EP 3 489 108 A1

(19)

Europdisches
Patentamt

EP 3 489 108 A1

European

Patent Office

Office européen
des brevets

(1)

EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(12)

(43) Date of publication:
29.05.2019 Bulletin 2019/22

(21) Application number: 16909510.6

(22) Date of filing: 20.07.2016

(51) IntCl.:
B61G 5/02 (2006.01)

(86)

International application number:

(87)

PCT/JP2016/071300

International publication number:
WO 2018/016035 (25.01.2018 Gazette 2018/04)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD
(71) Applicant: Hitachi, Ltd.
Tokyo 100-8280 (JP)

(72) Inventors:
¢ HARA, Kosuke
Tokyo 100-8280 (JP)

(74)

¢ HIDAI, Masataka
Tokyo 100-8280 (JP)

¢ YAMAGUCHI, Atomu
Tokyo 100-8280 (JP)

¢ IWASAKI, Katuyuki
Tokyo 100-8280 (JP)

Representative: Mewburn Ellis LLP
City Tower

40 Basinghall Street

London EC2V 5DE (GB)

(54)

(67)  An object of the invention is to provide a forma-
tion vehicle provided with inter-vehicle body damper de-
vices that can reduce bending vibration and vibration in
a roll direction of a vehicle body, and can effectively re-
duce left-right vibration and vibration in a yaw-direction
of the vehicle body to further improve riding comfort of
the vehicle. A formation vehicle 1 includes: first inter-ve-
hicle body damper devices A1 provided between a lead-
ing vehicle 20 and a first intermediate vehicle 30a and

[FIG. 1]

ASSEMBLED VEHICLE PROVIDED WITH BETWEEN-BODY DAMPER DEVICE

between a trailing vehicle 40 and a third intermediate
vehicle 30c; and inter-vehicle body damper devices (A2,
A3) provided at both ends in a longitudinal direction of
the intermediate vehicles. The inter-vehicle body damper
devices (A2, A3) include up-down dampers 4a (4b) pro-
vided on one side in the width direction of an end plate
of a second intermediate vehicle along an up-down di-
rection.
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Description
Technical Field

[0001] The presentinvention relates to a formation ve-
hicle provided with inter-vehicle body damper devices
that improve riding comfort of a railway vehicle.

Background Art

[0002] In recent years, along with speeding up of rail-
way vehicles, roll vibration (vibration around an axis
along a longitudinal direction of a vehicle) generated dur-
ing arailway vehicle passes through a curvedline, vehicle
body bending vibration in an up-down direction, yaw vi-
bration of the vehicle body (vibration in a horizontal plane)
and the like become apparent and riding comfort tends
to be reduced, so that it is required to suppress the vi-
bration and improve the riding comfort. Therefore, in a
coupling portion between a vehicle and a vehicle, an in-
ter-vehicle body damper device constituted by a plurality
of dampers bridged between the vehicles is provided to
suppress the vibrations and improve the riding comfort.
[0003] As an example of such an inter-vehicle body
damperdevice, there has been proposed an inter-vehicle
damper device that suppresses up-down vibration of an
end in the longitudinal direction of the vehicle body and
prevents bending vibration by bridging a pair of up-down
dampers in the up-down direction between the vehicles
and on both sides of a penetration-path between the cou-
pled vehicle bodies to generate a damping force with
respect to an up-down relative speed generated between
the coupled vehicle bodies (Refer to, for example, PTL 1).

Prior Art Literature
Patent Literature

[0004] PTL 1: JP-A-11-78881

Summary of Invention
Technical Problem

[0005] When a railway vehicle travels at a high speed,
a rear truck that supports a vehicle body vibrates in the
up-down direction due to an irregularity in the up-down
direction of a track. As a result, the vehicle body support-
ed by the truck, that vibrates in the up-down direction, is
also vibrated in the up-down direction due to the truck,
and bending vibration is generated at the vehicle body.
[0006] Since a natural frequency of the bending vibra-
tion of the vehicle body is close to afrequency band where
human beings are likely to feel uncomfortable, the natural
frequency of the bending vibration of the vehicle body
tends to cause the reduction of the riding comfort in the
up-down direction. Further, when the railway vehicle
passes through a curved line at a high speed, the vehicle
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body vibrates in a roll direction due to a canting of the
track or track irregularity, which tends to cause the re-
duction of the riding comfort.

