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(54) Railway vehicle having shock absorbing structures

(57) The invention provides a shock absorbing struc-
ture of a railway vehicle capable of ensuring a doorway
(escape port) region while absorbing collision energy dur-
ing collision. The impact caused when a railway vehicle
experiences collision is transmitted via an end structure
(30) constituting the railway vehicle, a roof structure end
section (42), an underframe end section (52) and a sec-
ond doorway frame (74) to an upper third doorway frame
(76a) and a lower third doorway frame (76b). When the
impact exceeds a predetermined level, the roof structure
end section (42), the underframe end section (52), the

upper doorway frame (76a) and the lower doorway frame
(76b) disposed in the crushable region (200) are crushed
and plastically deformed in the longitudinal direction of
the railway vehicle (1), absorbing the shock during the
process. A width (L1) of the doorway section (60) after
absorbing shock becomes smaller than a width (L0) of
the doorway section (60) prior to absorbing shock, but
the first doorway frame (72,72a,72b), the roof structure
(40) and the underframe (50) disposed in the survival
region (100) are not crushed, so that the doorway width
(L1) can be ensured as an escape port.
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Description

BACKGROUND OF THE INVENTION

Field of the invention

[0001] The present invention relates to railway vehi-
cles having a doorway through which passengers get on
and off the vehicle disposed on longitudinal ends of the
railway vehicle (hereinafter referred to as car ends), and
especially relates to railway vehicles having a doorway
arranged astride a crushable region that will be crushed
during collision to absorb the shock and a survival region
that will not be crushed during collision and maintains its
space.

Description of the related art

[0002] A railway vehicle is formed with high rigidity,
having strength members such as pillars and reinforce-
ment members arranged if necessary to respective sec-
tions of the structure, so that the vehicle can endure, for
example, the weight of passengers and electric devices
such as main circuits disposed therein, the load applied
from rails and couplers when the vehicle is running, and
the pressure difference between the interior and the ex-
terior of the vehicle when the vehicle passes through a
tunnel. The doorway through which passengers get on
and off the vehicle is disposed at an opening section
formed on a structure (side structure) of the railway ve-
hicle, and a doorway frame is disposed on a circumfer-
ence of the opening section so as to ensure the strength
of the opening section. Further, pillars and reinforcement
members are disposed at given portions at the ends of
the railway vehicle to ensure enough strength to endure
the impact caused when cars are connected during re-
assembling operation of a railway vehicle formation.
[0003] In order to prepare against any unexpected col-
lision with an obstacle on a railway that may occur when
the vehicle is running, a railway vehicle may generally
have a crushable region (shock absorbing region) for ab-
sorbing impact (collision energy) by actively plastically
deforming a certain portion of the railway vehicle during
collision, so as to relieve the shock applied to the pas-
sengers and crews. When the railway vehicle having mul-
tiple cars connected together collides against an obstacle
on a railway, a front end of a leading car collides against
the obstacle at first, and then the front ends and rear
ends of the respective cars of the car formation collide
against one another. Thus, the shockabsorbing struc-
tures are disposed at longitudinal ends of the respective
cars.
[0004] Therefore, it is desirable that the shock absorb-
ing structure disposed on the railway vehicle has suffi-
cient strength so as not to be crushed by a small load
(not affecting the passengers and crews) caused for ex-
ample when reassembling and coupling the cars, but
functions as a shock absorbing mechanism absorbing

the impact and the collision energy (hereinafter referred
to as impact) by crushing when a load greater than a
predetermined level is applied. Furthermore, the shock
absorbing structure must function as a shock absorbing
mechanism even if the obstacle of collision (the size or
weight) or the condition of collision (the position of colli-
sion or the speed of collision) vary.
[0005] Further, since railway vehicles must transport
a large number of passengers in a short time, in some
vehicles, the doorways are disposed at the car ends of
the vehicle and the cabins are disposed at the longitudinal
center sections of the cars so as to ensure a large cabin
space. If collision of railway vehicles adopting such ar-
rangement occurs, the doorways disposed on the car
ends may be crushed when the car ends are crushed.
The passengers aboard the railway vehicle having
crushed doorways must move through the connected
cars to reach an escapable doorway or to escape through
windows or escape ports disposed on car body structures
to the exterior of the vehicle, and then to evacuate to a
safe place. However, for smooth evacuation and rescue
operation of passengers, it is desirable that the passen-
gers are capable of escaping through the nearest possi-
ble doorway. Therefore, it is necessary to provide a rail-
way vehicle having a shock absorbing structure, capable
of ensuring the doorways as escape routes while suffi-
ciently absorbing the impact during collision.
[0006] Patent document 1 discloses an example of a
railway vehicle having a shock absorbing structure com-
posed of a rigid member and a rib member functioning
as an energy absorber disposed on the car ends. The
shock absorbing structure of the railway vehicle dis-
closed in patent document 1 is composed of a rigid mem-
ber disposed along the circumferential direction of the
vehicle on the end of the vehicle body, a rib member
disposed along the circumferential direction at a position
rearward from the rigid member, a rib member disposed
along the longitudinal direction of the vehicle body and
connecting both the rigidmember and the rib member,
and an outer panel covering them. The rib member dis-
posed along the longitudinal direction of the vehicle body
is composed of two flanges and a web connecting the
two flanges, wherein the side having the web is welded
to the outer panel by fillet-welding. A notch opened to the
edge of each flange is formed at the center of the longi-
tudinal direction of the rib member. When a collision load
is applied to the end of the car body, the notch is folded
to an opposite side from the outer panel, so that the bend-
ing of the rib member does not cause deformation of the
outer panel, according to which the collision load can be
absorbed.
[Patent document 1] Japanese patent application laid-
open publication No. 2008-62817
[0007] In a railway vehicle having a shock absorbing
structure disposed on the car ends and doorways ar-
ranged at the car ends if the shock absorbing structure
disposed on the car ends can absorb the impact effec-
tively, not only the level of impact applied on the passen-
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gers and crews can be relieved, but also a wide cabin
space can be provided in the longitudinal center section
of the vehicle.
[0008] Therefore, the problem to be solved in a railway
vehicle is to enable the car end structure including a door-
way to function as a shock absorbing mechanism capa-
ble of crushing during collision to absorb sufficient shock,
and to provide sufficient strength to a portion of the door-
way not being crushed by collision so that it can be used
as an escape port.

