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Description
Technical Field

[0001] The presentinvention relates to a plate-shaped
bolster that constitutes an underframe forming a floor sur-
face of a railway car structure body and is provided on a
lower surface of the underframe in arailroad tie direction
and a railway car structure body including the same.

Background Art

[0002] Generally, arailway car structure body (herein-
after, referred to as "structure body") is a hexahedron
structure including an underframe forming a floor surface,
side structures erected on both end portions in a width
direction of the underframe, end structures erected on
both end portions in a longitudinal direction of the under-
frame, and a roof structure provided on top end portions
of the side structures and end structures. In the following
production steps, a bogie for running on a railway is pro-
vided on lower surfaces of both end portions in a longi-
tudinal direction of this structure body, and interior equip-
ment, such as various kinds of electrical components that
supply power for driving the bogie, seats, and lighting
devices, is provided.

[0003] The underframe mainly includes side beams
provided in the longitudinal direction of the underframe
on both the end portions in the width direction of the un-
derframe, end sills connecting both end portions in alon-
gitudinal direction of the side beams, bolsters provided
along the end sills and separately disposed in a prede-
termined dimension on a center side in the longitudinal
direction of the structure body, and center sills connecting
the end sills and the bolsters in the longitudinal direction
of the structure body and including a coupler for coupling
cars.

[0004] A centerpin provided on alower surface of each
bolster forming the structure body (underframe) so as to
hang downward is connected to a bogie frame forming
a bogie via a traction device including a coupling link.
Driving force of a railway car at the time of acceleration
and brake force thereof at the time of deceleration are
transmitted to the bolster of the underframe forming the
structure body from the bogie via the traction device and
the center pin. Therefore, the bolster needs to have high
strength and rigidity. PTL 1 discloses a railroad car struc-
ture body having the above-mentioned structure.
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Summary of Invention
Technical Problem(s)

[0006] Because of a growing interestin environmental
problems, reduction in life cycle energy thatis a sum total
of energy amounts at stages of procurement, production,
use (operation), and reuse is strongly required. Reduc-
tion in weight of a structure body contributes to saving of
resources and reduction in energy used at the time of
operation, and therefore it is possible to reduce energy
regarding use that occupies most of the life cycle energy,
procurement, and production.

[0007] Further, a shock to the railway generated when
the railway car runs is alleviated because of reduction in
weight, and therefore it is possible to reduce a mainte-
nance cost of the railway.

[0008] In order to promote reduction in weight, the
structure body has been produced from a hollow extrud-
ed shape material made of an aluminum alloy. However,
acurrent hollow extruded shape material having two face
plates and a plurality of ribs connecting those face plates
is thinned to near limits of an extrusion ability, and further
reduction in weight is becoming difficult.

[0009] An object of the invention is to provide a light-
weight bolster having high reliability and capable of re-
ducing a life cycle energy and a railway car structure
body including this bolster.

Solution to Problem(s)

[0010] In order to solve the above problems, a bolster
constituting an underframe of a representative railway
car structure body of the invention includes: a core made
of metal; and a composite material provided along the
core, and the above-mentioned problems can be solved
by a railway car structure body including this bolster.

Advantageous Effects of Invention

[0011] According to the invention, it is possible to pro-
vide a lightweight bolster having high reliability and ca-
pable of reducing a life cycle energy and a railway car
structure body including this bolster.

[0012] Problems, configurations, and effects other
than those described above will be described by the fol-
lowing description of embodiments.

Brief Description of Drawings
[0013]

[Fig. 1] Fig. 1 is a side view of a railroad car.

[Fig. 2] Fig. 2 is a perspective view of a railroad car
structure body seen from below.

[Fig. 3] Fig. 3 is a plan view of a bolster.

[Fig. 4] Fig. 4 is a plan view of a panel constituting
the bolster illustrated in Fig. 3.
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[Fig. 5] Fig. 5 is a plan view of a center pin mounting
seat provided on a core illustrated in Fig. 4.

[Fig. 6] Fig. 6 is an A-A cross-sectional view of the
bolster illustrated in Fig. 3.

[Fig. 7] Fig. 7 is a B-B cross-sectional view of the
bolster illustrated in Fig. 3.

[Fig. 8] Fig. 8 is a C-C cross-sectional view of the
bolster illustrated in Fig. 3.

[Fig. 9] Fig. 9 is a D-D cross-sectional view of the
bolster illustrated in Fig. 3.