[0007] Since theinter-vehicle body damperdevice pro-
posed in the aforementioned PTL 1 is bridged in the up-
down direction between two coupled vehicle bodies, it is
effective for reducing the bending vibration of the vehicle
body and the vibration in the roll direction of the vehicle
body.

[0008] However, since the inter-vehicle body damper
device according to PTL 1 does not generate a damping
force corresponding to left-right vibration of the vehicle
body caused by the track irregularity in left-right direction
and vibration in a yaw direction of the vehicle bodyj, it is
necessary to additionally dispose a damper capable of
reducing the vibration in the yaw direction. However, in
order to suppress the vibration caused by the track irreg-
ularities in the up-down direction and the left-right direc-
tion, it is effective by increasing the number of dampers
bridged between the vehicle bodies, but as the number
of dampers increases, the manufacturing costs and
maintenance costs associated with the dampers also in-
crease, so that it is desirable that the number of dampers
is not large.

[0009] The invention is made in consideration of the
above-mentioned points, and an object thereof is to pro-
vide a formation vehicle provided with inter-vehicle body
damper devices that can effectively suppress the bend-
ing vibration of the vehicle body and the vibration in the
yaw (left-right) direction and the roll direction of the ve-
hicle body and improve the riding comfort while the
number of the dampers is reduced and the manufacturing
and maintenance costs associated with the dampers are
decreased.

Solution to Problem

[0010] In order to solve the above-mentioned problem,
a formation vehicle according to the invention includes a
leading vehicle, a first intermediate vehicle coupled to
the leading vehicle, a trailing vehicle, a third intermediate
vehicle coupled to the trailing vehicle, a second interme-
diate vehicle coupled between the first intermediate ve-
hicle and the third intermediate vehicle, first inter-vehicle
body damper devices provided between the leading ve-
hicle and the first intermediate vehicle and between the
trailing vehicle and the third intermediate vehicle, and
inter-vehicle body damper devices provided at both ends
in the longitudinal direction of the second intermediate
vehicle, wherein the first inter-vehicle body damper de-
vice includes two up-down dampers and a left-right
damper which are bridged between the leading vehicle
and the first intermediate vehicle, and the inter-vehicle
body damper device includes one up-down damper and
the left-right damper which are bridged between the sec-
ond intermediate vehicle and vehicles coupled to both
ends in the longitudinal direction of the second interme-
diate vehicle.
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Advantageous Effect

[0011] According to the invention, it is possible to pro-
vide a formation vehicle provided with inter-vehicle body
damper devices that can effectively suppress the bend-
ing vibration of the vehicle body and the vibration in the
yaw (left-right) direction and the roll direction of the ve-
hicle body and improve the riding comfort while the
number of the dampers is reduced and the manufacturing
and maintenance costs associated with the dampers are
decreased.

Brief Description of Drawings
[0012]

FIG. 1 is a side view of a formation vehicle provided
with inter-vehicle body damper devices according to
Embodiment 1 of the invention.

FIG. 2is a schematic view of a firstinter-vehicle body
damper device provided between a leading vehicle
and a first intermediate vehicle and between a third
intermediate vehicle and a trailing vehicle.

FIG. 3 is a schematic view of a second inter-vehicle
body damper device provided at one end in a longi-
tudinal direction of a second intermediate vehicle.
FIG. 4 is a schematic view of a third inter-vehicle
body damper device provided at the other end in the
longitudinal direction of the second intermediate ve-
hicle.

FIG. 5 is a schematic view (perspective view) of the
second intermediate vehicle provided with a second
inter-vehicle body damper device on a front side and
a third inter-vehicle body damper device on a rear
side.