SUMMARY OF THE INVENTION

[0009] The object of the present invention is to provide
a railway vehicle having doorways disposed on the lon-
gitudinal ends of the railway vehicle, the doorway being
arranged astride a crushable region and a survival re-
gion, having a collision relieving structure capable of re-
lieving shock during collision and to enable a portion of
the doorway not being crushed by collision to be used
as an escape port.
[0010] The above-mentioned object is achieved by
providing a railway vehicle comprising an underframe,
side structures erected on both width-direction ends of
the underframe, end structures erected on longitudinal
ends of the underframe, and a roof structure connected
to upper ends of the side structures and the end struc-
tures, characterized in that a survival region is disposed
at a longitudinal center section of the railway vehicle, and
crushable regions are disposed on longitudinal ends of
the railway vehicle in such a manner as to be connected
continuously to the survival region, and a doorway sec-
tion for the getting on and off is disposed on a longitudinal
end of the side structure so as to be arranged astride the
crushable region and the survival region.
[0011] Further, the above-mentioned object can be
achieved by providing a railway vehicle having a doorway
disposed on a car end of a side structure, wherein both
ends of a car body are formed as crushable regions and
a region between the crushable regions is formed as a
survival region, having a doorway frame disposed around
an opening formed on the side structure defining the
doorway, characterized in that the doorway frame com-
prises a first doorway frame disposed in the survival re-
gion, a second doorway frame disposed in the crushable
region and on a car-end side, and a third doorway frame
connecting the first doorway frame and the second door-
way frame, wherein the third doorway frame is equipped
with a shock absorbing device composed of a movable
member and a fixed member disposed tandemly along
a longitudinal direction of the car body.
[0012] The above object can further be achieved by
providing a railway vehicle comprising an underframe,
side structures erected on both width-direction ends of
the underframe, end structures erected on longitudinal
ends of the underframe, a roof structure connected to
upper ends of the side structures and the end structures,
a doorway section for getting on and off the vehicle dis-

posed on a longitudinal end of the side structure and a
doorway frame disposed on a circumference of the door-
way section, characterized in that a first survival region,
a crushable region and a second survival region are dis-
posed in the named order from a longitudinal end of the
railway vehicle, a longitudinal area of the side structure
from a portion of the doorway frame close to a longitudinal
center section of the side structure to the second survival
region belongs to the crushable region, the side structure
belonging to the crushable region is a panel having one
perpendicular edge thereof connected to a portion of the
doorway frame close to the longitudinal center section of
the side structure, and the other perpendicular edge
thereof connected to the side structure disposed in the
survival region composed of extruded shape members
having two face plates connected via ribs, and when an
impact exceeding a predetermined level is received in
the longitudinal direction of the railway vehicle, the panel
disposed in the crushable region is crushed, and a car
end belonging to the first survival region including the
doorway frame is moved toward the longitudinal center
section of the railway vehicle.
[0013] According to the present invention, even if a
large impact exceeding a predetermined level is applied
along the longitudinal direction of the railway vehicle and
a portion of the doorway belonging to the crushable re-
gion is crushed, the remaining portion of the doorway
belonging to the survival region will not be crushed, en-
suring a width of the doorway as an escape port through
which passengers can evacuate to the exterior. There-
fore, even when collision occurs, the passengers can
evacuate to the exterior of the vehicle through the nearest
doorway.
[0014] Further, by providing on the horizontal portion
of the doorway frame a shock absorbing device com-
posed of a fixed member having a space formed in the
interior thereof, and a movable member connected to the
fixed member and being pushed into the interior of the
fixed member when absorbing shock, the movable mem-
ber is guided to the interior of the fixed member simulta-
neously when absorbing shock, thereby controlling the
crushing behavior of the end section of the car body to
which the movable member is connected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a perspective view showing schematically
one example of a railway vehicle having a doorway
disposed on a longitudinal end thereof;
FIG. 2 is a perspective view showing in enlarged
view a car end of the railway vehicle illustrated in
FIG. 1;
FIG. 3 is a side view of the car end illustrated in FIG. 2;
FIG. 4 is an A-A cross-section of FIG. 3;
FIG. 5 is a B-B cross-section of FIG. 3;
FIG. 6 is a C-C cross-section of FIG. 3;
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FIG. 7 is a D-D cross-section of FIG. 3;
FIG. 8 is an explanatory view of the car end illustrated
in FIG. 3, showing a state in which a roof structure
end section, a third doorway frame and an under-
frame end section disposed in the crushable region
are crushed;
FIG. 9 is a side view of the car end of the railway
vehicle having a block connected to a roof structure
disposed on an upper first doorway frame;
FIG. 10 is an F-F cross-section of FIG. 9;
FIG. 11 is a side view showing schematically an ex-
ample of a car end structure of the railway vehicle
having a doorway frame incorporating a shock ab-
sorbing device according to the present invention;
FIG. 12 is a conceptual diagram showing one exam-
ple of a shock absorbing device disposed on the
doorway frame;
FIG. 13 is a conceptual diagram showing one exam-
ple of another shock absorbing device disposed on
the doorway frame;
FIG. 14 is an explanatory view showing a state in
which the shock absorbing device disposed on the
doorway frame arranged astride the crushable re-
gion and the survival region on the car end has ab-
sorbed the shock;
FIG. 15 is a side view of the car end of the railway
vehicle having a survival region, a crushable region
and a survival region disposed in the named order
from the endmost section in the longitudinal direction
of the car toward the longitudinal direction of the rail-
way vehicle;
FIG. 16 is a G-G cross-section of FIG. 15; and
FIG. 17 is an explanatory view showing the state in
which the crushable region of the railway vehicle
shown in FIG. 15 is crushed to absorb the shock.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0016] Now, a railway vehicle having doorways dis-
posed on longitudinal ends (hereinafter referred to as
"car ends") according to the present invention will be de-
scribed with reference to the drawings, having the door-
way arranged astride a crushable region being crushed
during collision for absorbing shock and a survival region
not being crushed during collision and maintaining its
space.
[0017] FIG. 1 is a perspective view showing schemat-
ically one example of a railway vehicle having doorways
mainly used by passengers getting on and off the railway
vehicle arranged on the car ends of the railway vehicle.
The railway vehicle 1 has a substantially hexahedral rail-
way vehicle structure, composed of an underframe 50
constituting a floor surface thereof, side structures 20
constituting both side walls of the car body erected on
width-direction ends of the car body of the underframe
50 (only one side of which is shown), end structures 30
erected on both car ends of the underframe 50 (only one

