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DESCRIPTION
Title of Invention: RAILCAR
Technical Field
[0001] The present invention relates to a railcar and particularly to a railcar including a floor

structure having a floor pan.

Background Art

[0002] A railcar bodyshell includes: an underframe; a pair of side bodyshells provided at
both respective car width direction sides of the underframe; a roof bodyshell provided over the
side bodyshells; and end bodyshells provided at both respective car longitudinal direction ends of
the underframe. The underframe includes: a pair of side sills extending in a car longitudinal
direction; and a plurality of cross beams extending in a car width direction and connected to the
pair of side sills. A floor pan (also referred to as a “sub-floor pan”) is provided in a space
surrounded by the pair of side sills and a pair of adjacent cross beams, and a floor panel is
provided above the floor pan. For example, as disclosed in PTL 1, a heat insulating material is

provided between the floor pan and the floor panel.

Citation List
Patent Literature
[0003] PTL 1: Japanese Laid-Open Patent Application Publication No. 2012-101639

Summary of Invention

Technical Problem

[0004] The railcar bodyshell is required to have structural strength that can bear, for
example, a compressive load applied to a car end in the car longitudinal direction and a torsional
load applied during traveling, during jack-up for maintenance, or during lift-up by a crane.
Therefore, in some cases, the strength of the bodyshell is increased by increasing thicknesses of
the side sills and the cross beams and/or increasing the number of members reinforcing the
underframe. However, in such cases, the weight of the railcar may increase.

[0005] An object of the present invention is to increase structural strength of a railcar
bodyshell by a simple configuration while suppressing an increase in weight of the railcar

bodyshell.

Solution to Problem
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[0006] To solve the above problems, a railcar according to one aspect of the present
invention includes: an underframe including a pair of side sills and a plurality of cross beams
each connected to the pair of side sills, the cross beams being arranged at intervals in a car
longitudinal direction; and a floor pan arranged in a space surrounded by the pair of side sills and
a pair of adjacent cross beams among the plurality of cross beams, the floor pan being fixed to
the underframe, the floor pan being configured as a strength member configured to bear at least
one of a compressive load and shearing load applied from the underframe.

[0007] According to the above configuration, the floor pan is arranged in the space
surrounded by the pair of side sills and a pair of adjacent cross beams among the plurality of
cross beams and is fixed to the underframe, and the floor pan is configured as the strength
member configured to bear at least one of the compressive load and shearing load applied from
the underframe. By using the floor pan as the strength member as above, the railcar bodyshell
can be reinforced by a simple configuration, and the structural strength of the railcar bodyshell
can be improved. Further, for the purpose of increasing the strength of the railcar bodyshell, it
is unnecessary to increase the thicknesses of the side sills and the cross beams and also
unnecessary to increase the number of reinforcing members reinforcing the underframe. Thus,

the increase in weight of the railcar due to the reinforcement of the railcar can be suppressed.

Advantageous Effects of Invention
[0008] The above aspect of the present invention can increase structural strength of a railcar
bodyshell by a simple configuration while suppressing an increase in weight of the railcar

bodyshell.

Brief Description of Drawings
[0009] Fig. 1 is a schematic side view of a railcar according to an embodiment.

Fig. 2 is a plan view of an underframe when viewed from above in a vertical
direction.

Fig. 3 is an exploded perspective view showing a part of the underframe and a floor
pan.

Fig. 4 is a plan view showing a part of the underframe and the floor pan when
viewed from above in the vertical direction.

Fig. 5 is a partially sectional view of the floor pan when viewed from a car
longitudinal direction.

Fig. 6 is a partially sectional view of the floor pan when viewed from a car width



direction.

Fig. 7 is a partially sectional view of the repaired floor pan when viewed from the
car longitudinal direction.

Fig. 8 is a partially sectional view of the floor pan on which an opening is formed,

when viewed from the car longitudinal direction.

