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(57) An abnormality identification device (1) accord-
ing to one aspect of the invention includes: a vibration
obtaining unit (40) obtaining vibration information that in-
dicates a vibration generated during opening and closing
movements of a door leaf (3R, 3L) of a door device (2)
for opening and closing a doorway of a railway vehicle;
a determination unit (42) determining whether there is an
abnormality of the door device (2) by comparing the vi-
bration indicated by the obtained vibration information
with a predetermined vibration reference value; a move-

ment obtaining unit (44) obtaining movement information
that indicates an elapsed time or a displacement of the
door leaf (3R, 3L) of the door device (2) from start of
operation of the door device (2) to a specific point in time
at which abnormality is determined by the determination
unit (42); and an identification unit (46) identifying a com-
ponent related to an operation of the door device (2) at
the specific point in time among a plurality of components
of the door device (2) using the movement information.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an abnormality
identification device, an abnormality identification meth-
od, and a computer-readable storage medium.

BACKGROUND

[0002] A door controller for monitoring door operation
using sensor signals has been known as described, for
example, in Patent Literature 1. The door controller of
Patent Literature 1 converts a time-domain signal pro-
vided by a triaxial accelerometer into a frequency-domain
signal by Fourier transformation, analyzes the amplitude
of the signal at each frequency, and identifies the cause
of a door failure.

RELEVANT REFERENCES

LIST OF RELEVANT PATENT LITERATURE

[0003] Patent Literature 1: Specification of U.S. Patent
No. 11028630

SUMMARY

[0004] However, the door controller of Patent Litera-
ture 1 needs to convert the time-domain sensor signal to
the frequency-domain signal in order to identify the cause
of the failure, which results in a high processing load.
[0005] In view of the above, one object of the present
disclosure is to provide an abnormality identification de-
vice, an abnormality identification method, and a com-
puter-readable storage medium that can reduce the load
of processing for identifying the cause of a failure.
[0006] An abnormality identification device according
to one aspect of the invention includes: a vibration ob-
taining unit obtaining vibration information that indicates
a vibration generated during opening and closing move-
ments of a door leaf of a door device for opening and
closing a doorway of a railway vehicle; a determination
unit determining whether there is an abnormality of the
door device by comparing the vibration indicated by the
obtained vibration information with a predetermined vi-
bration reference value; a movement obtaining unit ob-
taining movement information that indicates an elapsed
time or a displacement of the door leaf of the door device
from start of operation of the door device to a specific
point in time at which abnormality is determined by the
determination; and an identification unit identifying a
component related to an operation of the door device at
the specific point in time among a plurality of components
of the door device using the movement information.
[0007] An abnormality identification method according
to another aspect of the invention includes: obtaining vi-
bration information that indicates a vibration generated

during opening and closing movements of a door leaf of
a door device that opens or closes a doorway of a railway
vehicle, and movement information that indicates an
elapsed time or a displacement of the door leaf from start
of operation of the door device; determining whether
there is an abnormality of the door device by comparing
the vibration indicated by the vibration information with
a predetermined vibration reference value; and identify-
ing, from among the plurality of the components of the
door device, a component related to an operation of the
door device at a specific point in time when it is deter-
mined that there is the abnormality, the component being
identified using an elapsed time or a displacement of the
door leaf from the start of operation of the door device to
the specific point in time.
[0008] A computer-readable storage medium accord-
ing to yet another aspect of the invention stores a pro-
gram for causing a computer of a door device that con-
trols opening and closing of a door leaf that opens and
closes a doorway of a railway vehicle to: output an open
or close command to the door device; obtain vibration
information that indicates a vibration generated during
opening and closing movements of the door leaf and
movement information that indicates an elapsed time or
a displacement of the door leaf from start of operation of
the door device; determine whether there is an abnor-
mality of the door device by comparing the vibration in-
dicated by the vibration information with a predetermined
vibration reference value; and identify, from among the
plurality of the components of the door device 2, a com-
ponent related to an operation of the door device 2 at a
specific point in time when it is determined that there is
the abnormality, the component being identified using an
elapsed time or a displacement of the door leaf from the
start of operation of the door device 2 to the specific point
in time.