of which is shown), and a roof structure 40 disposed on
upper ends of the side structure 20 and the end structures
30.
[0018] The side structures 20 have openings such as
window sections 62 for arranging windows and doorway
sections 60 used for arranging the doorways. In general,
doorway frames 70 for reinforcement are disposed on
the circumference of the doorway sections 60 for getting
on and off.
[0019] A survival region 100 maintaining survival
space for passengers and the like which will not be
crushed during collision is arranged at the longitudinal
center section of the railway vehicle 1, and crushable
regions 200 connected to the survival region 100 are dis-
posed at both longitudinal end sections of the railway
vehicle 1 which will be crushed during collision so as to
absorb the collision energy. The roof structure 40 and
the underframe 50 arranged within the survival region
100 has enough strength so as not to be crushed during
collision. On the other hand, the roof structure end sec-
tions 42 and the underframe end sections 52 arranged
within the crushable region 200 has such strength so as
not to crush when an impact load smaller than a prede-
termined load is applied but to crush when an impact load
greater than the predetermined load is applied.
[0020] With reference to FIGS. 2 through 7, the struc-
ture of the roof structure end sections 42 and the under-
frame end sections 52 arranged in the crushable region
200, and the structure of the roof structure 40 and the
underframe 50 arranged in the survival region 100 will
be described.
[0021] FIG. 2 is a perspective view showing in enlarged
view the car ends of the railway vehicle 1 shown in FIG.
1. The roof structure 40 is manufactured by first arranging
a given number of extruded shape members in the direc-
tion orthogonal to the direction of extrusion thereof into
the shape of a flat panel, then butting the extruded shape
members against each other in the width direction of the
extruded shape members (direction orthogonal to the di-
rection of extrusion) , and joining the butted ends of the
extruded shape members via friction stir welding or weld-
ing.
[0022] The roof structure end sections 42 are manu-
factured by subjecting the width-direction ends (direction
of arrow 500) of the panel to a bending process, to thereby
process the shape thereof to correspond to the outer
shape of the railway vehicle 1. The formed roof structure
end sections 42 are connected to the car ends of the roof
structure 40, the upper end of the doorway frame 70 and
the upper end of the end structure 30, to thereby form
the railway vehicle structure of the railway vehicle 1.
[0023] Similarly, the underframe 50 is formed by ar-
ranging a predetermined number of extruded shape
members in the direction orthogonal to the direction of
extrusion thereof into the shape of a panel, butting the
ends thereof in the width direction 500 (direction orthog-
onal to the direction of extrusion), and joining the ends
of the extruded shape members via friction stir welding
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or welding.
[0024] The underframe end section 52 is composed of
an extruded shape member formed of a single face plate
having on one plane thereof a plurality of ribs (not shown)
having a T-shaped cross-section perpendicular to the di-
rection of extrusion. The extruded shape members con-
stituting the underframe end sections 52 are connected
to the car ends of the underframe 50, the lower end of
the doorway frame 70 and the lower end of the end struc-
tures 30, so that the direction of extrusion thereof is ar-
ranged along the width direction (direction of arrow 500)
of the railway vehicle 1, thereby forming the railway ve-
hicle structure of the railway vehicle 1.
[0025] FIG. 3 is a side view showing the car end of the
railway vehicle 1 illustrated in FIG. 2. The doorway frame
70 is composed of a first doorway frame 72 disposed in
a vertical direction within the plane of the side structure
20 within the survival region 100 disposed at the center
section in the longitudinal direction of the railway vehicle
1, a second doorway frame 74 disposed in a vertical di-
rection within the plane of the side structure 20 and con-
nected to the end structure 30 in the crushable region
200, and third doorway frames arranged along the lon-
gitudinal direction of the side structure 20 in the crushable
region 200 and connecting the respective upper ends
and lower ends of the first doorway frame 72 and the
second doorway frame 74. Further, the first doorway
frame 72 can have sections 72a and 72b extending hor-
izontally from the upper and lower ends in the height di-
rection thereof toward the second doorway frame 74.
FIG. 3 shows an A-A cross-section position of the roof
structure end section 42 and an upper third doorway
frame 76a disposed in the crushable region 200, a B-B
cross-section position of the roof structure 40 and an up-
per first doorway frame 72a disposed in the survival re-
gion 100, a C-C cross-section position of the underframe
end section 52 and a lower third doorway frame 76b dis-
posed in the crushable region 200, and a D-D cross-sec-
tion position of the underframe 50 and a lower first door-
way frame 72b disposed in the survival region 100.
[0026] FIG. 4 is an A-A cross-section view of FIG. 3.
The roof structure end section 42 and the upper third
doorway frame 76a disposed in the crushable region 200
are both single plate-shaped members, and the end in
the width direction (direction of arrow 500) of the roof
structure end section 42 and the upper end section of
the upper third doorway frame 76a are connected via
welding or the like. A thickness t1 of the upper third door-
way frame 76a is selected to a thickness so that the mem-
ber crushes along a longitudinal direction 510 of the rail-
way vehicle 1 to absorb the shock when an impact greater
than a predetermined impact is applied by collision.
[0027] FIG. 5 is a B-B cross-sectional view of FIG. 3.
The roof structure 40 disposed in the survival region 100
is composed of extruded shape members having two op-
posing face plates connected via ribs. Similarly, the upper
first doorway frame 72a is also composed of a single
panel, but a thickness t2 thereof is greater than the thick-