FIG. 6 is a schematic view showing a state in which
the firstintermediate vehicle to the third intermediate
vehicle of the formation vehicle traveling at a high
speed vibrate in an up-down direction in a side view.
FIG. 7 is a schematic view showing a state in which
the firstintermediate vehicle to the third intermediate
vehicle of the formation vehicle traveling at a high
speed vibrate in a left-right direction and a yaw di-
rection in a top view.

FIG. 8 is a schematic view showing a state in which
the second inter-vehicle body damper device and
the third inter-vehicle body damper device of the for-
mation vehicle traveling at a high speed overlap each
other in the longitudinal direction of the formation
vehicle and adjacent vehicles vibrate in a roll direc-
tion.

FIG. 9 is a table showing an arrangement of the
dampers constituting the inter-vehicle damper de-
vices according to Embodiment 1 of the invention.
FIG. 10 is a table showing an arrangement of the
dampers constituting inter-vehicle damper devices
according to Embodiment 2 of the invention.
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Description of Embodiments

[0013] Next, a formation vehicle provided with inter-
vehicle body damper devices according to embodiments
of the invention will be described with reference to the
drawings. First, each direction for explanation will be de-
fined. A traveling direction (front-rear, longitudinal, rail
direction) of a formation vehicle is referred to as "front"
or "front side", a direction opposite to the traveling direc-
tion is referred to as "rear" or "rear side", one side in a
width (left-right, sleeper) direction of the vehicle body as
seen from the traveling direction is referred to as "right"
or "right side", and similarly the other side in the width
direction is referred to as "left" or "left side".

[0014] The embodiments described below are exam-
ples for describing the invention, and the invention is not
limited to these embodiments. Therefore, the invention
can be embodied in various forms without departing from
the spirit thereof. The various dampers described herein
are devices that damp vibration by converting the vibra-
tion (kinetic energy) into heat in a process of expanding
and contracting along the longitudinal direction thereof.

(Embodiment 1)

[0015] FIG. 1is a side view of a formation vehicle pro-
vided with inter-vehicle body damper devices according
to Embodiment 1 of the invention. A formation vehicle 1
includes 5 vehicles which are a leading vehicle 20 cou-
pled at one end of the formation vehicle 1, a trailing ve-
hicle 40 coupled at the other end of the formation vehicle
1, and a first intermediate vehicle 30a, a second inter-
mediate vehicle 30b, and a third intermediate vehicle 30c
which are provided between the leading vehicle 20 and
the trailing vehicle 40.

[0016] Afirstinter-vehicle body damper device A1 con-
stituted by dampers bridged in an up-down direction, a
front-rear direction, a left-right direction between the ve-
hicles is provided between the leading vehicle 20 and
the first intermediate vehicle 30a and between the third
intermediate vehicle 30c and the trailing vehicle 40 (cou-
pling portions). A portion (position) where the inter-vehi-
cle body damper device is provided is between a vehicle
and a vehicle or is referred to as a coupling portion be-
tween a vehicle and a vehicle.

[0017] The second intermediate vehicle 30b is provid-
ed with a second inter-vehicle body damper device A2
on a front side thereof and a third inter-vehicle body
damper device A3 on a rear side thereof. The second
intermediate vehicle 30b is coupled to the first interme-
diate vehicle 30a via the second inter-vehicle body damp-
er device A2 and is coupled to the third intermediate ve-
hicle 30c via the third inter-vehicle body damper device
A3.

[0018] Details of installation locations and the installa-
tion number and the like of up-down dampers, left-right
dampers, and front-rear dampers constituting the first in-
ter-vehicle body damper device A1, the second inter-ve-
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hicle body damper device A2, and the third inter-vehicle
body damper device A3 are as shown in an arrangement
table of the dampers constituting the inter-vehicle body
damper device shown in FIG. 9, and the details will be
described later. Although FIG. 1 shows a 5-vehicle for-
mation in which the second intermediate vehicle 30b is
coupled to the first intermediate vehicle 30a and the third
intermediate vehicle 30c, the formation vehicle may be
made up of 6 vehicles or more in which another vehicle
is coupled between the second intermediate vehicle 30b
and the firstintermediate vehicle 30a or between the sec-
ond intermediate vehicle 30b and the third intermediate
vehicle 30c.