[Fig. 10] Fig. 10 is an enlarged view of an F portion
of the B-B cross-section of the bolster illustrated in
Fig. 7.

[Fig. 11] Fig. 11 is an E-E cross-sectional view (see
Fig. 3) of the bolster constituting an underframe.

Description of Embodiments

[0014] Arailway caris a general term of a car operated
along a laid railway and means arailroad car, a monorail
car, a car for a new transportation system, a streetcar,
and the like.

[0015] Further, an example disclosed herein relates to
a bolster made up of a core made of metal and a com-
posite material provided on both upper and lower surfac-
es of this core and also relates to a structure body in
which this bolster is provided on side beams and center
sills constituting an underframe by mechanical fastening
means such as rivets or bolts.

[0016] Hereinafter, an example of the invention will be
described with reference to the drawings by using a rail-
road car as a representative example of the railway cars.
[0017] Note that directions regarding the railroad car
for use in the following description are defined as a lon-
gitudinal direction (rail direction) 100 of the railroad car,
a width direction (railroad tie direction) 110 of the railroad
car, and a heightdirection 120 of the railroad car crossing
the longitudinal direction 100 and the width direction 110.
Hereinafter, those directions will be simply referred to as
the longitudinal direction 100, the width direction 110,
and the height direction 120.

[0018] Fig. 1 is a side view of the railroad car. The
railroad car is made up of a railroad car structure body
(hereinafter, referred to as "structure body 1"), a bogie
5, electrical components, interior equipment, and the like.
The structure body 1 is a hexahedron including an un-
derframe 10 (see Fig. 2) forming a floor surface, side
structures 20 erected on both end portions in a width
direction of the underframe 10, end structures 30 erected
on both end portions in a longitudinal direction of the un-
derframe 10, and a roof structure 40 supported by top
end portions of the side structures 20 and top end por-
tions of the end structures 30. Each side structure 20
includes window portions 22 for lighting and ventilation,
a side exit/entrance 21 via which passengers and the like
get on/off the railroad car, and the like.

[0019] Both end portions in the longitudinal direction
100 of the structure body 1 are supported by the bogie
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5soastobe movable onarailway. Plate-shaped bolsters
14 are provided in the width direction of the underframe
10 on parts of a lower surface of the underframe forming
the floor surface of the structure body 1, the parts being
parts on which the bogie 5 is provided. The structure
body 1 is elastically supported by a pair of air springs 8
(only one thereof is illustrated) provided at a center por-
tion in the longitudinal direction 100 of a bogie frame 6
of the bogie 5 provided under the bolsters 14. The air
springs 8 have a function of restraining vibration and the
like of the bogie 5 caused by irregularity of the railway
and the like from being transmitted to the structure body
1 and a function of maintaining a constant floor surface
height of the structure body 1 changing in the height di-
rection 120 in accordance with an increase and decrease
in the number of passengers.

[0020] Fig. 2 is a perspective view of the railroad car
structure body seen from below. The underframe 10
forming the floor surface of the structure body 1 has high
rigidity because the underframe 10 supports a weight of
a passenger and a device provided under a floor and
receives a compressive load and a tensile load from cars
coupled to the own car. The underframe 10 includes side
beams 11 that extend from the side structure 20 to both
end portions in the width direction 110 and includes end
sills 13 on both the end portions in the longitudinal direc-
tion 100. Further, two center sills 12 are provided to ex-
tend in the longitudinal direction 100 of the underframe
10 from a center portion in the width direction 110 of the
end sills 13. Each center sill 12 includes a coupler (not
illustrated) for coupling cars.

[0021] Each plate-shaped bolster 14 that connects one
side beam 11 to the other side beam 11 is provided in
the width direction 110 of the underframe 10 at a position
having a predetermined distance from the end sill 13 to-
ward the center in the longitudinal direction 100 of the
underframe 10. The bolster 14 is connected to the side
beams 11 by mechanical fastening means such as bolts
at fastening portions 82a (see Fig. 3) on both end portions
in the width direction 110 thereof and is also fastened to
the two center sills 12 by mechanical fastening means
such as bolts at fastening portions 82b (see Fig. 3) near
the center in the width direction 110 thereof.