ness t1 of the upper third doorway frame 76a (FIG. 3),
and selected to provide the member with enough strength
so as not to crush during collision. The end section in the
width direction (direction of arrow 500) of two face plates
constituting the roof structure 40 and the upper end of
the upper first doorway frame 72b are connected via
welding or the like. Even when a large impact is applied
in the longitudinal direction (direction of arrow 510) of the
railway vehicle 1 during collision, the roof structure 40
and the upper first doorway frame 72a has sufficiently
high strength so as not to be crushed, ensuring the sur-
vival region 100 (FIG. 3).
[0028] FIG. 6 is a C-C cross-section of FIG. 3. An un-
derframe end section 52 disposed in the crushable region
200 has a hollow section 52a at each end in the width
direction (direction of arrow 500) of the railway vehicle
1, and the portion close to the center in the width direction
(direction of arrow 500) has a floor section 52b composed
of a single panel. The hollow section 52a can be formed
by assembling a horizontally arranged panel and a ver-
tically arranged panel and connecting the same via weld-
ing or the like, or can be formed of a hollow extruded
shape member. The plate thickness of the respective
face plates constituting the underframe end section 52
is selected so that when a load greater than the prede-
termined load is applied in the longitudinal direction (di-
rection of arrow 510) of the railway vehicle 1, the under-
frame end section 52 can be crushed along the longitu-
dinal direction of the railway vehicle 1.
[0029] Furthermore, the lower third doorway frame 76b
is composed of a channel member having two horizontal
portions formed continuously from an upper end and a
lower end of a vertical portion, and a panel 80a connect-
ing the opened ends of the horizontal portions. A plate
thickness t4 of the vertical portion of the lower third door-
way frame 76b, a plate thickness t3 of the horizontal por-
tions thereof and a plate thickness t5 of the panel 80a
are selected so that when a load greater than a prede-
termined load is applied, the members can be crushed
along the longitudinal direction (direction of arrow 510)
of the railway vehicle 1.
[0030] FIG. 7 is a D-D cross-section of FIG. 3. The
underframe 50 disposed in the survival region 100 has
a hollow section 50a at each end in the width direction
(direction of arrow 500) of the railway vehicle 1. A floor
section 50b composed of a hollow extruded shape mem-
ber having two opposing face plates connected via ribs
is disposed at a center section in the width direction (di-
rection of arrow 500) of the underframe adjacent to the
hollow sections 50a. The underframe 50 and the floor
section 50b are connected via welding or the like. The
plate thickness of respective face plates constituting the
underframe 50 and the plate thickness of the ribs and
the respective face plates constituting the floor section
50b is selected so that the underframe 50 and the floor
section 50b will not be crushed in the longitudinal direc-
tion of the railway vehicle 1 even when a large impact in
the longitudinal direction (direction of arrow 510) of the
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railway vehicle 1 is applied, thereby ensuring the survival
region 100.
[0031] Further, the lower first doorway frame 72b is
composed of a channel member having two horizontal
portions formed continuously from an upper end and a
lower end of a vertical portion, and a panel 80b connect-
ing the opened ends of the horizontal portions. A panel
81b is disposed horizontally from a center section in the
height direction of the panel 80b toward the lower first
doorway frame 72b, thereby reinforcing the strength of
the lower first doorway frame 72b in the longitudinal di-
rection of the railway vehicle 1 (direction of arrow 510),
and ensuring the survival region 100.
[0032] FIG. 8 is an explanatory view showing the state
in which the roof structure end section 42, the upper and
lower third doorway frames 76a and 76b and the under-
frame end section 52 disposed within the crushable re-
gion are crushed so as to absorb the shock at the car
end illustrated in FIG. 3. When the railway vehicle is sub-
jected to collision in the direction of arrow 510, the impact
is first received by the end structure 30 constituting the
railway vehicle 1, and thereafter, propagated to the roof
structure end section 42 and the underframe end section
52 disposed adjacent to the end structure 30. Substan-
tially at the same time, the impact is transmitted via the
second doorway frame 74 connected to the end structure
30 to the upper third doorway frame 76a and the lower
third doorway frame 76b. If the level of impact is greater
than a predetermined level, the roof structure end section
42, the underframe end section 52, the upper third door-
way frame 76a and the lower third doorway frame 76b
disposed within the crushable region 200 are crushed
and subjected to plastic deformation in the longitudinal
direction (direction of arrow 510) of the railway vehicle
1, thereby absorbing the impact (collision energy), and
relieving the shock applied to the passengers and crews
on board the railway vehicle. The width L1 of the doorway
section 60 after absorbing shock becomes smaller than
a width L0 (FIG. 3) of the doorway section 60 prior to
absorbing shock, but since the first doorway frame 72
(72a and 72b) , the roof structure 40 and the underframe
50 disposed within the survival region 100 has sufficient
strength, they will not be crushed and the doorway width
L1 is ensured. Therefore, even when the railway vehicle
1 experiences collision and the shock absorbing struc-
tures disposed on the railway vehicle 1 (the roof structure
end sections 42, the upper and lower third doorway
frames 76a and 76b and the underframe end sections
52) absorb the shock, the passengers and crews can
escape to the exterior of the vehicle through the non-
crushed width L1 of the nearest doorway section 60 as
escape port.
[0033] FIG. 9 is a side view of the car end of the railway
vehicle comprising a block 45 connecting the roof struc-
ture 40 and the upper first doorway frame 72a, and FIG.
10 is an F-F cross-section shown in FIG. 9. The embod-
iment shown in FIG. 9 illustrates an alternative structure
of the upper third doorway frame 76a and the upper first