[0019] FIG. 2 is a schematic view of the first inter-ve-
hicle body damper device provided between the leading
vehicle and the first intermediate vehicle and between
the third intermediate vehicle and the trailing vehicle. As
shown in FIG. 2, the first inter-vehicle body damper de-
vice A1 includes a pair of up-down dampers 4a (4b) that
suppresses relative displacement in the up-down direc-
tion between two vehicles, one left-right damper 8 that
suppresses relative displacement in the left-right direc-
tion between the two vehicles, and a pair of front-rear
dampers 7a (7b) that suppresses relative displacement
in the front-rear direction between the two vehicles.
[0020] One end in the longitudinal direction of the up-
down damper 4a (4b) is connected to a bracket 42a (42b)
fixed to an end plate of one vehicle, and the other end of
the up-down damper 4a (4b) is connected to a bracket
44a (44b) fixed to an end plate of the other vehicle. For
this reason, the up-down damper 4a (4b) is bridged
across the two facing vehicles at the coupling portion.
Brackets 46 (48) provided at both ends of the left-right
damper 8 and brackets (not shown) of the front-rear
dampers 7a (7b) are similarly bridged across the two ve-
hicles at the coupling portions.

[0021] Inthe firstinter-vehicle body damper device A1,
the up-down damper 4a and the front-rear damper 7a
are provided on a right side 78 of a penetration-path 50,
and the up-down damper 4b and the front-rear damper
7b are provided on a left side 79 of the penetration-path
50. The left-right damper 8 is provided above the pene-
tration-path 50.

[0022] FIG. 3 is a schematic view of the second inter-
vehicle body damper device provided at one end in the
longitudinal direction of the second intermediate vehicle,
and FIG. 4 is a schematic view of the third inter-vehicle
body damper device provided at the other end in the lon-
gitudinal direction of the second intermediate vehicle.
FIG. 5 is a schematic view (perspective view) of the sec-
ond intermediate vehicle provided with the second damp-
er device on the front side and the third inter-vehicle body
damper device on the rear side.

[0023] As shown in FIGS. 3 and 5, the second inter-
vehicle body damper device A2 includes the up-down
damper 4b that suppresses the relative displacement in
the up-down direction between two vehicles and that is
provided only on the left side 79 (one side in the width
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direction of the end plate) of the penetration-path 50 pro-
vided in one end plate 2 in the longitudinal direction of
the second intermediate vehicle 30b, the left-right damp-
er 8 that suppresses the relative displacement in the left-
right direction between the two vehicles, and a pair of
(two) front-rear dampers 7a (7b) that suppresses the rel-
ative displacement in the front-rear direction between the
two vehicles.

[0024] As shown in FIGS. 4 and 5, the third inter-vehi-
cle body damper device A3 includes the up-down damper
4a that suppresses the relative displacement in the up-
down direction between two vehicles and that is provided
only on the right side 78 (the other side in the width di-
rection of the end plate) of the penetration-path 50 pro-
vided in the other end plate 3 in the longitudinal direction
of the second intermediate vehicle 30b, the left-right
damper 8 that suppresses the relative displacement in
the left-right direction between the two vehicles, and a
pair of (two) front-rear dampers 7a (7b) that suppresses
the relative displacement in the front-rear direction be-
tween the two vehicles.

[0025] Inthe secondintermediate vehicle 30b provided
with a second inter-vehicle body damper device A2 on
the front side and a third inter-vehicle body damper de-
vice A3 ontherear side, the up-down damper 4b provided
on the left side 79 of the penetration-path 50 in the end
plate 2 provided at one end in a traveling direction 77
and the up-down damper 4a provided on the right side
78 of the penetration-path 50 in the end plate 3 provided
at the other end in the traveling direction 77 are provided
diagonally with respect to a plane including a center line
C intersecting the width direction of the vehicle body.
[0026] FIG. 6 is a schematic view showing a state in
which the first intermediate vehicle to the third interme-
diate vehicle of the formation vehicle traveling at a high
speed vibrate in the up-down direction in a side view.
When the formation vehicle 1 travels at a high speed, a
truck 55 vibrates in the up-down direction due to the track
irregularity in the up-down direction and the like. The first
intermediate vehicle 30a, the second intermediate vehi-
cle 30b, and the third intermediate vehicle 30c, which are
supported by the truck 55 that vibrates in the up-down
direction, are vibrated in the up-down direction due to the
truck 55 and bending vibration is generated.

