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DESCRIPTION
Titlé of Invention: RAILCAR COLLISION ENERGY ABSORBING DEVICE AND
RAILCAR
Technical Field

[0001] The present invention relates to a railcar collision energy absorbing device and a

railcar including the railcar collision energy absorbing device.

Background Art
[0002] Collision energy absorbing devices have been used in railcars. For example, PTL 1

discloses a railcar collision energy absorbing device in which an energy absorbing element is
covered with a cover member, the energy absorbing element being crushed in collision.

[0003] The cover member of the collision energy absorbing device disclosed in PTL 1
prevents a slight shock from being applied to the energy absorbing element. The cover member
breaks in the collision to cause the energy absorbing element to function. Specifically, the
cover member has a box shape which opens toward a supporting plate so as to cover the energy
absorbing element from a tip end of the energy absorbing element, the energy absorbing element
projecting from the supporting plate toward a front side. A slit extending in a
leftward/rightward direction is provided at a center of a front wall of the cover member.  Slits
extending in a forward/rearward direction are provided on both respective side walls of the cover
member. In the collision, the cover member breaks along the slits to be divided into upper and

lower parts in a V shape toward the supporting plate.

Citation List
Patent Literature
[0004] PTL 1: Japanese Patent No. 4943905

Summary of Invention

Technical Problem
[0005] The cover member of the collision energy absorbing device disclosed in PTL 1 has

strength durable against the slight shock. Therefore, a certain amount of load is necessary to
break the cover member. However, in the case of using the cover member having relatively
high strength, an influence of the cover member on a load-stroke characteristic is large, and a
design of how to absorb the collision energy is difficult. In addition, if the cover member itself

breaks, electric wires around the cover member may break, or peripheral devices may be
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damaged. Therefore, a space needs to be secured around the collision energy absorbing device.
[0006] An object of the present invention is to provide a collision energy absorbing device
which facilitates the design of how to absorb the collision energy and does not require the space
around the collision energy absorbing device, and a railcar including the collision energy

absorbing device.

Solution to Problem

[0007] To solve the above problems, a railcar collision energy absorbing device of the
present invention includes: an energy absorbing element crushed in collision; and a casing
extending in a car longitudinal direction so as to accommodate the energy absorbing element, the
casing including one end supported by a main structure of a railcar, the casing being constituted
by a plurality of tubular bodies, the casing being configured to telescopically contract in the
collision by breaking of a coupling portion between the tubular bodies, and overlapping portions
of the tubular bodies being coupled to each other.

[0008] According to the above configuration, the energy absorbing element can be caused
to function only by breaking the coupling portion between the tubular bodies of the casing.
Therefore, the design of how to absorb the collision energy is easy. Since the casing
telescopically contracts by the break of the coupling portion between the tubular bodies, it is
unnecessary to secure a space around the collision energy absorbing device. In addition, since
the crushed energy absorbing element is held in the casing contracted telescopically, broken
pieces of the energy absorbing element can be prevented from scattering.

[0009] A railcar of the present invention includes the above railcar collision energy

absorbing device.

Advantageous Effects of Invention

[0010] The present invention can provide the collision energy absorbing device which
facilitates the design of how to absorb the collision energy and does not require the space around

the collision energy absorbing device.

Brief Description of Drawings
[0011] Fig. 1A is a longitudinal sectional view of a railcar collision energy absorbing device

of a first embodiment, and Fig. 1B is a cross sectional view taken along line I-I of Fig. 1A.
Fig. 2A is a front view of a railcar including the railcar collision energy absorbing

device of the first embodiment, and Fig. 2B is a side view of a head portion of the railcar.
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Fig. 3 is a diagram for explaining the configuration of a roll member.

Fig. 4 is a longitudinal sectional view of the collision energy absorbing device
deformed by collision.

Fig. 5 is a graph showing a load-stroke characteristic of the railcar collision energy
absorbing device of the first embodiment.

Figs. 6A and 6B are diagrams each showing a modification example of a position of
the collision energy absorbing device.

Fig. 7 is a longitudinal sectional view of the railcar collision energy absorbing device
of a second embodiment.

Fig. 8A is a longitudinal sectional view of the railcar collision energy absorbing
device of a third embodiment, and Fig. 8B is a rear view of the collision energy absorbing
device.

Fig. 9 is a longitudinal sectional view of the railcar collision energy absorbing device

from which a base plate is omitted.