doorway frame 72a shown in FIGS. 3 through 5, having
considered the crushing characteristics and the fabrica-
tion performance of the vehicle. As shown in FIG. 10, a
block 45 is connected to the in-car side of the upper first
doorway frame 72a, and the upper end of the block 45
is connected to a roof structure 40 disposed in the survival
region 100. The plate thickness of the upper third door-
way frame 76a (FIG. 9) is the same as the plate thickness
of the upper first doorway frame 72a (FIG. 10), wherein
the same plate thickness is selected so as to improve
the fabrication performance and to reduce the mass of
the upper first doorway frame 72a. Although not shown,
the structure shown in FIG. 9 can be applied to the lower
first doorway frame 72b, in which the lower end of the
block 45 is connected to the underframe 50 and the in-
car side of the lower first doorway frame 72b is connected
to the block 45.
[0034] When the railway vehicle experiences a heavy
collision in the direction of arrow 510, the impact is first
received by the end structure 30 constituting the railway
vehicle 1, and then transmitted to the roof structure end
section 42 and the underframe end section 52 adjacent
to the end structure 30. Since the impact is received by
the block 45 connected to the strong roof structure 40
disposed in the survival region 100, the upper third door-
way frame 76a starts crushing. Substantially at the same
time, the roof structure end section 42, the underframe
end section 52 and the lower third doorway frame 76b
disposed in the crushable region 200 are crushed and
plastically deformed in the longitudinal direction of the
railway vehicle 1 (direction of arrow 510), absorbing the
impact (collision energy) during the process and relieving
the impact applied to the passengers and crews on board
the railway vehicle.
[0035] In the embodiment illustrated in FIGS. 9 and
10, the width L1 (refer to FIG. 8) of the doorway section
60 after absorbing the impact becomes smaller than the
width L0 (FIG. 3) of the doorway section 60 prior to ab-
sorbing impact, but since the first doorway frame 72 (72a,
72b), the roof structure 40 and the underframe 50 dis-
posed in the survival region 100 have sufficient strengths,
they will not be crushed so as to ensure a doorway width
L1. Therefore, even after the railway vehicle 1 experienc-
es collision and the shock absorbing structure disposed
in the railway vehicle 1 (the roof structure end section
42, the upper and lower third doorway frames 76a and
76b, and the underframe end section 52) has absorbed
the shock, the passengers and crews can escape to the
exterior of the vehicle through the portion of width L1 not
being crushed of the nearest doorway section 60 as es-
cape port.
[0036] FIG. 11 is a side view showing schematically
one example of the car end structure of the railway ve-
hicle 1 having a doorway frame incorporating the shock
absorbing structure according to the present invention.
If the doorway used by passengers and the like getting
on and off the vehicle is disposed on each longitudinal
end of the railway vehicle 1, a doorway frame 70 is dis-
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posed along the edge of the doorway section 60 formed
on the side structure 20. In general, since the rigidity of
the doorway frame 70 is greater than the rigidity of the
side structure, the plate thickness of the upper and lower
third doorway frames 76a and 76b disposed in the crush-
able region 200 is made smaller than the plate thickness
of the upper and lower first doorway frames 72a and 72b
disposed in the survival region 100 so as to promote
crushing and absorb the shock. FIG. 11 is an example
in which a shock absorbing device 300 capable of ensur-
ing a greater shock absorbing quantity (shock absorbing
quantity per unit volume) is disposed on the doorway
frame arranged astride the survival region 100 and the
crushable region 200, instead of the upper and lower
third doorway frames 76a and 76b shown in FIGS.4 and
6.
[0037] FIG. 12 is a conceptual diagram showing one
example of the shock absorbing device 300 disposed on
the doorway frame. The shock absorbing device 300 is
composed of a fixed member 1241 having a space 1245
formed in the interior thereof, and a movable member
1231 connected tandemly to the fixed member 1241. One
longitudinal end section of the movable member 1231 is
inserted to the other longitudinal end of the fixed member
1241, and the overlapped portion of the movable member
1231 and the fixedmember 1241 is engaged via engage-
ment members 1242, 1242 such as bolts. The shock ab-
sorbing device 300 is disposed on the doorway frame 70
so that the longitudinal direction thereof corresponds to
the longitudinal direction (direction of arrow 510) of the
railway vehicle 1. Themovable member 1231 of the shock
absorbing device 300 is fixed via bolts or the like to the
doorway frame 76 disposed in the crushable region 200,
and the fixed member 1241 of the shock absorbing device
300 is fixed via bolts or the like to the doorway frame 72
disposed in the survival region 100. In other words, the
movable member 1231 of the shock absorbing device
300 is disposed in the crushable region 200, and the
fixedmember 1241 of the shock absorbing device is dis-
posed in the survival region 100.
[0038] When an impact greater than the predeter-
mined impact is applied in the longitudinal direction of
the shock absorbing device 300, at first, the engagement
members 1242 receive shearing force and are fractured.
Next, the movable member 1231 is pushed into the space
1245 provided in the fixed member 1241. The impact
(collision energy) is absorbed during the process in which
the engagement members 1242 are fractured and by the
friction between the surface of the movable member 1231
and the fixed member 1241 when the movable member
1231 is pushed into the space 1245 of the fixed member
1241. The shock absorbing quantity can be controlled by
the number and strength of the engagement members
1241, and by adjusting the outer dimension of the mov-
able member 1231 and the inner diameter of the space
within the fixed member 1241.
[0039] FIG. 13 is a conceptual diagram showing an-
other example of a shock absorbing device disposed on