[0022] Fig. 3is a plan view of the bolster, and Fig. 4 is
a plan view of a panel 51 constituting the bolster illustrat-
ed in Fig. 3. The bolster 14 is a plate-shaped component
and has a shape symmetrical to an imaginary line show-
ing an E-E cross-section. Both the end portions in the
width direction 110 of the bolster 14 serve as the fasten-
ing portions 82a on both the end portions, which are fas-
tened to the side beams 11. Further, the fastening por-
tions 82b near the center, which are fastened to the cent-
er sills 12, project in the longitudinal direction 100 from
a center portion in the width direction 110 of the bolster
14.

[0023] The bolster 14 in this example is made up of a
core 50 made of metal and a composite material provided
along this core 50. That is, at least part of a surface of
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the core 50 made of metal and part of a surface of the
composite material exist substantially in parallel to each
other. The core 50 is made up of the panel 51 made of
metal and a center pin mounting seat 75 (see Fig. 5)
made of metal and connected to a center portion of the
panel 51.

[0024] With such a configuration, it is possible to pro-
mote reduction in weight of the bolster in this example,
as compared to a conventional bolster made up of only
metal components.

[0025] Further, the bolster 14 is preferably made up of
the core 50 (see Fig. 6) made of metal, a first composite
material 33 provided on an upper surface in the height
direction 120 of this core 50, and a second composite
material 35 provided on a lower surface thereof.

[0026] With sucha configuration, eveninacase where
a bending load is applied to the bolster 14, the above-
mentioned composite materials having high tensile
strength and compressive strength mainly bear the load,
and therefore itis possible to promote reduction in weight
of the bolster in this example and the bolster can have
high bending strength and rigidity.

[0027] Further, the bolster 14 is preferably such that
substantially the whole core 50 is wrapped in and sealed
with the first composite material 33 covering the upper
surface of the core 50 and the second composite material
35 covering the lower surface of the core 50 (see Fig. 6).
In other words, the composite materials are a cylindrical
body including the core 50 thereinside.

[0028] With such a configuration, the bolster in this ex-
ample can have high strength, rigidity, and durability
(weather resistance) of a metal component, and it is pos-
sible to provide a railway car capable of reducing a life
cycle cost.

[0029] Further, the bolster 14 has a hybrid structure
including the core 50 made of metal, the first composite
material 33, and the second composite material 35.
Therefore, even in a case where mechanical strength of
the composite materials is lost due to degradation over
time and the like, the metallic core 50 can secure residual
strength, and thus the bolster 14 can have high reliability.
[0030] Note that, although not illustrated, the bolster
14 may be formed by inserting the core 50 through an
opening of a cylindrical portion obtained by weaving fib-
ers in a cylindrical shape, then closing this opening, im-
pregnating this cylindrical body including the core 50
thereinside with resin, and curing the cylindrical body,
instead of using the first composite material 33 and the
second composite material 35.

[0031] Fig. 4is a plan view of the panel 51 constituting
the bolster 14. The panel 51 is made of, for example, an
aluminum alloy and includes a first member 53 having a
rectangular shape and having a long side disposed in
the width direction 110 at the center portion, second
members 55 provided along both edges in the longitudi-
nal direction 100 of the first member 53, third members
57 provided in the longitudinal direction 100 on both edg-
es in the width direction 110 of the first member 53 and
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the second members 55, and fourth members 58 con-
nected to the second members 55 and the third members
57. Note that an integrated member in which the second
members 55 and the third members 57 are integrally pro-
vided may be prepared, instead of using the second
members 55 and the third members 57 which are indi-
vidually prepared.

[0032] A center portion in the width direction of the first
member 53 constituting the panel 51 has an opening 61
in which the center pin mounting seat 75 (see Fig. 5) is
provided. Further, in order to elastically support the struc-
ture body 1, openings 60 are provided on parts on which
the air springs provided on an upper surface of the bogie
5 abut.

[0033] Fig. 5is a plan view of the center pin mounting
seat 75 provided on the core illustrated in Fig. 4. The
center pinmounting seat 75 is, for example, a rectangular
plate-shaped member that is produced by being cut off
from an aluminum alloy and has a dimension in the lon-
gitudinal direction 100 larger than a dimension in the
width direction 110. Flanges 75b provided in the longitu-
dinal direction and flanges 75c provided in the width di-
rection 110 are provided on a circumference of the center
pin mounting seat 75.

[0034] The center pin mounting seat 75 has an opening
75e at a center portion thereof, and a plurality of cylin-
drical portions 75d having axes in the height direction
120 are cut off around the opening 75e. The center pin
mounting seat 75 is fastened to the bolster 14 by bolts
to be inserted through the cylindrical portions 75d (see
Fig. 9).