Description of Embodiments
[0012] First Embodiment
Figs. 1A and 1B show a railcar collision energy absorbing device 1A of the first

embodiment, and Figs. 2A and 2B show a railcar 10 including the collision energy absorbing
device 1A.

[0013] The railcar 10 shown in Figs. 2A and 2B is a head car. A pair of collision energy
absorbing devices 1A are arranged at a lower portion of a front surface of a main structure 11 of
the railcar 10 so as to be spaced apart from each other with a coupler 13 interposed between the
collision energy absorbing devices 1A. More specifically, the main structure 11 includes an
underframe, side bodyshells, end bodyshells, and a roof bodyshell, and the collision energy
absorbing devices 1A project toward a front side (outer side in a car longitudinal direction) from
both respective end portions of a front surface of the underframe. The collision energy
absorbing device 1A may be covered with an exterior 12 of the railcar 10 or may project from
the exterior 12.

[0014] It should be noted that the railcar 10 including the collision energy absorbing devices
1A does not have to be the head car. For example, as shown in Fig. 6A, the railcar 10 including
the collision energy absorbing devices 1 A may be a middle car. In this case, two collision
energy absorbing devices 1A may be arranged at both respective end portions of the front surface

of the underframe (i.e., respective positions A shown in Fig. 6A). The collision energy
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absorbing devices 1A may be arranged such that: two collision energy absorbing devices 1A are
located at both respective sides of an intermediate height position of the end bodyshell (i.e.,
respective positions B shown in Fig. 6A); one collision energy absorbing device 1A is located
above a door provided at a center of the end bodyshell (i.e., a position C shown in Fig. 6A); and
two collision energy absorbing devices 1A are located under both respective end portions of the
underframe (i.e., respective positions D shown in Fig. 6A). In a case where the collision energy
absorbing device 1A is arranged under the underframe, a described-below base plate 2 may be
attached to the underframe through a bracket (not shown).

[0015] As shown in Fig. 6B, the collision energy absorbing device 1A may be arranged at a
rear side (inner side in the car longitudinal direction) of the coupler 13 of the railcar 10 (The
railcar 10 may be the head car or the middle car.). In this case, the below-described base plate 2
may be attached to the underframe through the bracket (not shown).

[0016] Referring again to Figs. 1A and 1B, the collision energy absorbing device 1A
includes: an energy absorbing element 4 crushed in the collision; and the base plate 2 and a top
plate 3 which sandwich the energy absorbing element 4. The collision energy absorbing device
1 A further includes a casing S provided between the base plate 2 and the top plate 3 to
accommodate the energy absorbing element 4.

[0017] The base plate 2 is a plate which is attached to the main structure 11 of the railcar 10
and is flattened in a forward/rearward direction (car longitudinal direction). The top plate 3 is a
plate which is flattened in the forward/rearward direction and opposes to the base plate 2 such
that the top plate 3 and the base plate 2 sandwich the energy absorbing element 4. In the
present embodiment, the base plate 2 has a rectangular shape, and the top plate 3 has a
rectangular shape that is the same in size as the rectangular shape of the base plate 2. However,
the size and shape of the base plate 2 may be different from the size and shape of the top plate 3.
For example, one or both of the base plate 2 and the top plate 3 may have a circular shape or an
oval shape.

[0018] The energy absorbing element 4 may have any structure as long as the energy
absorbing element 4 can absorb collision energy by buckling. For example, the energy
absorbing element 4 may be a tube made of carbon fiber reinforced plastic (CFRP). In the
present embodiment, the energy absorbing element 4 is a roll member formed by rolling up a
metal hollow sheet 45 shown in Fig. 3. Specifically, as shown in Figs. 1A and 1B, the hollow
sheet 45 is rolled up around a central axis 40 extending in the car longitudinal direction that is a
direction connecting the top plate 3 and the base plate 2.  To be specific, the energy absorbing

element 4 has a columnar shape extending in the car longitudinal direction. However, in a case
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where a member other than the roll member is used as the energy absorbing element 4, the
energy absorbing element 4 may be, for example, a polygonal column having a square cross
section or an octagonal cross section or may be a cylinder, a cone, a pyramid, or the like. The
energy absorbing element 4 may be a solid member made of foamed resin. In this case, various
shapes are adoptable as the shape of the energy absorbing element 4 (for example, a cube).
[0019] The hollow sheet 45 has such a structure that a flat plate 41 and a corrugated plate 42
are stacked on each other. The flat plate 41 and the corrugated plate 42 are, for example, thin
plates made of aluminum. A wave shape of the corrugated plate 42 may be a trapezoidal shape,
a pulse shape, or a smooth curve shape.