Description of Embodiments

[0010] Hereinafter, an embodiment of the present invention will be explained in reference to
the drawings. Fig. 1 is a schematic side view of a railcar 1 according to the embodiment. Fig.
2 is a plan view of an underframe 3 when viewed from above in a vertical direction. Fig. 3 is
an exploded perspective view showing a part of the underframe 3 and a floor pan 15. Fig.4isa
plan view showing a part of the underframe 3 and the floor pan 15 when viewed from above in
the vertical direction. For convenience sake, only one floor pan 15 is shown in each of Figs. 3
and 4. Fig. 5 is a partially sectional view of the floor pan 15 when viewed from a car
longitudinal direction. Fig. 6 is a partially sectional view of the floor pan 15 when viewed from
a car width direction.

[0011] As shown in Fig. 1, the railcar 1 includes a pair of bogies 2 and a carbody (railcar
bodyshell) 7 supported by the bogies 2. The carbody 7 includes the underframe 3, side
bodyshells 4, a roof bodyshell 5, and end bodyshells 6. The bogies 2 are arranged at respective
positions separated from each other in the car longitudinal direction. The side bodyshells 4 are
arranged at both respective car width direction sides of the underframe 3, and door openings 4a
and window openings 4b are formed on outside plates of the side bodyshells 4. The roof
bodyshell 5 is arranged above the side bodyshells 4 and coupled to the side bodyshells 4. The
end bodyshells 6 are arranged at both respective car longitudinal direction sides of the
underframe 3.

[0012] As shown in Figs. 2 and 3, the underframe 3 includes side sills 10, end beams 11,
center sills 12, bolster beams 13, cross beams 14, and the floor pans 15. The side sills 10 form
a pair, extend in the car longitudinal direction, and are arranged so as to be spaced apart from
each other in the car width direction. Each of the side sills 10 includes: a first plate member 16
having a substantially L-shaped section when viewed from the car longitudinal direction; a
second plate member 17 combined with the first plate member 16 and having a substantially
W-shaped section when viewed from the car longitudinal direction; and a third plate member 18
connected to the second plate member 17 and including an upper surface 18a projecting in a

horizontal direction, that is, projecting inward in the car width direction of the underframe 3.
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The first plate member 16, the second plate member 17, and the third plate member 18 extend in
the car longitudinal direction. The second plate member 17 is combined with the first plate
member 16 such that an internal space is formed between the first plate member 16 and the
second plate member 17. Thus, a hollow structure is formed in the side sill 10. A supporting
member 19 is provided on the upper surface 18a of the third plate member 18. The supporting
member 19 reinforces the side sill 10 and supports a below-described floor panel 30. The
supporting member 19 extends in the car longitudinal direction and has a hat-shaped section
when viewed from the car longitudinal direction. The supporting member 19 includes: a main
body portion 19b including a flat upper surface and having a contour shape that is convex
upward when viewed from the car longitudinal direction; and a pair of flange portions 19a
projecting from respective lower ends of the main body portion 19b in respective directions
opposite to each other and fixed to the upper surface 18a of the third plate member 18. The
floor panel 30 is arranged above the supporting member 19. The flat upper surface of the main
body portion 19b of the supporting member 19 supports the floor panel 30 (see Figs. 5 and 6)
from below.

[0013] As shown in Fig. 2, the end beams 11 extend in the car width direction and are
connected to car longitudinal direction end portions of the side sills 10. The bolster beams 13
forms a pair and extend in the car width direction. The bolster beams 13 are arranged at an
inner side of the end beams 11 in the car longitudinal direction of the railcar 1 and connected to
the side sills 10. The bogies 2 are coupled to respective lower portions of the bolster beams 13.
With this, a load from the carbody 7 is transmitted to the bogies 2. The center sills 12 extend in
the car longitudinal direction. Each of the center sills 12 is arranged between the end beam 11
and the bolster beam 13 and connected to the end beam 11 and the bolster beam 13.

