided
along a longitudinal direction of the rail vehicle, that
are provided at both end portions of the underframe in a
width direction, and that abut against side beams;

a center beam abutting portion that is provided
along the longitudinal direction of the rail vehicle, that
is provided at a center portion of the underframe in the
width direction, and that abuts against a center beam; and

air spring abutting portions that are provided
between the respective side beam abutting portions and the
center beam abutting portion, and against which air springs
provided in the bogie abut, and

the air spring abutting portion includes a plurality
of ribs formed radially from a substantially center portion

of the air spring abutting portion by a machining process.

[Claim 2]
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The rail vehicle according to claim 1, wherein
the air spring abutting portion includes:

a longitudinal edge rib adjacent to the center
beam abutting portion;

a pair of width direction edge ribs provided
along the width direction at both end portions of the air
spring abutting portion in the longitudinal direction;

an air spring center portion provided at the
substantially center portion of the air spring abutting
portion;

a width direction 1linear rib and a width
direction curved rib that connect the air spring center
portion and the longitudinal edge rib; and

a longitudinal 1linear rib and a longitudinal
curved rib that connect the air spring center portion and

the width direction edge rib.

[Claim 3]

The rail vehicle according to claim 2, wherein

the width direction linear rib is provided along the
width direction at a center portion of the air spring
abutting portion in the longitudinal direction,

the longitudinal 1linear rib is provided along the
longitudinal direction at a center portion of the air spring

abutting portion in the width direction,
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the width direction curved rib is connected to the
longitudinal edge rib in a manner of gradually extending
along the width direction as a distance from the air spring
center portion increases, and

the longitudinal curved rib is connected to the width
direction edge rib in a manner of gradually extending along
the longitudinal direction as a distance from the air spring

center portion increases.

[Claim 4]

The rail vehicle according to claim 3, wherein

the width direction curved rib 1is connected to the
longitudinal edge rib in a manner that a width direction
dimension of the width direction curved rib gradually
increases as the distance from the air spring center portion
increases, and

the longitudinal curved rib is connected to the width
direction edge rib in a manner that a width direction
dimension of the longitudinal curved rib gradually increases

as the distance from the air spring center portion increases.

[Claim 5]
The rail vehicle according to claim 4, wherein
a height direction dimension of the width direction

linear rib is largest in a vicinity of the air spring center
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portion, and the height direction dimension of the width
direction linear rib decreases as the width direction linear

rib approaches the longitudinal edge rib.

[Claim 6]

The rail vehicle according to claim 5, wherein

a width direction dimension of the width direction
linear rib is smallest in the vicinity of the air spring
center portion, and the width direction dimension of the
width direction linear rib increases as the width direction

linear rib approaches the longitudinal edge rib.

[Claim 7]

The rail vehicle according to claim 2, wherein

a thickness of the air spring abutting portion on a
side close to the longitudinal edge rib is thinner than a
thickness of the air spring abutting portion on a side close

to the air spring center portion.

[Claim 8]

A method for manufacturing the rail vehicle according
to claim 2, comprising:

a step of forming the bolster,
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by forming the side beam abutting portions, the
air spring abutting portion, and the center beam abutting
portion at a surface of a block material by a cutting process,

by forming the air spring center portion at the
air spring abutting portion by the cutting process,

by forming the ribs radially from the air spring
center portion by the cutting process, and

by forming an air spring abutting surface at a
back surface of the block material by the cutting process;
and

a step of placing piping and wiring on the underframe,

and then fixing the bolster to the underframe.
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