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(57) A door switch 10 includes: a rod 22 which is ar-
ranged to be movable relative to a vehicle main body and
is biased when one door 100a moves toward a full-closed
position; a switch casing 30 which is arranged to be mov-
able relative to the vehicle main body and the rod 22 and
is biased when the other door 100b moves toward a full-

closed position; a detection unit which outputs a detection
signal when the rod 22 and the switch casing 30 take
predetermined relative positions; and aspring 23 (biasing
member) which biases the rod 22 and the switch casing
30 to prevent the rod 22 and the switch casing 30 from
taking the predetermined relative positions.
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Description
TECHNICAL FIELD

[0001] The presentinventionrelatesto adooropening/
closing device for a railroad vehicle, and a door switch
for a railroad vehicle, which detects that double doors
have been closed.

BACKGROUND ART
[0002]

Patent Document 1 recites a known opening/closing
device for double doors.

This door opening/closing device is provided with a door
closing switch substantially at the center of a base plate
which is fixed to the vehicle main body. When the double
doors are completely closed, a switch operating metal
part of a hanging metal part of one door contacts the door
closing switch, and the switch detects that the double
doors are closed. A solenoid or the like is excited by a
signal from the door closing switch, with the result that a
locking shaft is engaged with a locking unit so as to lock
the doors.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0003]

Patent Document 1: Japanese Unexamined Patent
Publication No. 2002-309849

SUMMARY OF INVENTION
PROBLEMS TO BE SOLVED BY INVENTION

[0004] The door opening/closing device above is ar-
ranged to operate so that the double doors are opened
and closed by mechanically interlocking with each other.
Therefore, when one of the double doors is at the full-
closed position, the other door is usually at the full-closed
position, too. It is therefore possible to determine, by us-
ing the door closing switch above, whether both of the
double doors are at the full-closed positions.

However, since there is a possibility of a failure in the
mechanism of causing the double doors to interlock with
each other, a door switch for a railroad vehicle, which
certainly detects whether the double doors are at the full-
closed positions even if there is a failure in the mecha-
nism causing the doors to interlock with each other, has
been on demand.

A conceivable solution to the problem above is to provide
two door closing switches each arranged as above, to
correspond to the respective doors. This approach, how-
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ever, requires another switch, and the increase in the
number of electrical components may result in the in-
crease in the failure rate of the entire system. Further-
more, the increase in the number of components results
in the increase in the cost. Another conceivable solution
to the problem above is to attach the door closing switch
to one door instead of fixing it to the vehicle body, and
the switch is operated by the other door. In this approach,
however, since the wires of the door closing switch are
moved for a long distance to the same degree as the
opening/closing stroke, when the door is opened or
closed, the wires are susceptible to disconnection and
hence it is difficult to certainly detect whether the double
doors are at the full-closed positions. Furthermore, since
the wires are required to have high durability, cost in-
crease is expected.

[0005] An object of the present invention in consider-
ation of the problem above is to provide a door switch for
a railroad vehicle, which can reliably detect whether dou-
ble doors are at full-closed positions without needing an-
other switch, and to provide a door opening/closing de-
vice for a railroad vehicle equipped with the door switch.

MEANS FOR SOLVING PROBLEMS

[0006] According to the first aspect of the present in-
vention, a door switch for a railroad vehicle is installed in
the railroad vehicle having double doors and includes: a
first passive component which is arranged to be movable
relative to a vehicle main body and is biased when one
of the doors moves toward a full-closed position; a sec-
ond passive component which is arranged to be movable
relative to the vehicle main body and the first passive
component and is biased when the other one of the doors
is moves toward a full-closed position; a detection unit
which outputs a detection signal when the first passive
component and the second passive component take pre-
determined relative positions; a biasing member which
biases the first passive component and the second pas-
sive component to prevent the first passive component
and the second passive component from taking the pre-
determined relative positions; the predetermined relative
positions being relative positions of the first passive com-
ponent and the second passive component when the first
passive component and the second passive component
are biased by the double doors against a biasing force
of the biasing member and both of the double doors even-
tually reach the full-closed positions.

[0007] According to this arrangement, when only one
of the doors reaches the full-closed position whereas the
other one of the doors has not reached the full-closed
position, the biasing force of the biasing member pre-
vents the first passive component and the second pas-
sive component from taking the predetermined relative
positions, and hence no detection signal is output from
the detection unit.

This makes it possible to certainly detect whether the
double doors are at the full-closed positions, without
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needing another switch.

[0008] In addition to the above, according to the sec-
ond aspect of the presentinvention, the first passive com-
ponent and the second passive component are arranged
to be movable in opening/closing directions of the doors,
with respect to the vehicle main body.

[0009] According to this arrangement, it is possible to
provide the door switch in a space which extends in di-
rections in parallel to the opening/closing directions of
the doors.

[0010] In addition to the above, according to the third
aspect of the present invention, the door switch further
includes: a limit switch including the first passive compo-
nent, the second passive component movably support
the first passive component, an elastic component pro-
vided between the first passive component and the sec-
ond passive component and functioning as the biasing
component, and the detection unit which outputs the de-
tection signal when the first passive component moves
for a predetermined distance with respect to the second
passive component against an elastic force of the elastic
component, the limit switch being arranged to be mova-
ble with respect to the vehicle main body in directions in
parallel to a direction of movement of the first passive
component with respect to the second passive compo-
nent, and as one of the doors is biased by the first passive
component and the other one of the doors is biased by
the second passive component, the first passive compo-
nent moving with respect to the second passive compo-
nent against the elastic force of the elastic component,
and a moving distance of the first passive component
with respect to the second passive component being
equal to the predetermined distance when both of the
doors reach the full-closed positions.

[0011] According to this arrangement, it is possible to
certainly detect whether the double doors are at the full-
closed positions by using the limit switch which outputs
the detection signal when the moving distance of the first
passive component with respect to the second passive
component against the elastic force of the elastic com-
ponent becomes equal to the predetermined distance.
This ensures the reliability of the door switch because a
conventional multi-purpose limit switch, which is highly
reliable, is usable as the door switch.

[0012] In addition to the above, according to the fourth
aspect of the present invention, the first passive compo-
nent and the second passive component are rotatable
about a rotation axis which is fixed to the vehicle main
body, and the rotation axis extends in directions orthog-
onal to the flat plate-shaped doors.

[0013] According to this arrangement, downsizing is
easily achieved by forming the first passive component
and the second passive component to be thin in the di-
rections in parallel to the rotation axis.

[0014] In addition to the above, according to the fifth
aspect of the presentinvention, the detection unit outputs
the detection signal when the first detection unit attached
to the first passive component and the second detection
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unit attached to the second passive component take a
predetermined positional relationship, the first detection
unit is provided at a position further from the rotation axis
of the first passive component than a position at which
the first passive component is biased by said one of the
doors, and the second detection unit is provided at a po-
sition further from the rotation axis of the second passive
component than a position at which the second passive
component is biased by the other one of the doors.
[0015] According to this arrangement, as compared to
the moving distances of the doors in the closing direc-
tions, the degree of change in the relative positions of
the first detection unit and the second detection unit is
great. With this, by a simple structure, it is possible to
prevent a detection signal indicating that the doors are
closed from being erroneously output, when a foreign
matter is caught in between the closing doors and hence
the doors are not completely closed.