[0014] The cross beams 14 are members extending in the car width direction and
connecting the side sills 10 to each other and are arranged between the bolster beams 13 adjacent
to each other in the car longitudinal direction. As one example, each of the cross beams 14 has
a C-shaped section when viewed from the car width direction (see Fig. 6). The cross beam 14
includes: an upper plate portion 14a extending in the horizontal direction; a lower plate portion
14¢ extending in the horizontal direction and located under and spaced apart from the upper plate
portion 14a; a side plate portion 14b connected to one car longitudinal direction end of the upper
plate portion 14a and one car longitudinal direction end of the lower plate portion 14c. Inthe
railcar 1, a large number of cross beams 14 are arranged at intervals in the car longitudinal
direction. With this, a plurality of spaces S1 each surrounded by a pair of side sills 10 and a

pair of adjacent cross beams 14 are lined up in the car longitudinal direction.
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[0015] Each of the floor pans 15 extends in the car width direction, is arranged in the space
S1, and is fixed to a pair of side sills 10 and a pair of cross beams 14.  As one example, among
the plurality of spaces S1, the floor pans 15 are arranged in the spaces S1 spaced apart from each
of the bolster beams 13 inward in the car longitudinal direction by one or more spaces S1.  To
be specific, the floor pan 15 is not arranged in the space S1 that is nearest to each of the bolster
beams 13. With this, a plurality of floor pans 15 are arranged in the respective spaces S1 in the
car longitudinal direction around a middle portion of the railcar 1.

[0016] The floor pan 15 has a bathtub shape including a bottom wall portion 15a, side wall
portions 15b, and a flange portion 15¢. The bottom wall portion 15a is located lower than an
upper surface 14al of the upper plate portion 14a of the cross beam 14 and the upper surface 18a
of the third plate member 18 of the side sill 10. The bottom wall portion 15a has a rectangular
contour in plan view and includes long sides extending in the car width direction and short sides
extending in the car longitudinal direction. Further, the bottom wall portion 15a includes: a
plurality of mountain portions 15al arranged at intervals; and a continuous flat portion 15a2
surrounding the mountain portions 15al. The mountain portions 15al are swelling portions
swelling in the vertical direction (herein, upward in the vertical direction).

[0017] As shown in Fig. 4, each of the mountain portions 15al includes: a base portion
15a3 extending in the car longitudinal direction; and end portions 15a4 formed at both respective
longitudinal direction ends of the base portion 15a3. In the bottom wall portion 15a, the
mountain portions 15al are arranged at intervals and lined up in the car width direction. When
viewed from the vertical direction, a contour shape of the end portion 1524 is a curved shape that
is convex outward in the car longitudinal direction (car forward/rearward direction), and
specifically, is a circular-arc shape. As shown in Fig. 5, when viewed from the car longitudinal
direction, the contour shape of the mountain portion 15al is a curved shape that is convex
upward, and specifically, is a circular-arc shape. The mountain portions 15al are formed in a
gentle corrugated shape such that the flat portion 15a2 is located among the mountain portions
15al. Asshown in Fig. 6, when viewed from the car width direction, the contour shape of the
mountain portions 15al is constituted by a linear portion 15a5 and a pair of curved portions 15a6.
The linear portion 15a5 is spaced apart from the flat portion 15a2 and extends in the car
longitudinal direction. Each of the curved portions 15a6 is curvedly connected to a
corresponding one of both car longitudinal direction end portions of the linear portion 15a5 and
the flat portion 15a2. When viewed from the car width direction, the curved portion 15a6 has a
curved shape that is convex upward, and specifically, has a circular-arc shape. As above, when

viewed from the car longitudinal direction and the car width direction, the mountain portion 15al
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does not have any corner portions. Further, when viewed from above in the vertical direction,
the base portion 15a3 and end portion 15a4 of the mountain portion 15al are connected to each
other at a gentle angle. Therefore, local stress concentration on the mountain portions 15al is
avoided.