[0027] There are two bending vibration modes of the
bending vibration generated at a plurality of coupled in-
termediate vehicles. In one bending vibration mode, the
bending vibration having a phase difference is generated
between the front and rear vehicles such that a central
portion in the longitudinal direction of the second inter-
mediate vehicle 30b is displaced upward and a central
portions in the longitudinal direction of the first interme-
diate vehicle 30a and the third intermediate vehicle 30c
are displaced downward (see FIG. 6). In the other bend-
ing vibration mode, the bending vibration having no
phase difference (same phase) is generated between
the front and rear vehicles such that the central portions
in the longitudinal direction of the second intermediate
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vehicle 30b, the first intermediate vehicle 30a and the
third intermediate vehicle 30c are displaced in the same
direction (not shown).

[0028] The actions and effects of vibration reduction,
in a case where the central portions of the adjacent ve-
hicles shownin FIG. 6 are displaced in different directions
and a phase difference is generated, will be described.
Dotted lines 300a, 300b, and 300c schematically show
a state in which the first intermediate vehicle 30a, the
second intermediate vehicle 30b, and the third interme-
diate vehicle 30c are deformed along with the bending
vibration, respectively. In the bending vibration with a
phase difference between adjacent intermediate vehi-
cles, a downward speed is generated at both ends in the
front-rear direction of the second intermediate vehicle
30b, and an upward speed is generated at a rear end of
the first intermediate vehicle 30a and a front end of the
third intermediate vehicle 30c.

[0029] As aresult, the up-down damper 4b of the sec-
ond inter-vehicle body damper device A2 and the up-
down damper 4a of the third inter-vehicle body damper
device A3 generate a relative speed that expands and
contracts in the up-down direction, and a damping force
66 in a direction canceling the relative speed is generat-
ed. Since the vibration in the up-down direction of the
first intermediate vehicle 30a, the second intermediate
vehicle 30b, and the third intermediate vehicle 30cis sup-
pressed by the damping force 66 of the up-down dampers
4a (4b), the riding comfort can be improved while the
number of the dampers is reduced, the manufacturing
and maintenance costs associated with the dampers can
be decreased.

[0030] FIG. 7 is a schematic view showing a state in
which the first intermediate vehicle to the third interme-
diate vehicle (corresponding to a part D of FIG. 1) of the
formation vehicle traveling at a high speed vibrate in the
left-right direction and a yaw direction in a top view. When
the formation vehicle 1 travels at a high speed, the truck
55 vibrates in the left-right direction due to the track ir-
regularity in the left-right direction and the like. As aresult,
the vehicle bodies of the first intermediate vehicle 30a,
the second intermediate vehicle 30b, and the third inter-
mediate vehicle 30c, which are supported by the truck
55 that vibrates in the left-right direction, are vibrated in
the left-right direction due to the truck 55 and vibrate in
the left-right direction and the yaw direction.

[0031] Dotted lines 310a, 310b, and 310c shown in in
FIG. 7 schematically show vibration 90 in the yaw direc-
tion of the first intermediate vehicle 30a, the second in-
termediate vehicle 30b, and the third intermediate vehicle
30c, respectively. A state is shown in which the rear end
of the first intermediate vehicle 30a vibrates to the right
side 78 and the front end of the second intermediate ve-
hicle 30b vibrates to the left side 79. Similarly, a state is
shown in which the rear end of the second intermediate
vehicle 30b vibrates to the right side 78 and the front end
of the third intermediate vehicle 30c vibrates to the left
side 79.
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[0032] When each vehicle forming the formation vehi-
cle 1 vibrates in the yaw direction in the manner shown
in FIG. 7, since the relative speed that expands and con-
tracts in the left-right direction is generated at the left-
right damper 8 of the second inter-vehicle body damper
device A2 and the left-right damper 8 of the third inter-
vehicle body damper device A3, a damping force 66 in
a direction canceling the relative speed (the vibration in
the left-right direction and the vibration 90 in the yaw di-
rection) is generated at the left-right damper 8. The vi-
bration in the yaw direction caused by the vibration in the
left-right direction of the first intermediate vehicle 30a,
the second intermediate vehicle 30b, and the third inter-
mediate vehicle 30c is reduced, the riding comfort can
be improved while the number of the dampers can be
reduced and the manufacturing and maintenance costs
associated with the dampers can be decreased.