[0016] In addition to the above, according to the
present invention, a door opening/closing device for a
railroad vehicle, which is used for opening and closing
double doors, includes: the door switch according to any
one of claims 1 to 5; and a control unit which receives
the detection signal output from the detection unit, the
control unit driving a locking unit for locking the doors or
controlling a drive output for opening and closing the
doors, based on the detection signal.

[0017] According to this arrangement, it is possible to
certainly detect whether the double doors are at the full-
closed positions, and to utilize the detection signal output
from the detection unit for locking the doors or controlling
the operation of the doors.

This makes it possible to prevent the doors from being
erroneously locked when at least one of the doors has
not reached the full-closed position. Furthermore, it is
possible to prevent the driving output for opening and
closing the doors from being controlled when atleast one
of the doors has not reached the full-closed position.

ADVANTAGEOUS EFFECT OF INVENTION

[0018] The door switch for the railroad vehicle of the
present invention and the door opening/closing device
for the railroad vehicle equipped with the door switch
make it possible to certainly detect whether the double
doors are at the full-closed positions, without needing
another switch.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

Fig. 1 is a general view of a door opening/closing
device according to an embodiment of the present
invention.

Fig. 2 is an enlarged view of a door switch and its
surroundings of the door opening/closing device
shown in Fig. 1.
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Fig. 3 shows the door switch of Fig. 2 when the ve-
hicle is viewed from the front in the direction in par-
allel to the opening/closing directions of the doors .
Fig. 4 shows the details of the door switch of Fig. 2.
Fig. 5 shows the state in which no biasing force is
exerted to the door switch of Fig. 4.

Fig. 6is a schematic view for explaining the operation
of the door switch shown in Fig. 2.

Fig. 7 is a schematic view for explaining a first mod-
ification of the present embodiment.

Fig. 8 is aschematic view for explaining the operation
of a second modification of the present embodiment.
Fig. 9is a schematic view for explaining the operation
of the second modification of the present embodi-
ment.

Fig. 10 is a schematic view for explaining the oper-
ation of a third modification of the present embodi-
ment.

Fig. 11 is a schematic view of a fourth modification
of the present embodiment.

DESCRIPTION OF EMBODIMENTS

[0020] The following will describe an embodiment of
the present invention with reference to figures.

<Structure of Door Opening/Closing Device>

[0021] Fig. 1 is a general view of a door opening/clos-
ing device 1 according to an embodiment of the present
invention.

The door opening/closing device 1 is fixed to a side wall
of the main body of a railroad vehicle via a base plate 2.
The door opening/closing device 1 opens and closes a
pair of double doors (door 100a and door 100b) by using
arack-and-pinion mechanism. The doors 100a and 100b
are flat plate-shaped doors arranged to fully cover an
entrance made through a side wall of the main body of
the railroad vehicle, when the doors are at the full-closed
state. The rack-and-pinion mechanism is arranged to in-
clude a pair of racks 3a and 3b extending along the front-
back directions of the vehicle and an unillustrated pinion
engaged with the respective racks 3a and 3b.

[0022] The door opening/closing device 1 includes an
unillustrated direct-drive electric motor which can rotated
both forward and backward and is fixed to the vehicle
main body and a planetary gear mechanism 4 which
transfers the rotation of the electric motor to the rack-
and-pinion mechanism. As the electric motor is driven,
the pinion is rotated via the planetary gear mechanism 4
and the pair of racks 3a and 3b engaged with the pinion
are moved in opposite directions.

[0023] The pair of racks 3a and 3b are connected to
the door 100a and the door 100b, respectively, via a con-
necting mechanism. The connecting mechanism in-
cludes rack-side brackets 5a and 5b fixed to the leading
ends of the respective racks 3a and 3b, rail components
6a and 6b fixed to the respective rack-side brackets 5a
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and 5b, and door-hanging brackets 7a and 7b fixed to
the respective rail components 6a and 6b.

The rail components 6a and 6b are guided in directions
in parallel to the movement directions of the rack-side
brackets 5a and 5b, by guide rails 8a and 8b which are
fixed to the vehicle main body. Each of the door-hanging
brackets 7a and 7b is fixed to the door 100a or 100b at
two parts of the upper end portion.

[0024] According to the arrangement above, the elec-
tric motor of the door opening/closing device 1 rotates
the pinion in one direction so that the rack 3b moves
toward the front of the vehicle (i.e., to the right in Fig. 1
and Fig. 2), with the result that the door 100b moves
toward the front of the vehicle. At the same time, the rack
3a moves toward the rear of the vehicle (i.e., to the left
in Fig. 1 and Fig. 2), and hence the door 100a moves
rearward. In other words, as the electric motor of the door
opening/closing device 1 rotates the pinion in said one
direction, the door 100a and the door 100b simultane-
ously move in the opening directions (indicated by the
arrows X1 in Fig. 1 and Fig. 2). On the other hand, as
the electric motor of the door opening/closing device 1
rotates the pinion in a direction opposite to said one di-
rection, the door 100a and the door 100b simultaneously
move in the closing directions (indicated by the arrows
X2 in Fig. 1 and Fig. 2).

[0025] As such, the door opening/closing device 1 car-
ries out the opening and closing operations of the door
100a and the door 100b.

[0026] It is noted that the doors may not be opened
and closed by using the rack-and-pinion mechanism. The
opening/closing of the doors may be carried out by con-
necting an electric motor with doors by a belt, may be
carried out by using ball screws, may be carried out by
using a linear motor, or may be carried out by using fluid
such as air or oil.

[0027] The door opening/closing device 1 is provided
with a door switch 10 which can detect whether both of
the door 100a and the door 100b are completely closed.
The door switch 10 is provided at an upper part of the
central portion of the entrance in the vehicle front-back
directions (i.e., below the planetary gear mechanism 4),
via a base plate 9. That is to say, the door switch 10 is
arranged to locate above the anterior door ends of the
respective doors 100a and 100b at the full-closed posi-
tions.

<Structure of Door Switch>

[0028] Fig. 2is an enlarged view of the door switch 10
and its surroundings of the door opening/closing device
1 shown in Fig. 1. Fig. 3 shows the door switch 10 of Fig.
2 when the vehicle is viewed from the front (i.e., from the
bush 35 side) in the direction in parallel to the opening/
closing directions of the doors 100a and 100b . Fig. 4(a)
shows the door switch 10 when viewed from the opposite
side of the base plate 9. In Fig. 4(a), a part of a main
body casing 21 of a limit switch 20 is omitted to show the
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internal structure of the limit switch 20. Fig. 4(b) shows
the door switch 10 of Fig. 4(a) when viewed in the direc-
tion indicated by the arrow A.