ADVANTAGEOUS EFFECTS

[0009] The above drive transmission device and con-
struction machine can secure sufficient mechanical
strength while their sizes can be reduced

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is an external view of an electric door device
(railway vehicle door device, automatic door device)
with a built-in abnormality identification device ac-
cording to a first embodiment of the present inven-
tion.
Fig. 2 specifically illustrates a structure around a mo-
tor of the electric door device.
Fig. 3 is a block diagram schematically showing a
configuration of a control system of the electric door
device.
Fig. 4 is a block diagram showing an example of a
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functional configuration of an abnormality identifica-
tion device in the electric door device.
Fig. 5 is a flowchart showing exemplary steps of a
process performed in the door opening-closing con-
trol unit in the electric door device.
Fig. 6 is a diagram showing the position (stroke) of
a door, vibration, sound pressure, and current value
relating to the electric door device with reference to
a time axis while the door moves from a fully closed
position to a fully opened position.
Fig. 7 is a diagram showing the position (stroke) of
the door, vibration, sound pressure, and current val-
ue relating to the electric door device with reference
to the time axis when a malfunction of a lock unit
occurs.
Fig. 8 is a diagram showing the position (stroke) of
the door, vibration, sound pressure, and current val-
ue relating to the electric door device with reference
to the time axis when a malfunction of the lock unit
occurs.
Fig. 9 is a diagram showing the position (stroke) of
the door, vibration, sound pressure, and current val-
ue relating to the electric door device with reference
to the time axis when a malfunction of a guide rail
occurs.
Fig. 10 is a diagram showing the position (stroke) of
the door, vibration, sound pressure, and current val-
ue relating to the electric door device with reference
to the time axis when a malfunction of a motor occurs.
Fig. 11 is a diagram showing the position (stroke) of
the door, vibration, sound pressure, and current val-
ue relating to the electric door device with reference
to the time axis when a malfunction of a motor occurs.
Fig. 12 is a diagram showing the position (stroke) of
the door, vibration, sound pressure, and current val-
ue relating to the electric door device with reference
to the time axis when a malfunction of a door roller
occurs.
Fig. 13 is a flowchart showing exemplary steps of a
process performed in a determination unit provided
in the electric door device.
Fig. 14 schematically illustrates an example of a
pneumatic door device equipped with an abnormality
identification device according to a second embod-
iment of the invention, illustrated is the door device
in the closed state.
Fig. 15 schematically illustrates the pneumatic door
device in the open state.
Fig. 16 is a sectional view of a cylinder portion of the
pneumatic door device, viewed in section including
the central axis line.
Fig. 17 is a block diagram schematically showing a
configuration of a control system provided in the
pneumatic door device.
Fig. 18 is a block diagram showing an example of a
functional configuration of an abnormality identifica-
tion device provided in the pneumatic door device.
Fig. 19 illustrates an example of the position (stroke)