[0020] The roll member that is the energy absorbing element 4 includes a through hole 4a
which is located at a center of the roll member and extends in the forward/rearward direction
(axial direction of the roll member). The top plate 3 is provided with a guide 31 fitted in the
through hole 4a, and the base plate 2 is provided with a guide 21 fitted in the through hole 4a.

In the present embodiment, the guide 31 is a pipe extending in the forward/rearward direction
and is inserted into a hole of the top plate 3 and fixed to the top plate 3 by, for example, welding,
and the guide 21 is a pipe extending in the forward/rearward direction and is inserted into a hole
of the base plate 2 and fixed to the base plate 2 by, for example, welding.

[0021] It should be noted that the top plate 3 does not have to have the hole into which the
guide 31 is inserted, and the base plate 2 does not have to have the hole into which the guide 21
is inserted. For example, each of the guides 21 and 31 may be a solid column. In this case,
the guide 21 may be contacted to one of main surfaces of the base plate 2 and fixed to the base
plate 2 by a bolt penetrating the base plate 2, and the guide 31 may be contacted to one of main
surfaces of the top plate 3 and fixed to the top plate 3 by a bolt penetrating the top plate 3.
[0022] Further, in the present embodiment, both end surfaces of the roll member that is the
energy absorbing element 4 are attached to the base plate 2 and the top plate 3 by an adhesive.
[0023] The casing 5 accommodating the energy absorbing element 4 extends in the
forward/rearward direction, and both ends of the casing 5 are fixed to the base plate 2 and the top
plate 3. To be specific, one end of the casing 5 is supported by the main structure 11 of the
railcar 10 through the base plate 2.

[0024] More specifically, the casing S is constituted by a plurality of (three in the illustrated
example) tubular bodies 51 each of whose axial direction corresponds to the forward/rearward
direction. In the present embodiment, the cross-sectional shape of each tubular body 51 is a
rectangular shape. However, the cross-sectional shape of each tubular body 51 may be a

polygonal shape such as a hexagon or an octagon, or a circular shape.
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[0025] In the present embodiment, the sizes of the tubular bodies 51 gradually increase
toward the base plate 2 such that end portions of the adjacent tubular bodies 51 overlap each
other. Then, these overlapping portions of the tubular bodies 51 are coupled to each other by
rivets 52. However, contrary to the present embodiment, the sizes of the tubular bodies 51 may
increase toward the top plate 3. The overlapping portions of the tubular bodies 51 do not have
to be coupled to each other by the rivets 52 and may be coupled to each other by, for example,
spot welding or bolts and nuts.

[0026] Each of the tubular bodies 51 located at both ends of the casing 5 includes a flange
53 and is fixed to the base plate 2 or the top plate 3 by the flange 53. The size of the smallest
tubular body 51 fixed to the top plate 3 is set such that a space is secured between the smallest
tubular body 51 and the energy absorbing element 4, the space being set so as to be able to
accommodate the energy absorbing element 4 even if the energy absorbing element 4 is crushed
by the collision to expand in a radial direction. It is desirable that a gap between the tubular
bodies 51, a gap between the base plate 2 and the tubular body 51 located at one end, and a gap
between the top plate 3 and the tubular body 51 located at the other end are sealed by sealing
members for preventing intrusion of rain water.

[0027] Strength of the rivet 52 that is a coupling portion between the tubular bodies 51 is set
such that the rivet 52 breaks in the collision of the railcar 10. Therefore, in the collision, the
rivets 52 break, and the casing 5 telescopically contracts as shown in Fig. 4.

[0028] As above, in the present embodiment, the energy absorbing element 4 can be caused
to function only by breaking the rivets 52 (coupling portions each between the tubular bodies 51).
Therefore, the design of how to absorb the collision energy is easy. In other words, after the
rivets 52 break, the collision energy can be absorbed mainly by the energy absorbing element 4.
Since the casing S telescopically contracts by the break of the rivets 52, it is unnecessary to
secure a space around the collision energy absorbing device 1A. In addition, since the crushed
energy absorbing element 4 is held in the casing 5 contracted telescopically, broken pieces of the
energy absorbing element 4 can be prevented from scattering. _

[0029] Fig. 5 is a graph showing a load-stroke characteristic of the collision energy
absorbing device 1A of the present embodiment. In Fig. 5, the load-stroke characteristic of the
energy absorbing element 4 is shown by a broken line.