[0029] As shownin Fig. 2, the door switch 10 includes
alimit switch 20 and a box-shaped switch casing 30 hous-
ing the limit switch 20 therein.

[0030] Asshownin Fig. 3, the switch casing 30 is fixed
to the base plate 9 via the rail 40.

As shown in Fig. 3 and Fig. 4, the rail 40 is fixed to the
base plate 9 to extend in parallel to the opening/closing
directions of the doors 100a and 100b. To a bottom plate
31 of the switch casing 30, a guide component 32 is fixed
to be engaged with the rail 40. This guide component 32
is movable along the sliding rail 40 when engaged with
the sliding rail 40. The switch casing 30 can therefore
move in parallel to the opening/closing directions of the
doors 100a and 100b, along the rail 40. Furthermore, in
the present embodiment, the side of the switch casing
30 opposite to the bottom plate 31 is arranged to be open
for the sake of easy maintenance of the limit switch 20.
[0031] As shown in Fig. 4, the limit switch 20 includes
a main body casing 21 which can house a detection
mechanism therein and a rod 22 which protrudes from
the main body casing 21. The rod 22 is supported by the
main body casing 21 such that the leading end side and
the base end side of the rod 22 are inserted respectively
to through holes 21a and 21b made through the main
body casing 21 and hence the rod 22 is movable in the
axial directions with respect to the main body casing 21.
When the leading end of the rod 22 is pushed into the
main body casing 21 for a predetermined degree, a de-
tection signal is output. (Fig. 4 shows the state in which
the rod 22 has been pushed into the case. See Fig. 5 for
the state in which the rod 22 is not pushed into the case.)
[0032] More specifically, the rod 22 has an enlarged
diameter portion 22a at a central part in the axial direc-
tions. This enlarged diameter portion 22a is formed to
have a larger diameter than the leading end side and the
base end side of the rod. Between the enlarged diameter
portion 22a and the main body casing 21 is provided a
spring 23. This spring 23 is provided to wrap the base
end side of the rod 22 and biases the enlarged diameter
portion 22a toward the leading end in the axial direction.
Furthermore, a pair of plates 24 protrude from the en-
larged diameter portion 22a in the directions orthogonal
to the axial directions. Inside the main body casing 21 is
a space in which the plates 24 can move for a predeter-
mined distance in parallel to the axial directions of the
rod 22. Furthermore, a pair of electrodes 25 are provided
to oppose the pair of plates 24 in the axial direction toward
the base end of the rod 22. A predetermined electrical
circuitis constructed such that the electrodes 25 are elec-
trically connected with each other and a detection signal
is output as the pair of plates 24 contact the pair of elec-
trodes 25.

With this, when the leading end of the rod 22 is biased
in the axial direction and the rod 22 moves for a prede-
termined distance toward the base end against the bias-
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ing force of the spring 23, the pair of plates 24 contact
the pair of electrodes 25, with the result that a detection
signal is output to the control unit of the door opening/
closing device 1.

[0033] The door opening/closing device 1 includes a
control unit constituted by components such as a micro
computer having a CPU and a memory. The detection
signal output from the limit switch 20 is input to the control
unit via a wire connector 37 and an unillustrated wire.
The control unit controls the opening/closing mechanism
of the doors and the locking unit of the doors, based on
the detection signal.

[0034] The limit switch 20 is provided in the switch cas-
ing 30 such that the leading end of the rod 22 penetrates
a through hole 33a made through the side wall 33 of the
switch casing 30 and protrudes from the switch casing
30. The limit switch 20 is fixed to the bottom plate 31 of
the switch casing 30 by a bolt or the like. The limit switch
20 is arranged so that the shaft of the rod 22 extends in
parallel to the rail 40.

[0035] Inaddition tothe above, onthe external surface
of the side wall 34 which is on the opposite side of the
side wall 33 of the switch casing 30 through which the
through hole 33a penetrated by the rod 22 is formed, a
disc-shaped bush 35 is fixed. This bush 35 is made of a
material such as rubber, which has a lower rigidity than
the side wall 34. While the present embodiment is ar-
ranged so that the bush 35 is made of rubber to prevent
excessive impact on the door switch 10 at the timing of
contacting the doors, the bush 35 may be made of a metal
because of the presence of a later-described damper
mechanism in the present embodiment, or may be omit-
ted when adverse effects such as the deformation of the
side wall 34 are not expected.

[0036] AsshowninFig.2,inthe vicinities of the anterior
door ends at the upper end portions of the doors 100a
and 100b, supporting components 51a and 51b are fixed
to extend upward. To the supporting components 51a
and 51b, biasing shafts 52a and 52b are attached to ex-
tend in parallel to the opening/closing directions of the
doors 100a and 100b.

[0037] The biasing shaft 52a attached to the door 100a
on the leading end side of the rod 22 when viewed from
the door switch 10 is arranged to be substantially coaxial
with the rod 22. To the leading end of the biasing shaft
52a (i.e., the edge opposing the leading end of the rod
22), a biasing plate 53a is fixed to be orthogonal to the
biasing shaft 52a. When the door 100a moves in the clos-
ing direction, the biasing plate 53a biases the leading
end of the rod 22.

[0038] The biasing shaft52b attached to the door 100b
which is on the bush 35 side when viewed from the door
switch 10 is arranged to be substantially coaxial with the
central axis of the disc-shaped bush 35. To the leading
end of the biasing shaft 52b (i.e., the edge opposing the
bush 35), a biasing plate 53b is fixed to be orthogonal to
the biasing shaft 52b. When the door 100b moves in the
closing direction, the biasing plate 53b biases the bush
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35.

[0039] Each of the biasing shafts 52a and 52b is pro-
vided with a damper mechanism. The damper mecha-
nism has a function to dampen the impact caused when
the biasing plates 53a and 53b contact the leading end
of the rod 22 or the bush 35 as a result of the movement
of the doors in the closing directions. While in the present
embodiment the damper mechanism is constituted by a
spring, the damper mechanism may be a combination of
a spring and a shock absorber or made of rubber, on
condition that the excessive impact on the door switch
10 at the time of the contact to the door is dampened.

<Operation of Door Switch>

[0040] Fig. 6 is a schematic view for illustrating the
operation of the door switch 10.

It is noted that the components described in the embod-
iment correspond to the components schematically
shown in Fig. 6 as follows.

The biasing shafts 52a and 52b and the biasing plates
53a and 53b shown in Fig. 2 are equivalent to biasing
components 55a and 55b in Fig. 6. The rod 22 and the
pair of plates 24 shown in Fig. 4 are equivalent to a rod
unit 26 in Fig. 6 which includes a rod 26a and a detection
target portion 26b. The spring 23 shown in Fig. 4 is equiv-
alenttoaspring 27 in Fig. 6 . The switch casing 30 shown
in Fig. 4 is equivalent to a switch casing 36 in Fig. 6. The
pair of electrodes 25 shown in Fig. 4 is equivalent to a
detection unit 28 in Fig. 6.