[mm] of door leaves air pressure [Pa] supplied to the
cylinder portion, and door roller vibration information
relating to the pneumatic door device with reference
to the time axis.
Fig. 20 illustrates an example of the position (stroke)
[mm] of the door leaves, air pressure [Pa] supplied
to the cylinder portion, and door roller vibration in-
formation relating to the pneumatic door device with
reference to the time axis when a malfunction of the
door roller occurs.
Fig. 21 illustrates an example of the position (stroke)
[mm] of the door leaves, air pressure [Pa] supplied
to the cylinder portion, and vibration information of
a door separating mechanism relating to the pneu-
matic door device with reference to the time axis.
Fig. 22 illustrates an example of the position (stroke)
[mm] of the door leaves, air pressure [Pa] supplied
to the cylinder portion, and the door roller vibration
information relating to the pneumatic door device
with reference to the time axis when a malfunction
of the door separating mechanism occurs.
Fig. 23 illustrates an example of the position (stroke)
[mm] of the door leaves, air pressure [Pa] supplied
to the cylinder portion, and door roller vibration in-
formation relating to the pneumatic door device with
reference to the time axis.
Fig. 24 illustrates an example of the position (stroke)
[mm] of the door leaves, air pressure [Pa] supplied
to the cylinder portion, and the door roller vibration
information relating to the pneumatic door device
with reference to the time axis when a malfunction
of the cylinder occurs.
Fig. 25 illustrates an example of the position (stroke)
[mm] of the door leaves, air pressure [Pa] supplied
to the cylinder portion, and vibration information of
the changeover valve portion (a first solenoid valve
and/or second solenoid valve) relating to the pneu-
matic door device with reference to the time axis.
Fig. 26 illustrates an example of the position (stroke)
[mm] of the door leaves, air pressure [Pa] supplied
to the cylinder portion, and vibration information of
the changeover valve portion relating to the pneu-
matic door device with reference to the time axis
when a malfunction of the changeover valve portion
occurs.
Fig. 27 illustrates an example of the position (stroke)
[mm] of the door leaves, air pressure [Pa] supplied
to the cylinder portion, and exhaust silencer vibration
information relating to the pneumatic door device
with reference to the time axis.
Fig. 28 illustrates an example of the position (stroke)
[mm] of the door leaves, air pressure [Pa] supplied
to the cylinder portion, and exhaust silencer vibration
information relating to the pneumatic door device
with reference to the time axis when a malfunction
of the exhaust silencer occurs.
Fig. 29 illustrates an abnormality identification de-
vice according to a third embodiment of the inven-
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tion, and shows one example of a case in which the
door device is tilted.
Fig. 30 is a perspective view of another example of
the case in which the door device is tilted.
Fig. 31 is a longitudinal sectional view of the door
leaf of the door device when it is not tilted.
Fig. 32 is a longitudinal sectional view of the door
leaf of the door device when an external force is ap-
plied to the door leaf by passengers.
Fig. 33 is a longitudinal sectional view of the door
leaf when the vehicle body equipped with the door
device is tilted.
Fig. 34 is a block diagram showing an example of a
functional configuration of an abnormality identifica-
tion device provided in the door device.
Fig. 35 is a flowchart showing exemplary steps of a
process performed in the door opening-closing con-
trol unit that includes the abnormality identification
device and is provided in the electric door device.

DESCRIPTION OF THE EMBODIMENTS

[0011] Embodiments of the present disclosure will now
be described with reference to the appended drawings.

First Embodiment

[0012] Fig. 1 is an external view of an electric door
device 2 (railway vehicle door device, automatic door de-
vice) with a built-in abnormality identification device ac-
cording to the first embodiment. The electric door device
2 is installed, for example, in railway vehicles. In Fig. 1,
for example, the X direction is a left-right direction, the Y
direction is an upper-lower direction, and the X and Y
directions are orthogonal to each other.
[0013] The electric door device 2 includes a pair of door
leaves 3R and 3L constituting a sliding door. Above the
door leaves 3R and 3L (in +Y direction), a guide rail 4, a
door hanging device 5R supporting the right door leaf 3R
and a door hanging device 5L supporting the left door
leaf 3L are provided. The door hanging device 5R and
door leaf 3R are integrally movable along the guide rail
4. Likewise, the door hanging device 5L and door leaf 3L
are integrally movable along the guide rail 4. The leading
edge of the door leaves 3R and 3L has a rubber 7 at-
tached thereto, which is made of a soft synthetic rubber
material.
[0014] In the door hanging devices 5R and 5L, a plu-
rality of rollers 6 are provided, as shown by the dotted
lines in Fig. 1. The rollers 6 roll while remaining in contact
with the upper or lower surface of the guide rail 4.
[0015] Above the guide rail 4, a right rack gear 8R and
a left rack gear 8L are provided and extend in the direction
in which the guide rail 4 extends. The right rack gear 8R
is coupled with a right connecting bracket 9R. As the right
rack gear 8R moves in the left-right (X) direction, the
movement causes the right connecting bracket 9R to
move in the left-right direction. Similarly, the left rack gear