the doorway frame. The shock absorbing device 300 is
composed of a fixed member 1241 having a space 1245
formed therein, and a movable member 1231 connected
tandemly to the fixed member 1241. An intrusive member
1235 disposed on one longitudinal end section of the
movable member 1231 is connected in such a manner
as to be inserted to the other longitudinal end of the fixed
member 1241. The height dimension D of the cylindrical
intrusive member 1235 is greater than the height dimen-
sion H of the space 1245 formed in the fixed member
1241. The movable member 1231 is fixed via bolts or the
like to the doorway frame 76 disposed in the crushable
region 200, and the fixed member 1241 is fixed via bolts
or the like to the doorway frame 72 disposed in the sur-
vival region 100. In other words, the movable member
1231 of the shock absorbing device 300 is disposed in
the crushable region 200, and the fixed member 1241 of
the shock absorbing device 300 is disposed in the sur-
vival region 100. The shape of the intrusive member 1235
does not necessarily have to be cylindrical, and can be
a triangular prism shape or a trapezoidal pole shape hav-
ing perpendicular cross-sections gradually reduced from
the movable member 1231 toward the direction of the
fixed member 1241.
[0040] When an impact greater than a predetermined
impact is applied in the longitudinal direction of the shock
absorbing device 300, the intrusive member 1235 con-
nected to the movable member 1231 is pushed forcibly
into the space 1245 of the fixed member 1241. The im-
pact (collision energy) is absorbed during the process in
which the intrusive member 1235 is pushed into the
space 1245 formed in the fixedmember 1241, and the
impact (collision energy) corresponding to a work volume
realized by the resisting force composed of the friction
between the surface of the intrusive member 1235 and
the inner wall surface of the space 1245 of the fixed mem-
ber 1241 and the deformation of the fixed member 1241
when the intrusive member 1235 is pushed forcibly into
the space 1245 is absorbed. The shock absorbing quan-
tity can be controlled by appropriately adjusting the di-
mension D of the intrusive member 1235 and the dimen-
sion H of the space 1245.
[0041] FIG. 14 is an explanatory view showing the
state in which the shock absorbing device incorporated
in the doorway frame arranged astride the crushable re-
gion and the survival region at the car end has absorbed
the shock. When the railway vehicle collides in the direc-
tion of arrow 510, the impact is first received by the end
structure 30 constituting the railway vehicle 1, and there-
after, transmitted to the roof structure end section 42 and
the underframe end section 52 disposed adjacent to the
end structure 30. Substantially at the same time, the im-
pact is transmitted via the second doorway frame 74 con-
nected to the end structure 30 to the upper third doorway
frame 76a and the lower third doorway frame 76b. The
roof structure end section 42 and the underframe end
section 52 disposed in the crushable region 200 is
crushed and plastically deformed in the longitudinal di-
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rection (direction of arrow 510) of the railway vehicle 1,
and substantially at the same time, the movable mem-
bers 1231 constituting the shock absorbing devices 300
and 300 disposed on the upper and lower third doorway
frames 76a and 76b are pushed into the interior of the
fixed member 1241.
[0042] The impact (collision energy) is absorbed in the
above-described process, so that the impact applied on
the passengers and crews on board the railway vehicle
may be relieved. The width L1 of the doorway after ab-
sorbing shock becomes smaller than a width L0 (FIG. 3)
of the doorway prior to absorbing shock, but since the
first doorway frame 72, the roof structure 40 and the un-
derframe 50 disposed within the survival region 100 has
sufficient strength, they will not be crushed and the door-
way width L1 is ensured. Therefore, even after the shock
absorbing structures disposed on the railway vehicle 1
(the roof structure end sections 42, the shock absorbing
device 300 disposed on the upper and lower third door-
way frame 7 6a and 7 6b and the underframe end sections
52) absorb the shock, the passengers and crews can
escape to the exterior of the vehicle through the non-
crushed portion of width L1 of the nearest doorway sec-
tion 60 as escape port.
[0043] Since the movable member 1231 is pushed for-
cibly into the interior of the space 1245 of the fixed mem-
ber 1241 during the process in which the roof structure
end sections 42 and the underframe end sections 52 are
crushed in the shock absorbing device 300, the shock
absorbing device 300 both functions to absorb the shock
by itself and to control the crushing behavior of the end-
most section of the car composed for example of the end
structure 30, by guiding the roof structure end sections
42 and the underframe end sections 52 to be crushed in
the longitudinal direction of the vehicle (direction of arrow
510). Since the shock absorbing device 300 is fixed to
the first doorway frame 72 and the second doorway frame
74 via bolts or the like, these bolts can be disengaged to
facilitate replacement thereof with another shock absorb-
ing device 300 if necessary, such as when the device
300 has absorbed shock.
[0044] FIG. 15 is a side view of the car end of the rail-
way vehicle having disposed in the named order from
the endmost longitudinal portion of the railway vehicle 1
toward the longitudinal center section of the railway ve-
hicle a first survival region 100a, a crushable region 200
and a second survival region 100b, wherein the doorway
frame 70 is disposed in the first survival region 100a. The
passenger cabin is disposed in the second survival re-
gion 100b. Details will follow, but the underframe end
section 52 disposed in the first survival region 100a will
be crushed to absorb the shock when an impact greater
than a predetermined impact is applied via the end struc-
ture 30 to the railway vehicle 1.
[0045] FIG. 16 is a G-G cross-section of FIG. 15. A
first doorway frame 72 constituting a doorway frame 70
and disposed toward a longitudinal center section of the
side structure 20 has a hollow section formed in the in-