[0041]

Fig. 6(a) shows a state in which two double doors
are correctly conducting the closing operation (i.e. a
state in which the door 100a has not reached the
full-closed position and the door 100b has not
reached the full-closed position, either).

Fig. 6(b) shows a state in which the two doors cor-
rectly conduct the closing operation and have
reached the full-closed positions.

Fig. 6(c) shows a state in which, due to a failure in
the door opening/closing device 1, only one of the
two double doors, i.e., only the door 100a has
reached the full-closed position.

Fig. 6(d) shows a state in which, due to a failure in
the door opening/closing device 1, only the other one
of the two double doors, i.e., only the door 100b has
reached the full-closed position.

[0042] As shown in Fig. 6(a), when the two doors are
away from the full-closed positions for predetermined dis-
tances, the biasing components 55a and 55b fixed to the
respective doors 100a and 100b do not contact the door
switch 10. In this state, the detection unit 28 is away from
the detection target portion 26b on account of the biasing
force of the spring 27.

As the doors 100a and 100b in the state shown in Fig. 6
(a) furthermove in the closing directions, the biasing com-
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ponents 55a and 55b fixed to the respective doors 100a
and 100b move to approach each other (i.e. move in the
directions indicated by the arrows X2 in Fig. 6), and con-
sequently the biasing components 55a and 55b contact
the leading end of the rod 26a and the switch casing 36,
almost at the same time (as indicated by two-dot chain
lines in Fig. 6(a)).

Furthermore, as the doors 100a and 100b move in the
closing directions, the rod unit 26 is moved by the biasing
force of the biasing component 55a in the same direction
as the movement of the biasing component 55a, against
the biasing force of the spring 27 (see Fig. 6(b)).

On the other hand, the switch casing 36 is moved by the
biasing force of the biasing component 55b on the sliding
rail 40 (not shown in Fig. 6) in the same direction as the
movement of the biasing component 55b, against the
biasing force of the spring 27.

That is to say, as the doors 100a and 100b move in the
closing directions, the spring 27 is deformed and con-
tracts, with the result that the relative positions of the rod
unit 26 and the switch casing 36 are changed so that the
distance between the detection target portion 26b and
the detection unit 28 is shortened.

[0043] AsshowninFig.6(b), whenthe both doors 100a
and 100b reach the full-closed positions, the detection
target portion 26b of the rod unit 26 contacts the detection
unit 28. As the detection target portion 26b contacts the
detection unit 28, a detection signalis output to the control
unit of the door opening/closing device 1. Receiving the
detection signal, the control unit determines that the
doors are fully closed, and operates the locking unit to
prevent the doors from moving in the opening directions.
More specifically, for example, the detection signal ex-
cites the solenoid and hence the locking shaft attached
to the solenoid is engaged with the doors 100a and 100b,
with the result that the movement of the doors 100a and
100b in the opening directions is prevented. In so doing,
the control unit may stop the operation of the electric
motor which is used for rotating the pinion of the door
opening/closing device 1.

[0044] As shown in Fig. 6(c), when the closing opera-
tion of the door 100b stops during movement of the doors
100a and 100b in the closing directions, only the door
100a moves in the closing direction and the door switch
10 is biased only by the biasing component 55a fixed to
this door 100a. In short, only the rod unit 26 is directly
biased in this case.

As only the rod unit 26 is directly biased as above, the
switch casing 36 moves along the sliding rail 40 in the
same direction as the movement of the biasing compo-
nent 55a. In this case, the spring 27 rarely contracts and
the distance between the detection target portion 26b
and the detection unit 28 remains almost the same as
the distance in the state shown in Fig. 6(a).

For this reason, no detection signal is output from the
door switch 10 when the door 100b is not fully closed.
[0045] Similarly, as shown in Fig. 6(d), when the clos-
ing operation of the door 100a stops during the movement
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of the doors 100a and 100b in the closing directions, only
the door 100b moves in the closing direction and only
the biasing component 55b fixed to this door 100b biases
the door switch 10. In short, only the switch casing 36 is
directly biased in this case.

As such, since only the switch casing 36 is directly biased,
the switch casing 36 and the rod unit 26 move along the
sliding rail 40 in the same direction as the movement of
the biasing component 55b. In this case, the spring 27
rarely contracts and the distance between the detection
target portion 26b and the detection unit 28 remains al-
most the same as the distance in the state shown in Fig.
6(a).

For this reason, no detection signal is output from the
door switch 10 when the door 100a is not fully closed.

<Effects of Embodiment>

(1)

[0046] As described above, the door opening/closing
device 1 according to the present embodiment is provid-
ed with the door switch 10.

This door switch 10 is a door switch for a railroad vehicle
attached to a railroad vehicle having double doors 100a
and 100b, and includes: a rod 22 (first passive compo-
nent) which is provided to be movable relative to a base
plate 9 (vehicle main body) and is biased when one door
100a moves in the full-closed position; a switch casing
30 (second passive component) which is arranged to be
movable relative to the base plate 9 and the rod 22 and
is biased when the other door 100b moves in the full-
closed position; an electric circuit (detection unit) which
outputs a detection signal when the rod 22 and the switch
casing 30 take predetermined relative positions and a
pair of plates 24 fixed to the rod 22 contact a pair of
electrodes 25 fixed to the switch casing 30; and a spring
23 (biasing member) which biases the rod 22 and the
switch casing 30 to prevent the rod 22 and the switch
casing 30 from taking the predetermined relative posi-
tions (i.e., the relative positions when the plates 24 con-
tact the electrodes 25). The aforesaid predetermined rel-
ative positions are the relative positions of the rod 22 and
the switch casing 30 when the rod 22 and the switch
casing 30 are biased by the biasing plates 53a and 53b
of two double doors 100a and 100b against the biasing
force of the spring 23 and both of the two doors 100a and
100b reach the full-closed positions.

[0047] According to this arrangement, when only one
of the doors 100a and 100b reaches the full-closed po-
sition whereas the other door has not reached the full-
closed position, the rod 22 and the switch casing 30 do
not take the aforesaid predetermined relative positions
because of the biasing force of the spring 23, and hence
the plates 24 do not contact the electrodes 25. No de-
tection signal is therefore output from the door switch 10
to the control unit.

This makes it possible to certainly detect whether the
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double doors 100a and 100b are both at the full-closed
positions, without requiring another switch.

()

[0048] Inthe door switch 10, the rod 22 and the switch
casing 30 are arranged to be able to move in parallel to
the opening/closing directions of the doors 100a and
100b, with respect to the base plate 9.

[0049] According to this arrangement, it is possible to
provide the door switch 10 in a space which extends in
directions in parallel to the opening/closing directions of
the doors 100a and 100b.