[0018] A swelling height h1 of the mountain portion 15al in the vertical direction is set to
be a height lower than the side wall portions 15b.  As four side wall portions 15b surrounding
the bottom wall portion 15a, side wall portions 15b1 located close to the cross beams 14 are
lower than side wall portions 15b2 located close to the side sills 10.  As one example, the
swelling height hl of the mountain portion 15al is set to a value that is not less than 10% and not
more than 50% of a height h2 of the side wall portion 15b1 located close to the cross beam 14.
By setting the swelling height h1 as above, a wide interval between the floor panel 30 and the
linear portion 15a5 of the mountain portions 15al in the vertical direction is secured to some
extent. Thus, heat transfer from the mountain portions 15al to the floor panel 30 is suppressed.
[0019] As one example, a width D1 of the mountain portion 15al in the car width direction
is set to be larger than an interval D2 between the mountain portions 15al in the car width
direction. More specifically, the width D1 is set to a value that is not less than three times and
not more than 15 times the interval D2. By setting the width D1 as above, buckling of the flat
portion 15a2 by application of a load can be prevented. Further, a length L1 of the mountain
portion 15al in the car longitudinal direction is shorter than a length L2 of the bottom wall
portion 15a in the car longitudinal direction. As one example, the length L1 is set to a value
that is not less than 70% and not more than 95% of the length L2. By setting the length L1 as
above, an interval between the mountain portion 15al and the side wall portion 15b is secured.
Thus, as described below, the floor pan 15 can be easily produced by press working.

[0020] The flat portion 15a2 is formed so as to surround the mountain portions 15al. In
other words, the mountain portions 15al adjacent to each other in the car width direction are
separated from each other by the flat portion 15a2, and all the mountain portions 15al are
separated from the side wall portions 15b by the flat portion 15a2. When the bottom wall
portion 15a is viewed from the vertical direction, as one example, an apparent total area of the
mountain portions 15al is set to be larger than an apparent total area of the flat portion 15a2.
The “apparent area” herein denotes a projected area when the bottom wall portion 15a is viewed
from the vertical direction in plan view.

[0021] The side wall portions 15b surround a peripheral edge of the bottom wall portion 15a
and extend upward from the peripheral edge of the bottom wall portion 15a. The flange portion

15¢ is connected to upper ends of the side wall portions 15b.  The flange portion 15¢ includes:
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long side portions 15c1 extending in the car width direction; and short side portions 15¢2
extending in the car longitudinal direction. Each of the long side portions 15c¢1 is fixed to the
upper surface 14al of the upper plate portion 14a of the cross beam 14. Each of the short side
portions 15¢2 is fixed to an upper surface 19al of the flange portion 19a of the supporting
member 19. With this, the short side portion 15¢2 is arranged at a position higher than the long
side portion 15c¢l.

[0022] The floor pan 15 is integrally formed by subjecting a metal (stainless steel, for
example) plate member to press working. A thickness of the floor pan 15 is smaller than any of
thicknesses of the first plate member 16, second plate member 17, and third plate member 18 of
the side sill 10 and also smaller than a thickness of the cross beam 14.  From the viewpoint of
processability of the floor pan 15, securement of the structural strength of the floor pan 15, and
suppression of the increase in weight of the floor pan 15, the thickness of the floor pan 15 is
desirably not less than 0.6 mm and not more than 1.2 mm, more desirably not less than 0.9 mm
and not more than 1.0 mm.

[0023] On the upper surface 14al of the upper plate portion 14a of the cross beam 14, an
end portion 15¢3 of the long side portion 15c1 of the floor pan 15 is spaced apart from and
opposes another end portion 15c3 of the long side portion 15¢c1 of the adjacent floor pan 15 (see
Fig. 6). The long side portion 15c1 of the flange portion 15c¢ is fixed to the upper plate portion
14a of the cross beam 14 by spot welding. The short side portion 15¢2 of the flange portion
15c¢ is fixed to the flange portion 19a of the supporting member 19 by spot welding.

[0024] Heat insulating materials (not shown) are arranged between the floor pan 15 and the
floor panel 30 and around the supporting member 19. A plurality of underfloor devices (for
example, high voltage devices, such as a main transformer and a main converter), not shown,
fixed to the carbody 7 are arranged under the floor pans 15.