[0030] In the present embodiment, since the energy absorbing element 4 is the roll member
formed by rolling up the hollow sheet 45, the energy absorbing element 4 is crushed by a
substantially constant load as shown by the broken line in Fig. 5. With this, it is possible to

suppress a change in inertial force acting on occupants (passengers and crews), the change being
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caused by a change in deceleration in the collision.
[0031] In the present embodiment, the energy absorbing element 4 is crushed in advance by
a predetermined amount. The “predetermined amount” may be slight and is, for example, not
more than one tenth of a length of the energy absorbing element 4 before the crush (at the time of
manufacture). If the energy absorbing element 4 is not crushed in advance, an initial load by
which the energy absorbing element 4 starts being crushed in the collision becomes high. In
contrast, in a case where the energy absorbing element 4 is crushed in advance as in the present
embodiment, the initial load can be prevented from becoming high. Even in a case where the
energy absorbing element 4 is not made of metal, effects obtained by crushing the energy
absorbing element 4 in advance can be obtained similarly.
[0032] The energy absorbing element 4 crushed in advance looks bad and easily corrodes.
However, since the energy absorbing element 4 crushed in advance is surrounded by the casing 5,
the appearance can be improved, and the corrosion of the energy absorbing element 4 can be
prevented.
[0033] Further, in the present embodiment, since the guides 21 and 31 fitted in the through
hole 4a of the roll member that is the energy absorbing element 4 are provided at the base plate 2
and the top plate 3, respectively, the roll member can be held by the simple configuration.
[0034] In the present embodiment, since both end surfaces of the roll member are attached
to the base plate 2 and the top plate 3 by the adhesive, the end surfaces of the roll member
including a large number of openings can be easily fixed. In addition, since the energy
absorbing element 4 is accommodated in the casing 5, the adhesive can be prevented from
deteriorating. Even if adhesive force of the adhesive decreases, the energy absorbing element 4
can be kept on being sandwiched between the base plate 2 and the top plate 3 by the guide 21 of
the base plate 2 and the guide 31 of the top plate 3. To be specific, a structure which excels in
durability at the time of normal traveling can be realized.
[0035]. Second Embodiment

Next, a railcar collision energy absorbing device 1B of the second embodiment will
be explained in reference to Fig. 7. In the present embodiment and the third embodiment
described below, the same reference signs are used for the same components as in the first
embodiment, and a repetition of the same explanation is avoided.
[0036] In the present embodiment, two energy absorbing elements 4 are arranged between
the base plate 2 and the top plate 3 so as to be lined up in the forward/rearward direction, and
two casings 5 are arranged between the base plate 2 and the top plate 3 so as to be lined up in the

forward/rearward direction. Specifically, an intermediate plate 7 is arranged between the base
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plate 2 and the top plate 3. The two energy absorbing elements 4 are sandwiched between the
base plate 2 and the top plate 3 while sandwiching the intermediate plate 7. To be specific, the
collision energy absorbing device 1B of the present embodiment is configured such that: the
collision energy absorbing devices 1A of the first embodiment are lined up in the
forward/rearward direction; and the intermediate plate 7 serves as both the base plate 2 for the
collision energy absorbing device 1A located at a front side and the top plate 3 for the collision
energy absorbing device 1B located at a rear side.
[0037] In the present embodiment, each of the energy absorbing elements 4 is the roll
member including the through hole 4a located at the center of the roll member. The
intermediate plate 7 is provided with a guide 71 fitted in the through holes 4a of the energy
absorbing elements 4, the guide 71 penetrating the intermediate plate 7. A rear end surface of
the energy absorbing element 4 located at the front side and a front end surface of the energy
absorbing element 4 located at the rear side are attached to the intermediate plate 7 by the
adhesive.
[0038] The present embodiment configured as above can obtain the same effects as the first
embodiment. Further, according to the present embodiment, the energy absorbing elements 4
can be arranged in series by the simple configuration. With this, the present embodiment can
absorb higher collision energy than conventional cases.
[0039] Third Embodiment