This makes it possible to provide the door switch 10 in a
space which is below the door driving mechanism (the
electric motor, the planetary gear mechanism 4, the rack-
and-pinion mechanism, or the like) and is between the
door-hanging bracket 7a fixed to the anterior door end
side of the door 100a and the door-hanging bracket 7b
fixed to the anterior door end side of the door 100b when
the doors 100a and 100b are at the full-closed positions.

©)

[0050] The doorswitch 10is provided with alimit switch
20.

The limit switch 20 includes a rod 22, a switch casing 30
supporting the rod 22 to be axially movable, a spring 23
(elastic component) provided between the rod 22 and
the switch casing 30, and an electric circuit (detection
unit) which outputs a detection signal when the rod 22
moves for a predetermined distance with respect to the
switch casing 30 against the elastic force of the spring
23 and a pair of plates 24 attached to the rod 22 contact
a pair of electrodes 25.

The limit switch 20 is arranged to be movable with respect
to the base plate 9 in directions in parallel to the axial
movement of the rod 22 with respect to the switch casing
30. As the biasing plate 53a attached to one door 100a
biases the rod 22 and the biasing plate 53b attached to
the other door 100b biases the switch casing 30, the rod
22 moves with respect to the switch casing 30 against
the elastic force of the spring 23. When both of the two
doors 100a and 100b reach the full-closed positions, the
rod 22 moves for the predetermined distance with respect
to the switch casing 30 so that the pair of plates 24 contact
the pair of electrodes 25.

[0051] According to this arrangement, whether the
double doors are at the full-clased positions is certainly
detected by using the limit switch 20 which outputs a
detection signal when the rod 22 has moved for the pre-
determined distance with respect to the switch casing 30
against the elastic force of the spring 23. This ensures
the reliability of the door switch 10 because a conven-
tional multi-purpose limit switch, which is highly reliable,
is usable as the door switch 10.
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(4)

[0052] The above-described door opening/closing de-
vice 1 having the door switch 10 includes a control unit
which receives a detection signal output from the door
switch 10. Receiving the detection signal from the door
switch 10, the control unit drives the locking unit so as to
lock the doors 100a and 100b at the full-closed positions.
[0053] According to this arrangement, whether the
double doors 100a and 100b are at the full-closed posi-
tions is certainly detected, and the detection signal output
from the limit switch 20 is usable as a signal for deter-
mining the timing to lock the doors 100a and 100b.

It is therefore possible to prevent the locking unit from
being mistakenly driven when at least one of the doors
100a and 100b has not reached the full-closed position.
[0054] Inthe present embodiment, the relative moving
distance of the rod 22 with respect to the switch casing
30 is advantageously long. That is to say, as shown in
Fig. 6, the moving distance of the door 100a from the
timing at which the biasing component 55a starts to con-
tact the rod unit 26 (i.e., the state where the biasing com-
ponent 55a is at the position indicated by two-dot chain
lines in Fig. 6(a)) to the timing at which the door 100a
reaches the full-closed position (i.e., the state shown in
Fig. 6(b)) is half as long as the relative moving distance
of the rod unit 26 with respect to the switch casing 3 6
(i.e., the degree of deformation of the spring 27).

On this account, a thin matter caught in between the clos-
ing doors 100a and 100b is detectable without increasing
the sensitivity of the sensor. In other words, it is possible
to prevent a detection signal indicating that the doors
100a and 100b are closed from being erroneously output,
when a foreign matter is caught in between the closing
doors 100a and 100b and hence the doors 100a and
100b are not completely closed.

(First Modification)

[0055] The embodiment may be modified as below.
Fig. 7 is a schematic view for explaining a first modifica-
tion of the embodiment above. A door opening/closing
device of the first modification is different from the device
of the embodiment above in terms of the structure of the
door switch. The following will therefore describe only
the structure of the door switch and will not detail the
otherarrangements. Itis noted that the componentsiden-
tical with those in the embodiment above will be denoted
by the same reference numerals.

[0056] As shown in Fig. 7, a door switch 11 of the first
modification includes a switch casing 61, two rods 62 and
63 provided so that the base end sides thereof are
housed in the switch casing 61, springs 64 and 65 pro-
vided between the base ends of the rods 62 and 63 and
the internal surface of the switch casing 61, a magnet 66
fixed to one rod 62, and a magnetic sensor 67 fixed to
the other rod 63.

[0057] In addition to the above, biasing components
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56a and 56b are provided to oppose the respective rods
62 and 63 in the opening/closing directions of the doors.
The biasing components 56a and 56b are connected to
the respective doors 100a and 100b and move in accord-
ance with the movement of the doors 100a and 100b.
[0058] The switch casing 61 is directly fixed to a base
plate 9. In other words, the switch casing 61 is fixed so
as not to move relative to the vehicle main body.
[0059] The rod 62 is arranged so that its leading end
protrudes from the switch casing 61 whereas its base
end is housed in the switch casing 61. The rod 62 is
arranged to be movable in the axial directions with re-
spect to the switch casing 61. The moving directions of
therod 62 are in parallel to the opening/closing directions
of the doors.

Between the rod 62 and the switch casing 61 is provided
a spring 64. The spring 64 biases the rod 62 from the
base end side to the leading end side.

To the rod 62, the magnet 66 is fixed at a central portion
of the rod 62 in the axial directions. This magnet 66 is
fixed to the rod 62 to oppose the rod 63 side.

As the door 100a conducts the closing operation and the
biasing component 56a moves in the closing direction,
the biasing component 56a biases the leading end of the
rod 62.

[0060] The rod 63 is arranged so that its leading end
protrudes from the switch casing 61 in the opposite di-
rection to the rod 62 and its base end is housed in the
switch casing 61. The rod 63 is arranged to be movable
in the axial directions with respect to the switch casing
61. The moving directions of the rod 63 are in parallel to
the opening/closing directions of the doors.

The rod 63 is at the substantially same position as the
rod 62 in the direction orthogonal to the base plate 9 (i.e.,
the direction away from the viewer of Fig. 7) . In other
words, the rods 62 and 63 are arranged so that the central
axis of the rod 62 and the central axis of the rod 63 are
on a single linear line when viewed in the vertical direc-
tion.

Between the rod 63 and the switch casing 61 is provided
a spring 65. This spring 65 biases the rod 63 from the
base end side to the leading end side.

To the rod 63, a magnetic sensor 67 is fixed at a central
portion of the rod 63 in the axial directions. This the mag-
netic sensor 67 is fixed to the rod 63 to oppose the rod
62 side.

As the door 100b conducts the closing operation and the
biasing component 56b moves in the closing direction,
the biasing component 56b biases the leading end of the
rod 63.

[0061] As shown in Fig. 7(a), when neither of the rods
62 and 63 is biased by the biasing components 56a and
56b, the rod 62 is retained in the state in which the rod
has been moved to the biasing component 56a side by
the biasing force of the spring 64 whereas the rod 63 is
retained in the state in which the rod has been moved to
the biasing component 56b side by the biasing force of
the spring 65. For this reason, the magnet 66 is disposed
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not to oppose the magnetic sensor 67.