[0025] As explained above, the mountain portions 15al extending in the car longitudinal
direction and lined up in the car width direction and the flat portion 15a2 surrounding the
mountain portions 15al are formed on the bottom wall portion 15a of the floor pan 15.
Therefore, even when external force is applied to the floor pan 15 in any of the vertical direction,
the car longitudinal direction, and the car width direction, the floor pan 15 hardly deforms.

With this, the floor pan 15 serves as a strength member configured to bear a compressive load
and shearing load applied from the pair of side sills 10 or the cross beams 14. To be specific, a
frame structure of the underframe 3 including the pair of side sills 10 and the plurality of cross
beams 14 in the carbody 7 is reinforced by the plurality of floor pans 15. With this, the carbody

7 can be reinforced by a simple configuration, and the structural strength of the carbody 7 can be
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increased. Further, the floor pans 15 strongly couple the pair of side sills 10 to each other.
Therefore, it is possible to increase the strength with respect to lateral buckling of the
underframe 3 and buckling of each side sill 10 by the compressive load applied to a car end.

On this account, for the purpose of increasing the strength of the underframe 3, it is unnecessary
to increase the thicknesses of the side sills 10 and the cross beams 14 and also unnecessary to
increase the number of reinforcing members reinforcing the underframe 3. Thus, the increase
in weight of the carbody 7 can be suppressed.

[0026] Specifically, even when the compressive load in the car longitudinal direction is
applied to the car end of the carbody 7, the deformation of the floor pans 15 is prevented by the
mountain portions 15al extending in the car longitudinal direction against the compressive load.
Thus, the carbody 7 is reinforced so as to be able to bear the compressive load. Further, even
when a torsional load is applied to the carbody 7 during traveling, during jack-up for
maintenance, during lift-up by a crane, or the like, and as a result, the shearing load is applied to
the underframe 3, the deformation of the floor pans 15 is prevented by the mountain portions
15al and the flat portion 15a2 against the shearing load. Thus, the carbody 7 is reinforced so as
to be able to bear the torsional load.

[0027] The contour shape of the mountain portions 15al when viewed from the car
longitudinal direction is the curved shape. Therefore, even when a load is applied to the
carbody 7 in the car width direction, local stress concentration on the mountain portions 15al is
prevented. Further, when viewed from the car width direction, the linear portion 15a5 of the
mountain portion 15al and the pair of curved portions 15a6 of the mountain portion 15al are
curvedly connected to one another. Therefore, even when a load is applied to the carbody 7 in
the car longitudinal direction, local stress concentration on each portion where the linear portion
15a5 of the mountain portion 15al and the curved portion 15a6 of the mountain portion 15al are
connected to each other is prevented. Further, when viewed from the vertical direction, the
base portion 15a3 of the mountain portion 15al and the pair of the end portion 15a4 of the
mountain portion 15al are connected to one another at a gentle angle. Therefore, even when a
load is applied to the carbody 7 in any of the car longitudinal direction and the car width
direction, local stress concentration on each portion where the base portion 15a3 of the mountain
portion 15al and the end portion 15a4 of the mountain portion 15al are connected to each other
is prevented. As above, damages and deformation of the floor pans 15 by the local stress
concentration can be appropriately prevented.

[0028] Further, the mountain portions 15al and the flat portion 15a2 are formed on the

bottom wall portion 15a of the floor pan, and the bottom wall portion 15a is located lower than
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the upper surface 14al of the upper plate portion 14a of the cross beam 14 and the upper surface
18a of the third plate member 18 of the side sill 10. Therefore, even when a load is applied to
the flange portion 15¢ from outside, the load is hardly transmitted to the bottom wall portion 15a.
On this account, the damages of the floor pan 15 can be appropriately prevented.

[0029] Further, when the bottom wall portion 15a is viewed from the vertical direction, the
apparent total area of the mountain portions 15al is set to be larger than the apparent total area of
the flat portion 15a2. Therefore, buckling strength of the flat portion 15a2 can be increased,
and the function of the floor pan 15 as the strength member can be improved without increasing
the thickness of the floor pan 15.