[0035] Fig. 6 is a cross-sectional view of the bolster
taken along the line A-A of Fig. 3. The reference sign 50
in Fig. 6 denotes a range of the core 50. The core 50 in
this cross-section is made up of the panel 51 including
the first member 53 and the second members 55, the
center pin mounting seat 75 provided on this panel 51,
and the like. In addition, the reference sign 75 in Fig. 6
denotes a range of the center pin mounting seat 75. Fur-
ther, the reference sign 61 in Fig. 6 denotes an opening.
[0036] Further, the whole surface of the core 50 includ-
ing the panel 51, the center pin mounting seat 75, and
the like is sealed with the first composite material 33 and
the second composite material 35 having a shell structure
and divided in the height direction 120.

[0037] Fig. 7 is a cross-sectional view of the bolster 14
taken along the line B-B of Fig. 3. In this cross-section,
the bolster 14 is such that whole surfaces of the first mem-
ber 53 and the second members 55 forming the core 50
are sealed with the first composite material 33 and the
second composite material 35 having a shell structure
and divided in the height direction 120.

[0038] Inotherwords, the bolster 14 has a hybrid struc-
ture in which both surfaces in a vertical direction (height
direction 120) of a metallic member (core 50) disposed
as a core are interposed between composite materials
(first composite material 33 and second composite ma-
terial 35) and is such that two composite materials (33
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and 35) are separately disposed via the core 50 in the
height direction 120.

[0039] Further, cylindrical bodies 59 penetrating in the
height direction 120 are provided in the first composite
material 33, the second composite material 35, and the
first member 53 or the second members 55 which are
part of the core 50.

[0040] Fig. 8 is a cross-sectional view taken along the
line C-C of Fig. 3. Also in this cross-section, the bolster
14 is provided by sealing the whole surface of the as-
sembled core 50 with the first composite material 33 and
the second composite material 35 having a shell structure
and divided in the height direction 120.

[0041] Fig. 9 is a cross-sectional view of the bolster
taken along the line D-D of Fig. 3. The reference sign 75
in Fig. 9 denotes a range of the center pin mounting seat
75. In the center pin mounting seat 75, the flanges 75b
are fitted into openings of a face plate 53c under the first
member 53. In addition, as well as in other cross-sec-
tional views, the whole surface is sealed with the first
composite material 33 and the second composite mate-
rial 35 having a shell structure, except for the cylindrical
portions 75d.

[0042] Fig. 10 is an enlarged view of an F portion of
the B-B cross-section of the bolster illustrated in Fig. 7.
A cross-sectional structure in Fig. 10 is a structure in
which an insulating material 36 (glass fiber layer or
GFRP) is provided on a surface of the core 50 (panel 51,
center pin mounting seat 75, and the like) and outer sides
of those insulating layers are sealed with composite ma-
terials (first composite material 33 and second composite
material 35).

[0043] With this configuration, it is possible to restrain
the core 50 made of an aluminum alloy from being dete-
riorated due to electric corrosion. This makes it possible
to provide a railway car including the bolster 14 having
high reliability.

[0044] Next, the first composite material 33 and the
second composite material 35 covering the core 50 will
be described. The first composite material 33 and the
second composite material 35 are made of a carbon-fiber
reinforced plastic (hereinafter, referred to as "CFRP") in
which a carbon fiber is selected as a reinforced fiber and
epoxy resin is selected as matrix resin. Note that the re-
inforced fiber is not limited to a carbon fiber, and a glass
fiber, an aramid fiber, or the like may be selected as the
reinforced fiber. Similarly, the matrix resin is not limited
to epoxy resin, and unsaturated polyester resin, vinylest-
er resin, phenol resin, or the like may be selected as the
matrix resin.

[0045] Further, in order to equalize an elastic modulus
of CFRP with that of the core made of an aluminum alloy,
CFRP may have a quasi-isotropic laminate configuration
without having an anisotropy or may have a laminate
configuration having an anisotropy in order to apply
strength based on a load condition (load direction) to the
CFRP.

[0046] Hereinafter, production steps of the bolster 14
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will be described. First, the panel 51 forming the core 50
is produced. The first member 53, the second members
55, the third members 57, and the fourth members 58
forming the panel 51 are prepared.