[0062] Asthe doors 100aand 100b further move in the
closing directions, the biasing component 56a contacts
the rod 62 and the biasing component 56b contacts the
rod 63, with the result that the rod 62 is moved toward
the biasing component 56b side by the biasing force of
the biasing component 56a against the biasing force of
the spring 64 whereas the rod 63 is moved toward the
biasing component 56a side by the biasing force of the
spring 65 against the biasing force of the biasing com-
ponent 56b.

[0063] Subsequently, as shown in Fig. 7(b), the two
doors 100a and 100b correctly conduct the closing op-
erations. When both of the doors reach the full-closed
positions, the magnet 66 opposes the magnetic sensor
67. In other words, the distance between the magnet 66
and the magnetic sensor 67 becomes the shortest.

The magnetic sensor 67 detects a magnetic force of the
magnet 66 when the magnet 66 falls within a predeter-
mined range around the sensor (hereinafter, the detec-
tion range of the magnetic sensor 67), and outputs a de-
tection signal to the control unit of the door opening/clos-
ing device. In the present modification, the distance be-
tween the rods 62 and 63 is adjusted so that the magnet
66 falls within the detection range of the magnetic sensor
67 only when the magnet 66 opposes the magnetic sen-
sor 67 (i.e., only when the distance between the magnet
66 and the magnetic sensor 67 becomes the closest).
For this reason, the magnetic sensor 67 outputs the de-
tection signal only when both of the two doors 100a and
100b reach the full-closed positions.

[0064] Therefore, as shownin Fig. 6(c), when only one
door 100a reaches the full-closed position whereas the
other door 100b stops halfway due to a failure in the door
opening/closing device 1, the magnetic sensor 67 and
the magnet 66 do not oppose each other and hence the
magnetic sensor 67 does not output the detection signal.
Similarly, as shown in Fig. 6(d), when only one door 100b
reaches the full-closed position whereas the other door
100a stops halfway due to a failure in the door opening/
closing device 1, the magnetic sensor 67 and the magnet
66 do not oppose each other and hence the magnetic
sensor 67 does not output the detection signal.

(Effects of First Modification)

[0065] Asdescribed above, adoorswitch 11 according
to the first modification includes a rod 62 (first passive
component) which is provided to be movable relative to
a base plate 9 (vehicle main body) and is biased when
one door 100a moves toward the full-closed position, a
rod 63 (second passive component) which is provided to
be movable relative to the base plate 9 and the rod 62
and is biased when the other door 100b moves toward
the full-closed position, a magnetic sensor 67 (detection
unit) which outputs a detection signal when the rod 62
and the rod 63 take predetermined relative positions and
the magnet 66 gets close to a detection range, and
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springs 64 and 65 (biasing members) which bias the rod
62 and the rod 63 to prevent the rod 62 and the rod 63
from taking the predetermined relative positions (i.e., the
relative positions at which the magnet 66 falls within the
detection range of the magnetic sensor 67). The afore-
said predetermined relative positions are relative posi-
tions of the rod 62 and the rod 63 when both of the two
doors 100a and 100b have moved to the full-closed po-
sitions while the rod 62 and the rod 63 are biased by the
biasing components 56a and 56b attached to the doors
100a and 100b against the biasing forces of the springs
64 and 65.

[0066] According to this arrangement, when only one
of the doors 100a and 100b reaches the full-closed po-
sition whereas the other door has not reached the full-
closed position, the rod 62 and the rod 63 do not take
the aforesaid predetermined relative positions on ac-
count of the biasing forces of the springs 64 and 65, and
hence the magnet 66 does not fall within the detection
range of the magnetic sensor 67. No detection signal is
therefore output to the control unit of the magnetic sensor
67.

This makes it possible to certainly detect whether both
of the double doors 100a and 100b are at the full-closed
positions, without requiring another switch.

(Second Modification)

[0067] The embodimentabove may be modified as be-
low.

Fig. 8 and Fig. 9 are schematic views of a second mod-
ification of the embodiment above. A door opening/clos-
ing device according to the second modification is differ-
ent from the device in the embodiment above in terms of
the structure of the door switch. The following will there-
fore describe only the structure of the door switch and
will not detail the other arrangements. The components
identical with those in the embodiment above will be de-
noted by the same reference numerals.

[0068] As shownin Fig. 8, a door switch 12 of the sec-
ond moadification includes a shaft 71 which is fixed to a
base plate 9 and extends orthogonal to the base plate 9,
a fan-shaped plate-like first rotatable component 72
which is arranged to be in parallel to the base plate 9 and
to be rotatable about the shaft 71, a long plate-shaped
second rotatable component 73 which is arranged to
overlap the first rotatable component 72 and to be rotat-
able about the shaft 71, a spring 74 provided between
the first rotatable component 72 and the second rotatable
component 73, a magnetic sensor 75 attached to the first
rotatable component 72, a magnet 76 attached to the
second rotatable component 73, a first stopper 77 which
is fixed to the base plate 9 to prevent the rotation of the
first rotatable component 72 (i.e. , the rotation in the di-
rection indicated by the arrow R1 in Fig. 8), and a second
stopper 78 which is fixed to the base plate 9 to prevent
the rotation of the second rotatable component 73 (i.e.,
the rotation in the direction indicated by the arrow R2 in
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Fig. 8).

To the doors 100a and 100b, stick-shaped biasing com-
ponents 57a and 57b extending in parallel to the opening/
closing directions of the doors are fixed via the supporting
components 51a and 51b.

[0069] The first rotatable component 72 is rotatably
connected to the shaft 71, at a part close to the center
of the fan. The magnetic sensor 75 is fixed to a point
whichis near the arc edge of the fan-shapedfirstrotatable
component 72 and is near the linear edge on the side
opposite to the linear edge that the first stopper 77 con-
tacts.

[0070] The second rotatable component 73 is a long
plate-shaped component whose length is substantially
identical with the diameter of the first rotatable compo-
nent 72. This second rotatable component 73 is rotatably
connected to a part of the shaft 71 in the vicinity of one
end, whereas the magnet 76 is fixed to a part of the shaft
71 in the vicinity of the other end. The second rotatable
component 73 is arranged so that the distance between
the shaft 71 and the magnet 76 is identical with the dis-
tance between the shaft 71 and the magnetic sensor 75.
[0071] An end of the spring 74 is fixed to a part of the
first rotatable component 72, which part is in the vicinity
of the linear edge contacting the first stopper 77 and sub-
stantially at a central part of the first rotatable component
72 in the radial directions. The other end of the spring 74
is fixed to a substantially central part of the second ro-
tatable component 73 in the longitudinal directions. The
spring 74 biases the first rotatable component 72 to rotate
the component in one direction about the shaft 71 (i.e.,
in the counterclockwise direction in Fig. 8, as indicated
by the arrow R1), and also biases the second rotatable
component 73 to rotate the component in the other di-
rection about the shaft 71 (i.e., in the clockwise direction
in Fig. 8, as indicated by the arrow R2).