[0033] FIG. 8 is a schematic view showing a state in
which the second inter-vehicle body damper device and
the third inter-vehicle body damper device of the forma-
tion vehicle traveling at a high speed overlap each other
in the longitudinal direction of the formation vehicle and
the adjacent vehicles vibrate in the roll direction.

[0034] When the formation vehicle 1 passes through
acurved line ata high speed, thefirstintermediate vehicle
30a, the second intermediate vehicle 30b, and the third
intermediate vehicle 30c vibrate around an axis (roll di-
rection) along the longitudinal direction thereof, due to
canting of the track or track irregularity.

[0035] Dotted lines shown in FIG. 8 schematically
show a state in which the second intermediate vehicle
30b vibrates in the roll direction, and a dashed line shows
the first intermediate vehicle 30a and the third interme-
diate vehicle 30c. When vibration (displacement) 91 in
the roll direction is generated at the second intermediate
vehicle 30b and the leading vehicle 20, a relative dis-
placement in the roll direction occurs between the adja-
cent first intermediate vehicle 30a and the adjacent third
intermediate vehicle 30c. The up-down damper 4b and
the left-right damper 8 of the second inter-vehicle body
A2, and up-down damper 4a and the left-right damper 8
of the third inter-vehicle body damper device A3 expand
and contract according to the roll displacement.

[0036] Atthistime, since the up-down dampers 4a (4b)
and the left-right dampers 8 generate the damping force
66 in the direction against the vibration 91 in the roll di-
rection corresponding to the relative speed, the vibration
91 in the roll direction of the second intermediate vehicle
30b can be suppressed to improve the riding comfort.
[0037] The up-down damper 4b of the second inter-
vehicle body damper device A2 provided on the front side
of the second intermediate vehicle 30b and the up-down
damper 4a of the third inter-vehicle body damper device
A3 provided on the rear side of the second intermediate
vehicle 30b are provided diagonally with respect to a
plane including a center line C intersecting the width di-
rection of the vehicle body.

[0038] Therefore, evenwhen the vibration 91 in the roll
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direction is generated at the first intermediate vehicle
30a, the second intermediate vehicle 30b, and the third
intermediate vehicle 30c, since the upward damping
force 66 generated at the up-down damper 4b and the
downward damping force 66 generated at the up-down
damper 4a cancel each other, and the damping force 66
accompanying with the vibration 91 in the roll direction
does not cause vibration of the first intermediate vehicle
30a to third intermediate vehicle 30c in the up-down di-
rection, the bending vibration accompanied by the damp-
ing force 66 is hardly generated.

[0039] Therefore, since the occurrence of vibration in
the up-down direction caused by the vibration in the roll
direction can be suppressed, the riding comfort can be
improved while the number of the dampers is reduced
and the manufacturing and maintenance costs associat-
ed with the dampers can be decreased.

[0040] Since thefirstinter-vehicle body damper device
A1 provided between the leading vehicle 20 and the first
intermediate vehicle 30a and between the third interme-
diate vehicle 30c and the trailing vehicle 40, includes a
pair of up-down dampers 4a (4b), the vibration in the roll
direction is converted into the vibration in the up-down
direction so as to be reduced. Therefore, since the oc-
currence of vibration in the up-down direction caused by
the vibration in the roll direction can be suppressed, the
riding comfort can be improved.