[0047] The first member 53 and the second members
55 are a hollow extruded shape material having two face
plates 53a(55a) and 53c(55c¢) facing each other and a
rib 53b(55b) connecting the face plates and are extruded
and molded in the width direction 110. The panel 51 is
produced by positioning four types of members, i.e., the
first member 53, the second members 55, the third mem-
bers 57, and the fourth members 58 and then joining
those members by welding (or friction stir joining) along
joining lines 71, 72, and 73.

[0048] Then, a part into which the center pin mounting
seat 75 described below is fitted is processed in the panel
51. The face plate 53c under the center portion of the
firstmember 53 (panel 51) is removed in accordance with
a rectangular shape of the center pin mounting seat 75
(a rectangular shape having the dimension in the longi-
tudinal direction 100 larger than the dimension in the
width direction 110). Further, a plurality of holes 80 into
which the plurality of cylindrical portions 75d provided on
the center pin mounting seat 75 are fitted are processed
inthe upper face plate 53a facing the removed lower face
plate (see Fig. 3, Fig. 4, and Fig. 9).

[0049] Next, an aluminum alloy is cut out to produce
the center pin mounting seat 75. The center pin mounting
seat 75 is shaped to have a rectangular shape having
the dimension in the longitudinal direction 100 larger than
the dimension in the width direction 110, and the opening
75e is processed at the center portion thereof. The flang-
es 75b provided in the longitudinal direction 100 and the
flanges 75c provided in the width direction 110 are cut
out on the whole circumference of the center pin mount-
ing seat 75, and the plurality of cylindrical portions 75d
to which a center pin 15 is fastened are cut out around
the opening 75e so as to have an axis direction in the
height direction 120.

[0050] Then, the center pin mounting seat 75 is con-
nected to the panel 51 to produce the core 50. First, the
center pin mounting seat 75 is fitted into the processed
part of the panel 51 (first member 53). The flanges
75b(75c¢) provided on the circumference of the center pin
mounting seat 75 are fitted until the flanges 75b(75c)
abut on the face plate 53a of the first member 53, and
the plurality of cylindrical portions 75d of the center pin
mounting seat 75 are fitted into the plurality of holes 80
processed in the panel 51 (first member 53). At this time,
superimposition of the joining lines 71 of the first member
53 and the second members 55 on the flanges 75c of
the center pin mounting seat 75 is confirmed, and then
the first member 53 and the center pin mounting seat 75
are welded. By performing attachment as described
above, it is possible to firmly fix the center pin mounting
seat 75 to the panel 51.

[0051] Next, the first composite material 33 and the
second composite material 35, which have been subject-
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ed to a prepreg step in which a carbon fiber is impreg-
nated with epoxy resin in advance and then have been
subjected to autoclave molding, and the core 50 are put
together by being bonded with a cold-setting adhesive
so as to prevent a residual stress from being generated
due to a difference between linear expansion coeffi-
cients. At this time, the thin insulating material 36 (glass
fiber layer or GFRP; see Fig. 10) which achieves electri-
cal insulation to restrain electric corrosion is provided on
the surfaces of the composite materials (first composite
material 33 and second composite material 35) which
are in contact with the core 50 (panel 51, center pin
mounting seat 75, and the like) made of an aluminum
alloy. Further, in order to obtain a firm bonding surface,
screws (small screws) and the like may be additionally
provided at intervals of several hundreds of millimeters
to secure a surface pressure at the time of bonding.
[0052] Note that the producing method in which auto-
clave molding is performed after a prepreg step has been
described as an example of a producing method of com-
posite materials. However, instead of this producing
method, members that have been molded by a continu-
ous molding method such as press molding, aresin trans-
fer molding (RTM) method, a reaction injection molding
(RIM) method, or a pultrusion method may be cut in an
appropriate dimension and then those members may be
joined to be put together. Further, there may also be em-
ployed, for example, an integrally molding method
(SCRIMP method) in which a dispersing agent of matrix
resin to be injected is disposed at the same time when a
molded portion is decompressed.