8L is coupled with a left connecting bracket 9L. As the
left rack gear 8L moves in the left-right direction, the
movement causes the left connecting bracket 9L to move
in the left-right direction. The right connecting bracket 9R
is coupled with the door hanging device 5R. As the right
connecting bracket 9R moves in the left-right direction,
the door hanging device 5R and door leaf 3R integrally
move in the left-right direction. Similarly, the left connect-
ing bracket 9L is coupled with the door hanging device
5L. As the left connecting bracket 9L moves in the left-
right direction, the door hanging device 5L and door leaf
3L integrally move in the left-right direction.
[0016] The right and left rack gears 8R and 8L mesh
with a pinion gear 10, so that they are configured to con-
vert the rotation of the pinion gear 10 into linear move-
ment. The pinion gear 10 is rotated when acted upon by
a driving force from a motor 11.
[0017] Lock pins 22R and 22L are fixed above the door
hanging devices 5R and 5L. The lock pins 22R and 22L
extend vertically upward. The lock pins 22R and 22L can
move together with the door leaves 3R and 3L. When
the door leaves 3L and 3R of the electric door device 2
are at the fully closed position, the lock pins 22R and 22L
are restrained by the lock unit 20. This prevents the elec-
tric door device 2 from moving in the left-right direction.
[0018] The lock unit 20 is arranged between the door
leaves 3R, 3L and the pinion gear 10 in the vertical di-
rection. The lock unit 20 functions as a lock mechanism
that restricts the door leaves 3R and 3A from moving in
the door open direction when the electric door device 2
is situated at the fully closed position. The lock unit 20 is
movable between a lock position where the lock unit 20
engages with the lock pins 22R and 22L to lock the door
at the fully closed position of the electric door device 2
and an unlock position where the lock unit 20 is disen-
gaged with the lock pins 22R and 22L. The lock unit 20
has a pair of rotating members (not shown) for engaging
with the lock pins 22R and 22L, respectively. Each of the
rotating members in the lock unit 20 is biased by an elastic
force of a return spring (not shown). When the lock unit
20 is moved to the lock position by the drive of the motor
11, the lock pins 22R and 22L are engaged with the ro-
tating members by being pushed into the rotating mem-
bers. When the lock unit 20 is moved to the unlocked
position by the drive of the motor 11, the lock pins 22R
and 22L are released from the rotating members and the
lock pins 22R and 22L are disengaged with the rotating
members.
[0019] The electric door device 2 further includes a vi-
bration sensor unit 30. The vibration sensor unit 30 de-
tects vibration in the electric door device 2, generates
vibration information indicating vibration, and supplies
the vibration information to the controller 15. Although
the vibration sensor unit 30 is disposed near the controller
15 in this example, it is not limited to this arrangement.
The vibration sensor unit 30 may be disposed at any po-
sition where vibration of the electric door device 2 can
be detected.
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[0020] Fig. 2 more specifically shows the constituent
parts in the vicinity of the motor 11. The electric door
device 2 further includes a sun gear 13 attached around
a rotational shaft 12, a plurality of planetary gears 14
surround and mesh with the sun gear 13, and the pinion
gear 10 serves as an outer gear that is positioned outside
the planetary gears 14 and meshes with the planetary
gears 14.
[0021] When the motor 11 rotates, the rotational force
of the motor 11 is transmitted to the rack gears 8R and
8L via the pinion gear 10. As the rack gears 8R and 8L
move in the left-right direction as a result of the rotation
of the motor 11, the door leaves 3R and 3L move in the
left-right direction along the guide rails 4 via the right and
left connecting brackets 9R and 9L. One or both of the
door leaves 3R and 3L may be hereinafter referred to
simply as a door.
[0022] The door (door leaves 3R and 3L) is movable
in the left-right direction in the drawing. The movement
of the door in the left-right direction opens or closes the
doorway of the railway vehicle. In other words, the railway
vehicle doorway is closed by the door moving in the clos-
ing direction (the direction in which the leading edges of
the door leaves touch each other). As for the movement
of the door in the closing direction (closing movement),
the door is configured to stop after the rubbers 7 on the
leading edges of the door leaves contact each other and
the rubbers 7 contract to a certain degree a certain extent
while touching each other. The railway vehicle doorway
is opened by the door moving in the opening direction
(the direction in which the leading edges of the door
leaves separate from each other). As for the movement
of the door in the opening direction (opening operation),
the door is stopped after the entire door leaves including
the rubber 7 are stored in respective door cases (not
shown) formed in the vehicle body.
[0023] In the above description, the electric door de-
vice 2 may be opened or closed using the rack and pinion
system, but the present disclosure is not necessarily lim-
ited to such. Any other systems (for example, belt, screw
and linear motor systems) may be employed.
[0024] Fig. 3 is a block diagram schematically showing
a configuration of a control system of the electric door
device 2. The control system of the electric door device
2 includes, for example, the controller 15, a power supply
unit 16, a motor monitor unit 17, and the vibration sensor
unit 30, as shown in Fig. 3.
[0025] The power supply unit 16 includes a power unit
for converting an alternating-current voltage fed from an
overhead line into a direct-current voltage. The controller
15 includes a door opening-closing control unit 18, a com-
mand unit 19, and a transmission unit 29. The command
unit 19 outputs, to the door opening-closing control unit
18, an opening or closing signal (command signal) for
opening or closing the door. The door opening-closing
control unit 18 controls the opening and closing of the
door based on drive commands. The command unit 19
may also output information (e.g., it may be a drive com-