[0030] Further, in the railcar 1, the floor pans 15 are arranged in the spaces S1 spaced apart
from each of the bolster beams 13 inward in the car longitudinal direction by one or more spaces
S1. Main purposes for this are to: prevent an excessive compressive load from being directly
applied to the floor pan 15 from the bolster beam 13; and secure a space above the bogie 2 (i.e.,
prevent the bogie 2 and the floor pan 15 from interfering with each other). As aresult, while
reducing the number of floor pans 15 and suppressing the increase in weight, the car longitudinal
direction middle portion of the carbody 7 can be intensively reinforced, and therefore, the
structural strength of the railcar bodyshell can be effectively improved.

[0031] Further, since the strength of the underframe 3 is improved, the height of the cross
beam 14 can be reduced. Therefore, for example, by lowering the position of the upper surface
14al of the cross beam 14 while maintaining the position of the floor panel 30 in the vertical
direction, a wide space between the cross beam 14 and the floor panel 30 can be secured, and
therefore, heat insulation performance can be improved.

[0032] Fig. 7 is a partially sectional view of the repaired floor pan 15 when viewed from the
car longitudinal direction. As shown in Fig. 7, the flat portion 15a2 is formed on the bottom
wall portion 15a of the floor pan 15. Therefore, for example, even if a hole H is formed on the
bottom wall portion 15a of the floor pan 15 by a flying stone, or the bottom wall portion 15a
deforms, the floor pan 15 can be quickly repaired in such a manner that: a flat reinforcing plate
20 is stacked on lower portions 15a7 and 15a8 of the flat portion 15a2, located at both car width
direction sides of one mountain portion 15al, so as to cover a damaged region of the bottom wall
portion 15a; and the flat reinforcing plate 20 is attached to and fixed to the lower portions 15a7
and 15a8 by spot welding, plug welding, rivets, or the like. Further, since a hollow structure is
formed by attaching the mountain portion 15al and the reinforcing plate 20 to each other, the
floor pan 15 can be reinforced.

[0033] Fig. 8 is a partially sectional view of the floor pan 15 on which an opening 15d is
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formed, when viewed from the car longitudinal direction. By attaching and fixing the flat
reinforcing plate 20 to the lower portions 15a7 and 15a8, a large flat portion 21 is formed under
the mountain portion 15al. Therefore, for example, the flat portion 21 can be utilized such that:
an opening 20a is formed on the reinforcing plate 20 so as to be located under the mountain
portion 15al of the floor pan 15; a through pipe 22 having a tube axis extending in the vertical
direction is inserted into the opening 20a; and the through pipe 22 is fixed to an upper surface of
the reinforcing plate 20 at a peripheral edge of the opening 20a by welding or the like. Then, a
cable 23 can be inserted from the through pipe 22 through the opening 15d, formed on the
mountain portion 15al to have a necessary minimum size, to reach a position above the floor pan
15.  With this, while forming the necessary opening 20a on the reinforcing plate 20, the
peripheral edge of the opening 20a can be reinforced by the through pipe 22. Thus, the degree
of freedom of the design of the railcar 1 can be increased. Further, since the hollow structure is
formed by attaching the mountain portion 15al and the reinforcing plate 20 to each other, the
cable 23 can be protected from a flying stone and the like.

[0034] The present invention is not limited to the above embodiment, and modifications,
additions, and eliminations of the components thereof may be made within the scope of the
present invention. In the above embodiment, the floor pan 15 is the strength member
configured to bear the compressive load and shearing load applied from the underframe 3.
However, the floor pan 15 may be a strength member configured to bear at least one of the
compressive load and shearing load applied from the underframe 3.

[0035] In the above embodiment, the swelling portions (mountain portions 15al) formed on
the bottom wall portion 15a of the floor pan 15 swell upward in the vertical direction. However,
the swelling portions may swell downward in the vertical direction. Further, swelling portions
(mountain portions 15al) swelling upward in the vertical direction and swelling portions (valley
portions) swelling downward in the vertical direction may be formed on the bottom wall portion
15a of the floor pan 15.