[0053] After assembly is completed, holes 81 through
which the cylindrical bodies 59 (bushes; see Fig. 7) are
inserted are machined, and then the cylindrical bodies
59 that penetrate the first composite material 33, the sec-
ond composite material 35, and the core 50 in the height
direction 120 to bind those members in the vertical direc-
tion are fixed. In this way, the bolster 14 is finished.
[0054] Asillustrated in Fig. 7, an axial-direction dimen-
sion t1 of each cylindrical body 59 is set to be slightly
larger than a dimension between the upper surface of
the first composite material 33 and the lower surface of
the second composite material 35. The cylindrical body
59 is fixed to the bolster 14 so that a top end portion of
the cylindrical body 59 projects upward (direction of the
underframe 10) from the upper surface of the first com-
posite material 33 and a bottom end portion of the cylin-
drical body 59 projects downward from the lower surface
(surface facing the railway) of the second composite ma-
terial 35.

[0055] Further, although not illustrated, recessed por-
tions suitable for a shape of abutting surfaces of the cy-
lindrical bodies 59 may be processed on parts of the side
beams 11 and the center sills 12 on which the cylindrical
bodies 59 (bolster 14) abut and the bolster 14 may be
mechanically fastened to the side beams 11 and the cent-
er sills 12 in a state in which abutting portions of the cy-
lindrical bodies 59 are fitted into the recessed portions
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provided on the side beams 11 and the center sills 12.
[0056] Note that the recessed portions may be provid-
ed on the side beams 11 and the center sills 12 on which
allthe cylindrical bodies 59 abut, or the recessed portions
may be provided only on parts on which selected cylin-
drical bodies 59 abut.

[0057] When the recessed portions are provided on
the side beams 11 and the center sills 12 in accordance
with the shape of the cylindrical bodies 59 that project
from the upper surface of the first composite material 33
and the surface of the second composite material 35 as
described above, itis possible to maintain fastening with-
out the bolster 14 sliding on the side beams 11 or the
center sills 12 even in a case where traction force or
brake force is applied to the bolster 14 from the bogie 5.
Further, because the recessed portions are provided, it
is possible to reduce the number of mechanical fastening
portions and the number of cylindrical bodies 59, and
therefore it is possible to reduce a production cost and
promote reduction in weight.

[0058] The bolster 14 is mechanically fastened to the
side beams 11 and the center sills 12 constituting the
underframe 10 by bolts inserted through the cylindrical
bodies 59. Further, the center pin 15 is mechanically fas-
tened to the bolster 14 by bolts inserted through the cy-
lindrical portions 75d. The cylindrical bodies 59 are com-
ponents provided to prevent buckling caused by a bear-
ing surface pressure generated due to fastening force of
the bolts and do not necessarily need to be made of an
aluminum alloy and may be made of, for example, iron
having high buckling strength.

[0059] Further, when the cylindrical bodies 59 are
made of an electroconductive material, it is possible to
provide a railway car having high reliability and capable
of restraining an electric device from being broken or re-
set in a case where a current caused by a large voltage
(hereinafter, surge current) is generated.

[0060] For example, when a power collector (panto-
graph) is brought into contact with an overhead line or is
separated from the overhead line or when a vacuum cir-
cuit breaker (VCB) provided in a circuit connecting the
power collector and a main transformer is switched
on/off, an extremely large voltage is momentarily gener-
ated and a surge current is generated due to this large
voltage in some cases.

[0061] This surge current causes breakage of electric
devices such as a main converter, an auxiliary power
supply device, and an air conditioner mounted on the
railway car and causes reset operation of those electric
devices in some cases. Therefore, in order to protect the
electric devices from a surge current, there is provided
a grounded circuit that electrically connects the structure
body 1 and the bogie 5 and is grounded on the railway
(railroad) via a wheel set 7 (including wheels on both end
portions of an axle) provided in the bogie 5.

[0062] In other words, by providing an electroconduc-
tive or high electroconductive member that penetrates
the upper surface and lower surface in the height direc-
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tion 120 of the bolster covered with the composite mate-
rials, it is possible to form a grounded circuit (see Fig.
11) that extends to the bogie 5 from the structure body
1 (the center sills 12 and the side beams 11 forming the
underframe 10) via the bolster 14. Therefore, even when
the bolster 14 is covered with composite materials having
lower electroconductivity than that of a metal or the like,
itis possible to provide a railway car having high reliability
and capable of restraining electric devices from being
broken or reset due to a surge current.

[0063] Fig. 11 is an E-E cross-sectional view (see Fig.
3) of the bolster constituting the underframe. The bolster
14 is connected to the side beams 11 and the center sills
12 constituting the underframe of the structure body 1 by
mechanical fastening means such as bolts. The cylindri-
cal bodies 59 (bushes) provided in the bolster 14, which
are used for the above fastening, are provided in two
rows or arow in the longitudinal direction 100 of the struc-
ture body 1.