terior thereof, and one of the vertical edges of a face plate
24 constituting the side structure 20 is connected via
welding or the like to the longitudinal center area of the
vehicle of the first door frame 72. The other vertical edge
of the face plate 24 is connected via welding or the like
to the extruded shape member 22 constituting the side
structure 20. The horizontal edge at the upper end of the
face plate 24 is connected to the roof structure end sec-
tion 42, and the horizontal edge at the lower end of the
face plate 24 is connected to the underframe 50. In other
words, the face plate 24 connecting the first doorway
frame 72 and the extruded shape member 22 is disposed
in the crushable region 200. Further, the extruded shape
member 22 is a hollow extruded shape member in which
two opposing face plates are connected via ribs.
[0046] FIG. 17 shows a state in which the crushable
region 200 of the car end shown in FIG. 15 is crushed to
absorb the shock. When the railway vehicle experiences
collision in the direction of arrow 510, the impact is first
received by the end structure 30 constituting the railway
vehicle 1, and thereafter, transmitted to the roof structure
end section 42 and the underframe end section 52 adja-
cent to the end structure 30. Substantially at the same
time, the impact is transmitted to a face plate 24 (FIG.
16) constituting the side structure 20 via a doorway frame
70 connected to the end structure 30. When an impact
greater than a predetermined size is applied, the roof
structure end section 42 disposed in the crushable region
200 and the face plate 24 (FIG. 16) constituting the side
structure 20 is crushed, and the connection between the
lower end section of the doorway frame 70 and the upper
end in the width direction of the railway vehicle 1 (direc-
tion of arrow 500) of the underframe 50 is fractured, by
which the car end including the doorway frame 70 moves
toward the longitudinal center area of the railway vehicle
1.
[0047] The impact (collision energy) is absorbed in the
process in which the roof structure end section 42 and
the face plate 24 of the side structure 20 are plastically
deformed, relieving the impact applied on the passengers
and crews on board the railway vehicle. At this time, the
underframe end section 52 is disposed in the first survival
region 100a, but it is crushed in the area below the floor
portion of the railway vehicle 1 (on the side of the rail)
having only a small influence on the passengers. The
width L0 of the doorway frame 70 after absorbing shock
maintains substantially the same doorway width L0 as
the doorway width L0 (FIG. 15) prior to absorbing shock,
since the whole body of the end section of the vehicle
including the doorway frame 70 is moved toward the lon-
gitudinal center section of the railway vehicle 1. There-
fore, the passengers and crews can escape to the exte-
rior of the vehicle through the nearest doorway section
60 substantially remaining without being crushed.
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Claims

1. A railway vehicle comprising an underframe, side
structureserectedonbothwidth- directionendsofthe-
underframe, end structures erected on longitudinal
ends of the underframe, and a roof structure con-
nected to upper ends of the side structures and the
end structures, characterized in that
a survival region is disposed at a longitudinal center
section of the railway vehicle, and crushable regions
are disposed on longitudinal ends of the railway ve-
hicle in such a manner as to be connected to the
survival region; and
a doorway section for getting on and off is disposed
on a longitudinal end of the side structure so as to
be arranged astride the crushable region and the
survival region.