mand) that allows the abnormality identification device 1
to know what kind of drive command is being output to
a PWM control unit 22.
[0026] The transmission unit 29 transmits information
to the outside (e.g., an unshown management device or
a mobile terminal of a maintenance worker). For exam-
ple, the transmission unit 29 transmits (reports) informa-
tion indicating a component identified by the abnormality
identification device 1 to the outside. The transmission
unit 29 may output an alert indicating that an abnormality
has been identified by the abnormality identification de-
vice 1.
[0027] The door opening-closing control unit 18 in-
cludes, for example, a power-supply voltage detection
unit 21, the PWM control unit 22, a motor driving unit 23,
a Hall signal detection unit 24, a speed detection unit 25,
and the abnormality identification device 1.
[0028] The power-supply voltage detection unit 21 is
configured to detect the level of the DC voltage output
from the power supply unit 16. The PWM control unit 22
is configured to generate a PWM signal for driving the
motor 11 based on the level of the DC voltage detected
by the power-supply voltage detection unit 21 and the
drive command from the command unit 19. More specif-
ically, the PWM control unit 22 generates the PWM signal
for controlling a duty ratio of a voltage to be fed to the
motor 11, based on a reference voltage commanded pat-
tern indicated by the drive command and the voltage level
of the DC signal detected by the power-supply voltage
detection unit 21.
[0029] The motor driving unit 23 drives the motor 11.
The motor driving unit 23 is configured to turn on or off
transistors configured to drive the motor 11, based on
the PWM signal. For example, when the motor 11 is a
three-phase motor, the motor driving unit 23 generates
gate signals for turning on or off the U-phase, V-phase
and W-phase transistors.
[0030] A Hall element 26 is provided in the vicinity of
the rotational shaft 12 of the motor 11. The Hall element
26 detects the number of rotations of the motor 11. In the
vicinity of the motor 11, the motor monitoring unit 17 is
provided. The motor monitoring unit 17 includes, in ad-
dition to the above-mentioned Hall element 26, a motor
current detector 27 for detecting the motor current (value
of the current running through the motor 11). The motor
current detector 27 provides information indicating the
motor current to the abnormality identification device 1.
[0031] The Hall signal detection unit 24 is configured
to detect the number of rotations of the motor 11 based
on the detection signal from the Hall element 26. The
motor driving unit 23 can refer to the number of rotations
of the motor 11 detected by the Hall signal detector 24
to feedback control the timing of turning on or off the
transistors for driving the motor 11. The speed detection
unit 25 detects the moving speed of the door from the
signal detected by the hall signal detection unit 24. The
speed detection unit 25 supplies information indicating
the detected moving speed to the abnormality identifica-
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tion device 1.
[0032] The vibration sensor unit 30 generates vibration
information indicating the vibration generated in the elec-
tric door device 2 that opens and closes the doorway of
the railway vehicle when the electric door device 2 moves
to be opened or closed the doorway. The vibration sensor
unit 30 supplies the generated vibration information to
the abnormality identification device 1. The vibration sen-
sor unit 30 may be disposed at any position provided that
it can detect vibration in the electric door device 2. In
addition to the sensor that detects vibration, the vibration
sensor unit 30 may further include a sound pressure sen-
sor that detects sound pressure as the vibration gener-
ated in the opening and closing movements of the door
of the electric door device 2. The vibration sensor unit 30
may detect both the vibration generated in the electric
door device 2 in the opening and closing movements of
the electric door device 2 and the sound pressure gen-
erated in the opening and closing movements of the door
of the electric door device 2.
[0033] The abnormality identification device 1 obtains
vibration information indicating vibration of the electric
door device 2 generated in the opening and closing
movements of the door of the electric door device 2 that
opens and closes the doorway of the railway vehicle, and
determines whether an abnormality of the electric door
device 2 occurs by comparing the vibration indicated by
the obtained vibration information with a vibration refer-
ence value. The abnormality identification device 1 then
obtains movement information indicating the elapsed
time from the start of opening or closing movement of
the electric door device 2 to a specific point in time at
which the abnormality is determined or movement infor-
mation indicating the opening or closing amount of the
door of the electric door device 2. The abnormality iden-
tification device 1 identifies a component related to an
operation of the electric door device 2 at the specific point
in time among the plurality of components of the electric
door device 2 using the movement information.
[0034] Fig. 4 is a block diagram showing an example
of a functional configuration of the abnormality identifi-
cation device 1. The abnormality identification device 1
includes, for example, a vibration obtaining unit 40, a
determination unit 42, a movement obtaining unit 44, an
identification unit 46, a current value obtaining unit 48, a
speed value obtaining unit 50, a vibration reference value
data storage 52, and an abnormality data storage 54.
The functions of each component, such as the vibration
obtaining unit 40, the determination unit 42, the move-
ment obtaining unit 44, the identification unit 46, the cur-
rent value obtaining unit 48, and the speed value obtain-
ing unit 50, are realized by, for example, executing a pro-
gram stored in the program memory by a computer such
as a CPU (Central Processing Unit) installed in the door
opening-closing control unit 18. The vibration reference
value data storage 52 and the abnormality data storage
54 are implemented by various storage devices such as
RAM (Random Access Memory), ROM (Read Only Mem-