[0064] The centerpin 15 serving as center of revolution
of the bogie 5 is provided on a center portion in the width
direction 110 of the lower surface (a surface on which
the bogie 5 is provided) of the bolster 14. The center pin
15 and the bogie are coupled by a traction device, and
traction force and brake force are transmitted to the struc-
ture body 1 from the bogie 5 via the traction device. Fur-
ther, the pair of air springs 8 are provided on a center
portion in the longitudinal direction 100 of the bolster 14
so as to be provided in the width direction 110 thereof
and interposes the center pin 15 therebetween.

[0065] A sufficient space exists between the lower sur-
face of the underframe 10 and the upper surface of the
bolster 14, and a piping (wiring) module 9 obtained by
bundling a plurality of wires and pipes is provided on the
lower surface of the underframe 10 in the longitudinal
direction 100 of the structure body 1 from end portions
thereof to a center portion thereof without interfering with
the bolster 14. Further, an air tank may also be provided
in the above-mentioned space.

[0066] As described above, by employing the config-
uration in this example, it is possible to promote reduction
in weight of the bolster 14 because the bolster 14 in this
example is not made up of only metal components. Fur-
ther, because the first composite material 33 and the sec-
ond composite material 35 are provided on both the sur-
faces in the vertical direction (height direction) of the
plate-shaped core 50 made of metal, and therefore, even
in a case where a bending load is applied to the bolster
14, the above-mentioned composite materials having
high tensile strength and compressive strength mainly
bear the load. Thus, it is possible to promote reduction
in weight of the bolster 14 and the bolster 14 can have
high bending strength and rigidity.

[0067] Further, because both the whole surfaces in the
vertical direction (height direction) of the plate-shaped
core 50 made of metal is sealed with the first composite
material 33 and the second composite material 35, the
bolster 14 in this example can have high strength, rigidity,
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and durability (weather resistance) of a metal compo-
nent, and it is possible to provide a railway car capable
of reducing a life cycle cost.

[0068] Further, the bolster 14 in this example has a
hybrid structure including the core 50 made of metal, the
first composite material 33, and the second composite
material 35. Therefore, even in a case where mechanical
strength of the composite materials is lost due to degra-
dation over time and the like, the metallic core 50 can
secure residual strength, and thus the bolster 14 can
have high reliability.

[0069] Further, with the configuration in which re-
cessed portions are provided on the side beams 11 and
the center sills 12 and the bolster 14 and the side beams
11 and the center sills 12 are mechanically fastened to
each other in a state in which the cylindrical bodies 59
forming the bolster 14 are fitted into those recessed por-
tions, it is possible to maintain fastening without the bol-
ster 14 sliding on the side beams 11 or the center sills
12 even in a case where traction force or brake force is
applied to the bolster 14 from the bogie 5. Furthermore,
because the recessed portions are provided, itis possible
to reduce the number of mechanical fastening portions
and the number of cylindrical bodies 59, and therefore it
is possible to reduce a production cost and promote re-
duction in weight.

[0070] Further, the bolster 14 in this example is assem-
bled by a metallic core and composite materials with an
adhesive and therefore has a high attenuationrate. Thus,
when vibration is input to the bolster 14 from the bogie 5
via the traction device and the center pin 15, the vibration
is attenuated in a process of transmitting the vibration
through the inside of the bolster 14, and therefore the
vibration is hardly transmitted to the underframe 10. Ac-
cordingly, it is possible to reduce in-car noise and vibra-
tion which are generated due to vibration of the structure
body 1 from the bogie 5. This makes it possible to provide
a comfortable railway car.

[0071] Further, as a modification example of this ex-
ample, a state monitor system that includes an acceler-
ometer 90 and monitors a vibration level of the bolster
14 that is in an operation state may be mounted on the
upper surface (surface facing the lower surface of the
underframe 10) of the bolster 14 constituting the under-
frame 10. When the first (second) composite material
33(35) constituting the bolster 14 is deteriorated or bond-
ing surfaces of the core 50 and the composite materials
constituting the bolster 14 are peeled off, the vibration
level and a natural oscillation frequency of the bolster 14
monitored by the accelerometer 90 are changed. By
monitoring those changes in the vibration level and the
like, normality of the bolster 14 can be always monitored.
This makes it possible to provide a railway car having
high reliability.