[0041] InEmbodiment 1,an exampleis shown in which
the first inter-vehicle body damper device A1 including
the pair of up-down dampers 4a (4b) is provided at a
coupling portion between the leading vehicle 20 and the
first intermediate vehicle 30a or a coupling portion be-
tween the third intermediate vehicle 30c and the trailing
vehicle 40. The first inter-vehicle body damper device A1
is not limited to be provided at the coupling portions be-
tween the vehicles at both ends of the formation vehicle
and the intermediate vehicles coupled to the vehicles at
both ends, and may be provided at, for example, a cou-
pling portion between a first class (intermediate) vehicle
that requires a higher riding comfort or an intermediate
vehicle in which riding comfort is easily reduced due to
fluid force acting on a current collector mounted on a roof
and another intermediate vehicle coupled to this inter-
mediate vehicle.

[0042] Although an example, in which the left-right
dampers 8 of the first inter-vehicle body damper device
A1, the second inter-vehicle body damper device A2, and
the third inter-vehicle body damper device A3 are pro-
vided above the penetration-path 50, is shown Embodi-
ment 1, it is not limited thereto, and the left-right damper
8 may be provided below the penetration-path 50.
[0043] When the vehicle travels at a high speed, tur-
bulence of airflow accompanied with a large vortex is
likely to be generated at a downstream of the trailing ve-
hicle 40, and the trailing vehicle 40 may vibrate in the
left-right direction due to a pressure fluctuation caused
by the turbulence of the airflow. Therefore, the first inter-
vehicle body damper device A1 are provided with a pair
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(two) of the front-rear dampers 7a (7b), thereby sup-
pressing the vibration in the left-right direction and im-
proving the riding comfort. Since the second inter-vehicle
body damper device A2 and the third inter-vehicle body
damper device A3 are provided between the intermediate
vehicles having a low risk of receiving large pressure
fluctuation, the front-rear dampers 7a (7b) may be omit-
ted.

(Embodiment 2)

[0044] Next, a formation vehicle provided with inter-
vehicle body damper devices according to Embodiment
2 of the invention will be described with reference to the
drawings. In Embodiment 2, description of the various
dampers described in Embodiment 1 and description of
parts common to those in Embodiment 1 will be omitted,
and specific configurations of Embodiment 2 will be de-
scribed.

[0045] As can be seen from the arrangement table of
the dampers constituting the inter-vehicle damper devic-
es shown in Fig. 10, the formation vehicle provided with
the inter-vehicle body damper devices according to Em-
bodiment 2 is characterized in that the second inter-ve-
hicle body damper device A2 is provided instead of the
third inter-vehicle body damper device A3 described in
Embodiment 1. That is, the inter-vehicle body damper
devices according to Embodiment 2 include the second
vehicle body damper devices A2 on the front side and
the rear side of the second intermediate vehicle 30b, and
the up-down damper 4b is provided on the left side 79 of
the penetration-path 50 provided in the end plate 2 and
the end plate 3 of the second intermediate vehicle 30b.
[0046] Similarly with Embodiment 1, in the formation
vehicle provided with the vehicle body damper devices
according to Embodiment 2, the number of the dampers
is reduced, the manufacturing and maintenance costs
associated with the dampers can be decreased, the
bending vibration and the vibration in the roll direction of
the vehicle body can be reduced, the vibration in the left-
right direction and the vibration in the yaw direction of
the vehicle body can be reduced, and the riding comfort
of the vehicle can be improved.

[0047] Inaddition,in Embodiment2, since the up-down
damper 4b is provided only on one side of the end plate,
an operator can handle the up-down dampers 4b from
only one side of the formation vehicle 1 when installing
the up-down damper 4b during manufacturing and in-
specting or exchanging during the maintenance work, so
that the manufacturing and operation efficiency can be
improved.