[0072] Therefore, when no external force (which is not
exerted by the spring 74) is exerted to the first rotatable
component 72 and the second rotatable component 73,
as shown in Fig. 8(a), the first rotatable component 72 is
retained to contact the first stopper 77 whereas the sec-
ond rotatable component 73 is retained to contact the
second stopper 78.

In this state, the magnetic sensor 75 and the magnet 76
are away form each other in the directions along the outer
circumference of the shaft 71.

[0073] As the biasing components 57a and 57b move
in the closing directions on account of the closing oper-
ations of the doors 100a and 100b, as shown in Fig. 8
(b), the biasing components 57a and 57b contact the
edge portions of the first rotatable component 72 and the
second rotatable component 73, respectively. More spe-
cifically, the biasing component 57a contacts the edge
portion of the first rotatable component 72, which linearly
extends in the radial directions. On the other hand, the
biasing component 57b contacts the edge portion of the
second rotatable component 73, which linearly extends
in the longitudinal directions.
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[0074] In addition to the above, as the biasing compo-
nents 57a and 57b move in the closing directions, the
firstrotatable component 72 is biased by the biasing com-
ponent 57a and rotates about the shaft 71 away from the
first stopper 77 (i.e., in the direction indicated by the arrow
R2 in Fig. 8), against the biasing force of the spring 74.
Furthermore, the second rotatable component 73 is bi-
ased by the biasing component 57b and rotates about
the shaft 71 away from the second stopper 78 (i.e., in the
direction indicated by the arrow R1 in Fig. 8), against the
biasing force of the spring 74.

In other words, as the biasing components 57a and 57b
move in the closing directions, the magnetic sensor 75
and the magnet 76 move to approach each other.
[0075] When the two doors 100a and 100b correctly
conduct the closing operation and reach the respective
full-closed positions, as shown in Fig. 8(c), the magnetic
sensor 75 overlaps the magnet 76. In other words, the
distance between the magnet 76 and the magnetic sen-
sor 75 becomes the shortest.

The magnetic sensor 75 detects a magnetic force of the
magnet 76 when the magnet 75 falls within a predeter-
mined range around the sensor (hereinafter, the detec-
tion range of the magnetic sensor 75), and outputs a de-
tection signal to the control unit of the door opening/clos-
ing device. In the present modification, the distance be-
tween the first rotatable component 72 and the second
rotatable component 73 (in the directions in parallel to
the shaft 71) is adjusted so that the magnet 76 falls within
the detection range of the magnetic sensor 75 only when
the magnet 76 overlaps the magnetic sensor 75 (i.e., only
when the distance between the magnet 76 and the mag-
netic sensor 75 becomes the shortest).

For this reason, the magnetic sensor 75 outputs the de-
tection signal only when both of the two doors 100a and
100b are at the full-closed positions.

[0076] Therefore, as showninFig.9(a), when only one
door 100a reaches the full-closed position whereas the
other door 100b stops halfway due to a failure in the door
opening/closing device 1, the magnetic sensor 75 does
not overlap the magnet 76 and hence no detection signal
is output from the magnetic sensor 75.

Similarly, as shown in Fig. 9(b), when only one door 100b
reaches the full-closed position whereas the other door
100a stops halfway due to a failure in the door opening/
closing device 1, the magnetic sensor 75 does not over-
lap the magnet 76 and hence no detection signal is output
from the magnetic sensor 75.

(Effects of Second Modification)

(1)

[0077] Asdescribedabove, adoorswitch 12 according
to the second modification includes a first rotatable com-
ponent 72 (first passive component) which is provided to
be rotatable relative to a base plate 9 (vehicle main body)
and is biased when one door 100a moves toward the full-



19 EP 2 447 130 A1

closed position, a second rotatable component 73 (sec-
ond passive component) which is provided to be rotatable
relative to the base plate 9 and the first rotatable com-
ponent 72 and is biased when the other door 100b moves
toward the full-closed position, a magnetic sensor 75 (de-
tection unit) which outputs a detection signal when the
first rotatable component 72 and the second rotatable
component 73 take predetermined relative positions and
the magnet 76 gets close to a detection range, and a
spring 74 (biasing member) which biases the first rotat-
able component 72 and the second rotatable component
73 to prevent the first rotatable component 72 and the
second rotatable component 73 from taking the prede-
termined relative positions (i.e., the relative positions at
which the magnet 76 falls within the detection range of
the magnetic sensor 75) . The predetermined relative po-
sitions are relative positions of the first rotatable compo-
nent 72 and the second rotatable component 73 when
the first rotatable component 72 and the second rotatable
component 73 are biased by the biasing components 57a
and 57b attached to the double doors 100a and 100b
against the biasing force of the spring 74 and eventually
both of the two doors 100a and 100b reach the full-closed
positions.

[0078] According to this arrangement, when only one
of the two doors 100a and 100b reaches the full-closed
position whereas the other door has not reached the full-
closed position, the biasing force of the spring 74 pre-
vents the first rotatable component 72 and the second
rotatable component 73 from taking the aforesaid relative
positions, with the result that the magnet 76 does not fall
within the detection range of the magnetic sensor 75 and
no detection signal is output from the magnetic sensor
75 to the control unit.

This makes it possible to certainly detect whether both
of the double doors 100a and 100b are at the full-closed
positions, without requiring another switch.

)

[0079] Inthe door switch 12, the first rotatable compo-
nent 72 and the second rotatable component 73 are ro-
tatably attached to the shaft 71 (rotation axis) which is
fixed to the base plate 9, and the shaft 71 extends in the
directions vertical to the flat plate-shaped doors 100a and
100b (i.e., in the width directions of the vehicle).

[0080] The first rotatable component 72 and the sec-
ond rotatable component 73 are formed to be flat plates
and arranged so that the width directions of these com-
ponents are in parallel to the shaft 71. This makes it pos-
sible to reduce the size of the door switch 12 in the width
directions of the vehicle.

©)

[0081] Inthedoorswitch 12, whenthe magnetic sensor
75 (first detection unit) attached to the first rotatable com-
ponent 72 and the magnet 76 (second detection unit)
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attached to the second rotatable component 73 take a
predetermined positional relationship, i.e., when the
magnet 76 enters the detection range of the magnetic
sensor 75, the magnetic sensor 75 outputs a detection
signal. The magnetic sensor 75 is provided at a position
further from the shaft 71 than the position on the first
rotatable component 72 at which the biasing force of the
biasing component 57a is exerted. On the other hand,
the magnet 76 is provided at a position further from the
shaft 71 than the position on the second rotatable com-
ponent 73 at which the biasing force of the biasing com-
ponent 57a is exerted.