[0072] Further, the bolster 14 includes a glass fiber lay-
er (see Fig. 10) serving as the insulating material 36 on
boundary surfaces between the core 50 made of an alu-
minum alloy and the composite materials (first composite
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material 33 and second composite material 35). With this
configuration, it is possible to restrain the core 50 made
of an aluminum alloy from being deteriorated due to elec-
tric corrosion. This makes it possible to provide a railway
car including the bolster 14 having high reliability.
[0073] Further, the bolster 14 includes the electrocon-
ductive cylindrical bodies 59, and therefore it is possible
to easily form the grounded circuit (see Fig. 11) that ex-
tends to the bogie 5 from the structure body 1 (center
sills 12 and side beams 11 forming underframe 10) via
the bolster 14 through those cylindrical bodies 59. This
makes it possible to provide a railway car having high
reliability and capable of restraining electric devices from
being broken or reset due to a surge current.

[0074] With the above configuration, it is possible to
provide a lightweight bolster having high reliability and
capable of reducing a life cycle energy and a railway car
structure body including this bolster.

[0075] Note that the invention is not limited to the
above-mentioned examples and includes various modi-
fication examples. For example, the above-mentioned
examples have been described in detail to easily change
the invention, and therefore the invention is not neces-
sarily limited to the examples having all the configurations
described above. Further, a part of a configuration of an
example can be replaced with another configuration, and
another configuration can be added to a configuration of
an example. Further, a configuration can be added to,
removed from, or replaced with a part of the configuration
in an example.

Reference Signs List

[0076]
1 ... structure body
5 ... bogie
6 ... bogie frame
7 ... wheel set
8 ... air spring

9 ... piping (wiring) module
10 ... underframe

11 ... side beam

12 ... center sill

13 ... end sill

14 ... bolster

15 ... center pin

20 ... side structure

21 ... side exit/entrance

22 ... window portion

50 ... core

30 ... end structure

40 ... roof structure

33 ... first composite material
35 ... second composite material
36 ... insulating material

51 ... panel

53 ... first member
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55 ... second member

57 ... third member

58 ... fourth member

59 ... cylindrical body

60, 61 ... opening

71,72,73 ... joining line

75 ... center pin mounting seat
75b, 75c ... flange

75d ... cylindrical portion
75e ... opening

80, 81 ... hole

82a, 82b ... fastening portion
90 ... accelerometer

100 ... longitudinal direction
110 ... width direction

120 ... height direction

Claims

1.

A bolster forming an underframe of a railway car
structure body, the bolster comprising:

a core made of metal; and
a composite material provided along the core.

The bolster according to claim 1, wherein
the composite material is a cylindrical body including
the core.

The bolster according to claim 1, wherein

the composite material includes

a first composite material provided on an upper sur-
face of the core, and

a second composite material provided on a lower
surface of the core.

The bolster according to claim 3, further comprising
an electroconductive member penetrating the first
composite material, the core, and the second com-
posite material in a height direction of the railway car
structure body.

The bolster according to claim 4, wherein

the core includes

a panel made of metal, and

a center pin mounting seat provided on a center por-
tion of the panel.

The bolster according to claim 5, wherein

the panel is an extruded shape material made of an
aluminum alloy and having two face plates facing
each other and a rib connecting the face plates.

The bolster according to claim 5, wherein

the panel includes

afirstmember provided in awidth direction on a cent-
er portionin alongitudinal direction of the bolster, and
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12.
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second members joined to the first member along
both end portions in a longitudinal direction of the
first member.

The bolster according to claim 5, wherein

the center pin mounting seat

is a rectangular plate-shaped member having a di-
mension in a longitudinal direction larger than a di-
mension in a width direction, and

has a flange to abut on and be welded to one of the
face plates on a circumference of the plate-shaped
member and a plurality of cylindrical portions through
which bolts for fixing the center pin to the center pin
mounting seat are inserted.

The bolster according to claim 8, wherein
the center pin mounting seat is welded to the panel
so that the flange is superimposed on a joining line.

The bolster according to claim 4, wherein

the bolster includes an insulating material on bound-
ary surfaces between the core and the first compos-
ite material and the second composite material.

The bolster according to claim 4, wherein

the electroconductive member has a cylindrical
body, and a top end portion of the electroconductive
member projects from an upper surface of the first
composite material.

A railway car structure body, comprising
the bolster according to any one of claims 1 to 11.
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FIG. 5
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FIG. 10
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