Reference Sign List

[0048] 1...formationvehicle 2, 3...end plate 4a, 4b...up-
down damper 7a, 7b..front-rear damper 8...left-right
damper 20...leading vehicle 30a...first intermediate ve-
hicle 30b...second intermediate vehicle 30c...third inter-
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mediate vehicle 40...trailing vehicle 42a, 44a...bracket
42b, 44b...bracket 46, 48...bracket 50...penetration-path
55...truck 66...damping force 77...traveling direction
78...right side 79...left side 90...vibration in a yaw direc-
tion 91...vibrationin aroll direction A1...inter-vehicle body
damper device A2...inter-vehicle body damper device
A3...inter-vehicle body damper device

Claims
1. A formation vehicle comprising:

a leading vehicle;

a first intermediate vehicle coupled to the lead-
ing vehicle;

a trailing vehicle;

a third intermediate vehicle coupled to the trail-
ing vehicle;

a second intermediate vehicle coupled between
the first intermediate vehicle and the third inter-
mediate vehicle;

firstinter-vehicle body damper devices provided
between the leading vehicle and the first inter-
mediate vehicle and between the trailing vehicle
and the third intermediate vehicle; and
inter-vehicle body damper devices provided at
both ends in a longitudinal direction of the sec-
ond intermediate vehicle, wherein

the first inter-vehicle body damper device in-
cludes two up-down dampers and a left-right
damper which are bridged between the leading
vehicle and the first intermediate vehicle, and
the inter-vehicle body damper device includes
one up-down damper and the left-right damper
which are bridged between the second interme-
diate vehicle and vehicles coupled to both ends
in the longitudinal direction of the second inter-
mediate vehicle.

2. The formation vehicle according to claim 1, wherein
the inter-vehicle body damper device includes:

a second inter-vehicle body damper device in-
cluding the up-down damper provided at one
end in the longitudinal direction of the second
intermediate vehicle and provided on one side
in the width direction of an end plate of the sec-
ond intermediate vehicle, and

a third inter-vehicle body damper device includ-
ing the up-down damper provided at the other
end in the longitudinal direction of the second
intermediate vehicle and provided on the other
side in the width direction of the end plate of the
second intermediate vehicle.

3. The formation vehicle according to claim 1, wherein
the inter-vehicle body damper device includes the
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up-down damper provided on one side in the width
direction of the end plate of the second intermediate
vehicle.

The formation vehicle according to claim 2 or 3,
wherein
the first inter-vehicle body damper device includes
two front-rear dampers bridged between the leading
vehicle and the first intermediate vehicle, and
the third inter-vehicle body damper device includes
two front-rear dampers bridged between the trailing
vehicle and the third intermediate vehicle.

The formation vehicle according to claim 4, wherein
the left-rightdamperis provided above a penetration-
path connecting the leading vehicle and the first in-
termediate vehicle and connecting the trailing vehi-
cle and the third intermediate vehicle.
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[FIG. 2]
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[FIG. 3]
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[FIG. 4]
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[FIG.
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[FIG. 6]
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[FIG.

A2, A3

¢ " e n o m—

© ! > .
AN 3 _
N 3 .
>I-”"' ]
S e T e 2
0 -
<
o
o

15



EP 3 489 108 A1

[FIG. 9]

ARRANGEMENT OF VARIOUS DAMPERS OF INTER-VEHICLE BODY DAMPER DEVICE

OF EMBODIMENT 1
INTER-VEHICLE BODY DAMPER DEVICE
A1 A2 A3 A1
RIGHT
@) X O O
upDowN | SIDE
DAMPER EFT
SIDE O O X o
LEFT-RIGHT
DAMPER - O O o) e
RIGHT
FRONT-REAR | SIDE O (O) (O) O
DAMPER
LEFT
SIDE O (O) (O) 0O
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[FIG. 10]

ARRANGEMENT OF VARIOUS DAMPERS OF INTER-VEHICLE BODY DAMPER DEVICE

OF EMBODIMENT 2
INTER-VEHICLE BODY DAMPER DEVICE
RIGHT
@) X X @)
UP-DOWN SIDE
DAMPER LEFT
SIDE O O o) o)
LEFT-RIGHT
DAMPER - O O O o
RIGHT
O O o o
FRONT-REAR | SIDE (O) (O)
DAMPER CEFT
SIDE o (0) (O) o
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