[0082] According to the arrangement above, as com-
pared to the moving distances of the doors 100a and
100b in the closing directions (i.e. the moving distances
after contacting the first rotatable component 72 and the
second rotatable component 73), the degree of change
in the relative positions of the magnetic sensor 75 and
the magnet 76 is great. With this, a thin matter caught in
between the closing doors 100a and 100b is detectable
without increasing the sensitivity of the sensor. In other
words, it is possible, by a simple structure, to prevent a
detection signal indicating that the doors 100a and 100b
are closed from being erroneously output, when a foreign
matter is caught in between the closing doors 100a and
100b and hence the doors 100a and 100b are not com-
pletely closed.

(Third Modification)

[0083] In addition to the second modification in which
the spring 74 is provided between the first rotatable com-
ponent 72 and the second rotatable component 73, the
arrangement shown in Fig. 10 may be employed.
[0084] According to this arrangement, a first spring
holding unit 81 is fixed in the vicinity of the first stopper
77 on the base plate 9 to protrude from the base plate 9.
Furthermore, in the vicinity of the second stopper 78, a
second spring holding unit 82 is fixed to protrude from
the base plate 9. Between the first spring holding unit 81
and the first rotatable component 72 is provided a first
spring 83. This first spring 83 pulls the first rotatable com-
ponent 72 to cause the first rotatable component 72 to
approach the first stopper 77. Between the second spring
holding unit 82 and the second rotatable component 73
is provided a second spring 84. The second spring 84
pulls the second rotatable component 73 to cause the
second rotatable component 73 to approach the second
stopper 78.

[0085] Therefore, when no external force (which is not
exerted by the spring 74) is exerted to the first rotatable
component 72 and the second rotatable component 73,
as shown in Fig. 10(a), the first rotatable component 72
is retained to contact the first stopper 77 and the second
rotatable component 73 is retained to contact the second
stopper 78.

When both of the two doors reach the full-closed posi-
tions, as shown in Fig. 10(b), the magnetic sensor 75
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overlaps the magnet 76.

[0086] Assuch,the arrangementshownin Fig. 10 also
allows the door switch 12 to output a detection signal
only when both of the two doors reach the respective full-
closed positions.

(Fourth Modification)

[0087] In addition to the third modification in which the
first rotatable component 72 is fan-shaped, the first ro-
tatable component may be L-shaped or V-shaped as in-
dicated by, for example, a first rotatable component 72’
shown in Fig. 11. This reduces the weight of the first
rotatable component 72’ and also reduces the space re-
quired for the rotation of the first rotatable component 72’.
[0088] Furthermore, in addition to the second to fourth
modifications in which the first rotatable component 72
and the second rotatable component 73 share the same
rotation axis (shaft 71), the rotation axis of the first rotat-
able component 72 and the rotation axis of the second
rotatable component 73 may be provided at different lo-
cations, as individual components.

[0089] The embodiment and modifications of the
present invention have been described above. The
present invention, however, is not limited to them and
may be variously changed within the scope of claims.

INDUSTRIAL APPLICABILITY

[0090] The present invention can be used for a door
opening/closing device for closing and opening double
doors and a door switch for detecting whether the double
doors are closed, which are provided in a railroad vehicle.

REFERENCE NUMERALS
[0091]

1 DOOR OPENING/CLOSING DEVICE
10 DOOR SWITCH

22 ROD (FIRST PASSIVE COMPONENT)

23 SPRING (BIASING MEMBER)

30 SWITCH CASING (SECOND PASSIVE COM-
PONENT)

100a, 100b DOOR

62, 63 ROD (FIRST PASSIVE COMPONENT, SEC-
OND PASSIVE COMPONENT)

64,65 SPRING (BIASING MEMBER)

67 MAGNETIC SENSOR (DETECTION UNIT)

72 FIRST ROTATABLE COMPONENT (FIRST
PASSIVE COMPONENT)

73 SECOND ROTATABLE COMPONENT (SEC-
OND PASSIVE COMPONENT)

74 SPRING (BIASING MEMBER)

75 MAGNETIC SENSOR (DETECTION UNIT
FIRST DETECTION UNIT)

76 MAGNET (SECOND DETECTION UNIT)
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Claims

1. Adoor switch for a railroad vehicle, which is installed
in the railroad vehicle having double doors, the door
switch comprising:

a first passive component which is arranged to
be movable relative to a vehicle main body and
is biased when one of the doors moves toward
a full-closed position;

a second passive component which is arranged
to be movable relative to the vehicle main body
and the first passive component and is biased
when the other one of the doors is moves toward
a full-closed position;

a detection unit which outputs a detection signal
when the first passive component and the sec-
ond passive component take predetermined rel-
ative positions;

a biasing member which biases the first passive
component and the second passive component
to prevent the first passive component and the
second passive component from taking the pre-
determined relative positions;

the predetermined relative positions being rela-
tive positions of the first passive component and
the second passive component when the first
passive component and the second passive
component are biased by the double doors
against a biasing force of the biasing member
and both of the double doors eventually reach
the full-closed positions.

2. The door switch according to claim 1, wherein the
first passive component and the second passive
component are arranged to be movable in opening/
closing directions of the doors, with respect to the
vehicle main body.

3. The door switch according to claim 2, further com-
prising:

a limit switch including the first passive compo-
nent, the second passive component movably
supporting the first passive component, an elas-
tic component provided between the first pas-
sive component and the second passive com-
ponent and functioning as the biasing compo-
nent, and the detection unit which outputs the
detection signal when the first passive compo-
nent moves for a predetermined distance with
respect to the second passive component
against an elastic force of the elastic component,
the limit switch being arranged to be movable
with respect to the vehicle main body in direc-
tions in parallel to a direction of movement of
the first passive component with respect to the
second passive component, and
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as one of the doors is biased by the first passive
component and the other one of the doors is
biased by the second passive component, the
first passive component moving with respect to
the second passive component againstthe elas-
tic force of the elastic component, and a moving
distance of the first passive component with re-
spect to the second passive component being
equal to the predetermined distance when both
of the doors reach the full-closed positions.

The door switch according to claim 1, wherein,

the first passive component and the second passive
component are rotatable about a rotation axis which
is fixed to the vehicle main body, and

the rotation axis extends in directions orthogonal to
the flat plate-shaped doors.

The door switch according to claim 4, wherein,

the detection unit outputs the detection signal when
the first detection unit attached to the first passive
component and the second detection unit attached
to the second passive component take a predeter-
mined positional relationship,

the first detection unit is provided at a position further
from the rotation axis of the first passive component
than a position at which the first passive component
is biased by said one of the doors, and

the second detection unit is provided at a position
further from the rotation axis of the second passive
component than a position at which the second pas-
sive component is biased by the other one of the
doors.

A door opening/closing device for a railroad vehicle,
which is used for opening and closing double doors,
the door opening/closing device comprising:

the door switch according to any one of claims
1 to 5; and

a control unit which receives the detection signal
output from the detection unit,

the control unit driving a locking unit for locking
the doors or controlling a drive output for open-
ing and closing the doors, based on the detec-
tion signal.
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