[0036] Each of the contour shape of the mountain portion 15al when viewed from the car
longitudinal direction, the contour shape of the curved portion 15a6 of the mountain portion 15al
when viewed from the car width direction, and the contour shape of the end portion 15a4 when
viewed from the vertical direction is not limited to a shape constituted by a single curvature and
may be a shape constituted by a plurality of curvatures.

[0037] The heat insulating materials do not necessarily have to be provided between the
floor pan 15 and the floor panel 30 and around the supporting member 19. Air layers may be

provided between the floor pan 15 and the floor panel 30 and around the supporting member 19.
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[0038] A method of welding the floor pan 15 to the side sills 10 and the cross beams 14 is

not limited to the spot welding and may be other welding such as laser welding. The long side

portions 15¢c1 of the floor pans 15 located adjacent to each other in the car longitudinal direction

may partially overlap each other.

Reference Signs List

[0039] 1
2
3
10
13
14
14al
15
15a
15al
15a2
15a4
15a5
15a6
15b
15¢
18a

railcar
bogie

underframe

side sill
bolster beam
cross beam
upper surface of cross beam (upper surface of upper plate portion)
floor pan
bottom wall portion
mountain portion (swelling portion)
flat portion
end portion
linear portion
curved portion
side wall portion
flange portion

upper surface of third plate member (upper surface of side sill)
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CLAIMS
l. A railcar comprising:
an underframe including
a pair of side sills and
a plurality of cross beams each connected to the pair of side sills, the cross
beams being arranged at intervals in a car longitudinal direction; and
a floor pan arranged in a space surrounded by the pair of side sills and a pair of
adjacent cross beams among the plurality of cross beams, the floor pan being fixed to the
underframe,
the floor pan being configured as a strength member configured to bear at least one

of a compressive load and shearing load applied from the underframe.

2. The railcar according to claim 1, wherein a bottom wall portion of the floor pan
includes:
at least one swelling portion swelling in a vertical direction; and

a flat portion surrounding the at least one swelling portion.

3. The railcar according to claim 2, wherein when viewed from the car longitudinal

direction, a contour shape of the at least one swelling portion is a curved shape.

4. The railcar according to claim 2 or 3, wherein when viewed from a car width
direction, a contour shape of the at least one swelling portion is a shape constituted by: a linear
portion spaced apart from the flat portion and extending in the car longitudinal direction; and a
pair of curved portions each curvedly connected to a corresponding one of both car longitudinal

direction end portions of the linear portion and the flat portion.

5. The railcar according to any one of claims 2 to 4, wherein when viewed from the
vertical direction, each of contour shapes of both car longitudinal direction end portions of the at

least one swelling portion is a curved shape.

6. The railcar according to any one of claims 2 to 5, wherein when viewed from the
vertical direction, an apparent total area of the at least one swelling portion is larger than an

apparent total area of the flat portion.
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7. The railcar according to any one of claims 2 to 6, wherein the at least one swelling
portion comprises a plurality of swelling portions arranged on the bottom wall portion of the

floor pan and lined up in a car width direction.

8. The railcar according to claim 7, wherein the at least one swelling portion comprises
a plurality of swelling portions extending in the car longitudinal direction on the bottom wall

portion of the floor pan.

9. The railcar according to any one of claims 1 to 8, wherein:
the floor pan includes
side wall portions extending upward from a peripheral edge of a bottom wall
portion of the floor pan and
a flange portion connected to upper ends of the side wall portions and fixed to
the underframe; and
the bottom wall portion of the floor pan is located lower than upper surfaces of the

cross beams and upper surfaces of the side sills.

10. The railcar according to any one of claims 1 to 9, wherein:

the underframe further includes a pair of bolster beams supported by a pair of
bogies;

the plurality of cross beams are arranged between the pair of bolster beams;

the space is one of a plurality of spaces provided at the underframe and lined up in
the car longitudinal direction, each of the spaces being surrounded by the pair of side sills and
a pair of cross beams among the plurality of cross beams; and

among the plurality of spaces, the floor pan is arranged in a space spaced apart from

each of the bolster beams inward in the car longitudinal direction by one or more spaces.