Next, a railcar collision energy absorbing device 1C of the third embodiment will be
explained in reference to Figs. 8A and 8B. In the present embodiment, the energy absorbing
element 4 is the roll member including the through hole 4a located at the center of the roll
member. The energy absorbing element 4 is tied to the top plate 3 and the base plate 2 by wires
6 inserted into the through hole 4a.
[0040] In the present embodiment, two wire insertion holes 32 are formed on the top plate 3
at positions corresponding to an upper top portion and lower top portion of the energy absorbing
element 4. Similarly, two wire insertion holes 23 are formed on the base plate 2 at positions
corresponding to an upper top portion and lower top portion of the energy absorbing element 4.
Further, each of two grooves 22 is formed on a rear main surface of the base plate 2 so as to
extend from the hole, into which the guide 21 is inserted, to the wire insertion hole 23. Each of
the wires 6 is routed through the wire insertion hole 23, the groove 22, an inside of the guide 21,
the through hole 4a, an inside of the guide 31, and the wire insertion hole 32, and end portions of
the wire 6 are tied to each other on an outer peripheral surface of the energy absorbing element 4.

[0041] However, a method of routing the wire 6 is not limited to this. One example may
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be such that: the wire insertion holes 23 and the grooves 22 are not formed on the base plate 2;
one end of the wire 6 is joined to the guide 21; and the other end of the wire 6 is joined to the
base plate 2 at a position outside the energy absorbing element 4. Another example may be
such that a winding mechanism configured to wind the wire 6 is provided on the base plate 2.
[0042] The present embodiment configured as above can obtain the same effects as the first
embodiment. In the present embodiment, since the energy absorbing element 4 is fixed by the
wires 6, durability at the time of normal traveling can be made higher than a case where the
adhesive is used.
[0043] Other Embodiments

The number of energy absorbing elements 4 accommodated in the casing 5 does not
have to be one and may be plural.
[0044] The casing 5 does not have to be constituted by three tubular bodies 51 and may be
constituted by two tubular bodies 51. When the casing 5 is constituted by three or more tubular
bodies 51, not less than two third of the entire length of the energy absorbing element 4 can be
smoothly crushed.
[0045] Further, the base plate 2 may be omitted. For example, as shown in Fig. 9, one end
of the casing 5 may be directly fixed to the main structure 11 of the railcar 10.

Industrial Applicability

[0046] The railcar collision energy absorbing device of the present invention is useful for

various cars.

Reference Signs List

[0047] 1Ato 1C  collision energy absorbing device
10  railcar
11  main structure
2 Dbase plate

21  guide
3  top plate
31 guide

4  energy absorbing element
4a  through hole
40  central axis

41 flatplate



42
45
5
51
52
6

corrugated plate
hollow sheet
casing
tubular body
rivet (coupling portion)

wire

10
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CLAIMS
1. A railcar collision energy absorbing device comprising:

an energy absorbing element crushed in collision;

a casing extending in a car longitudinal direction so as to accommodate the energy
absorbing element, the casing being constituted by a plurality of tubular bodies, the casing being
configured to telescopically contract in the collision by breaking of a coupling portion between
the tubular bodies, and overlapping portions of the tubular bodies being coupled to each other;

a base plate attached to a main structure of the railcar, one end of the casing being

fixed to the base plate; and
a top plate provided such that the energy absorbing element is sandwiched between

the top plate and the base plate,
an end surface of the energy absorbing element being attached to at least one of the

base plate and the top plate by an adhesive.

2. The railcar collision energy absorbing device according to claim 1, wherein the

plurality of tubular bodies comprise three or more tubular bodies.

3. ' The railcar collision energy absorbing device according to claim 1 or 2, wherein the
energy absorbing element is a roll member formed by rolling up a hollow sheet around a central

axis extending in the car longitudinal direction, the hollow sheet being formed by stacking a flat

plate and a corrugated plate on each other.

4, The railcar collision energy absorbing device according to claim 3, wherein both end

surfaces of the roll member are attached to the base plate and the top plate by an adhesive.

5. The railcar collision energy absorbing device according to claim 3 or 4, wherein:
the roll member includes a through hole located at a center of the roll member;
the base plate includes a guide fitted in the through hole; and
the top plate includes a guide fitted in the through hole.

6. The railcar collision energy absorbing device according to claim 3, wherein:
the roll member includes a through hole located at a center of the roll member; and

the roll member is tied to the top plate and the base plate by a wire inserted into the

through hole.
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7. The railcar collision energy absorbing device according to any one of claims 1 to 6,

wherein the energy absorbing element is crushed in advance by a predetermined amount.

8. A railcar comprising the railcar collision energy absorbing device according to any

one of claims 1 to 7.
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