2. The railway vehicle according to claim 1, character-
ized in that
the railway vehicle comprises a roof structure end
section disposed on the longitudinal end of the roof
structure, and an underframe end section disposed
on the longitudinal end of the underframe;
the doorway comprises a doorway frame disposed
on an edge of an opening disposed on the longitu-
dinal end of the side structure;
wherein the doorway frame comprises:

a first doorway frame disposed in a perpendic-
ular direction within the survival region;
a second doorway frame disposed in a perpen-
dicular direction at a longitudinal end section of
the side structure and connected to the end
structure; and
two third doorway frames respectively connect-
ed to upper ends and lower ends of the first door-
way frame and the second doorway frame, and
extending in the longitudinal direction of the side
structure;
wherein the roof structure end section, the sec-
ond doorway frame, the third doorway frame and
the underframe end section are disposed in the
crushable region.

3. The railway vehicle according to claim 2, character-
ized in that
the roof structure end section is a single panel con-
nected to the longitudinal end of the roof structure;
and
the underframe end section is composed of a single
panel formed by arranging and welding butted width-
direction ends of extruded shape members together,
wherein extruded shape members are connected to
the longitudinal end of the underframe so that a di-
rection of extrusion of the extruded shape members
corresponds to a width direction of the railway vehi-
cle.

4. The railway vehicle according to claim 3, character-
ized in that
a plate thickness of the third doorway frame connect-
ed to the upper end section of the second doorway
frame is smaller than a plate thickness of the upper
end section of the first doorway frame;
the third doorway frame connected to the lower end
section of the second doorway frame is composed
of a channel member having two horizontal portions
connected to an upper end and a lower end of a
perpendicular portion, and a panel connecting
opened ends of the horizontal portions; and
a lower end of the first doorway frame connected to
the third doorway frame being connected to the lower
end section of the second doorway frame is com-
posed of a channel member having two horizontal
portions connected to an upper end and a lower end
of a perpendicular portion, a panel connecting
opened ends of the horizontal portions, and a panel
extending from a center section in a height direction
of the panel toward the perpendicular portion.

5. The railway vehicle according to claim 3, character-
ized in that
a block is connected to an in-car side of one side of
the first doorway frame, and an end section of the
block is connected to the roof structure.

6. The railway vehicle according to claim 3, character-
ized in that
a block is connected to an in-car side of one side of
the first doorway frame, and an end section of the
block is connected to the roof structure; and
a block is connected to an in-car side of the other
side of the first doorway frame, and an end section
of the block is connected to the underframe.

7. A railway vehicle having a doorway disposed on a
car end of a side structure, wherein both ends of a
car body are formed as crushable regions and a re-
gion between the crushable regions is formed as a
survival region, wherein a doorway frame is disposed
around an opening formed on the side structure de-
fining the doorway;
characterized in that the doorway frame compris-
es:

a first doorway frame disposed in the survival
region;
a second doorway frame disposed in the crush-
able region and on a car-end side; and
a third doorway frame connecting the first door-
way frame and the second doorway frame,
wherein the third doorway frame is equipped
with a shock absorbing device composed of a
movable member and a fixed member arranged
tandemly along a longitudinal direction of the car
body.
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8. The railway vehicle according to claim 7, wherein
the shock absorbing device characterizes in that
one end section of the movable member is connect-
ed to the third doorway frame, and the other end
section of the movable member is inserted to and
overlapped with one end section of the fixed member
having a space formed in an interior thereof;
the other end section of the fixed member is con-
nected to the first doorway frame; and
an engagement member for engaging the movable
member and the fixed member is disposed in the
overlapped section of the movable member and the
fixed member.

9. The railway vehicle according to claim 7, wherein
the shock absorbing device characterizes in that
one end section of the movable member is connect-
ed to the third doorway frame, and an intrusive mem-
ber is disposed on the other end section of the mov-
able member;
the intrusive member of the movable member is in-
serted to one end of the fixed member having a space
formed in the interior thereof, and a height dimension
of the intrusive member is set greater than a height
dimension of the space of the fixed member; and
the other end section of the fixed member is con-
nected to the first doorway frame.

10. A railway vehicle comprising an underframe, side
structureserectedonbothwidth- directionendsofthe-
underframe, end structures erected on longitudinal
ends of the underframe, and a roof structure con-
nected to upper ends of the side structures and the
end structures, wherein a doorway section for getting
on and off the vehicle is disposed on a longitudinal
end of the side structure and a doorway frame is
disposed on a circumference of the doorway section,
characterized in that
a first survival region, a crushable region and a sec-
ond survival region are disposed in the named order
from a longitudinal end of the railway vehicle;
a longitudinal area of the side structure from a portion
of the doorway frame close to a longitudinal center
section of the side structure to the second survival
region belongs to the crushable region;
the side structure belonging to the crushable region
is a panel having one perpendicular edge thereof
connected to a portion of the doorway frame close
to the longitudinal center section of the side struc-
ture, and the other perpendicular edge thereof con-
nected to the side structure disposed in the survival
region composed of extruded shape members hav-
ing two face plates connected via ribs; and
when an impact exceeding a predetermined level is
received in the longitudinal direction of the railway
vehicle, the panel disposed in the crushable region
is crushed, and a car end belonging to the first sur-
vival region including the doorway frame is moved

toward the longitudinal center section of the railway
vehicle.
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