ory), SSD (Solid State Drive), hard disk, etc.
[0035] The vibration obtaining unit 40 obtains the vi-
bration information indicating the vibration generated in
the opening and closing movements of the door of the
electric door device 2. The determination unit 42 deter-
mines whether there is an abnormality of the electric door
device 2 by comparing the vibration indicated by the vi-
bration information obtained by the vibration obtaining
unit 40 with a predetermined vibration reference value.
The vibration reference value is indicated by vibration
reference value data stored in the vibration reference val-
ue data storage 52. The vibration reference value data
storage 52 stores the vibration reference value data in-
dicating the vibration reference values.
[0036] The current value obtaining unit 48 obtains a
current value from the motor current detector 27. The
determination unit 42 may determine an abnormality of
the electric door device 2 by comparing the current value
obtained from the motor current detector 27 with a current
reference value stored in the vibration reference value
data storage 52.
[0037] The speed value obtaining unit 50 obtains a
speed value from the speed detection unit 25. The move-
ment obtaining unit 44 detects the position of the door
that is moving to be opened based on the speed value
from the speed value obtaining unit 50. The movement
obtaining unit 44 obtains movement information indicat-
ing the elapsed time from the start of opening or closing
movement of the electric door device 2 to a specific point
in time at which the abnormality is determined by the
determination unit 42 or indicating the opening or closing
amount of the door of the electric door device 2.
[0038] The identification unit 46 identifies a component
related to the operation of the electric door device 2 at
the specific point in time among the plurality of compo-
nents of the electric door device 2 using the movement
information. The plurality of components of the electric
door device 2 include the parts of the electric door device
2 described above, such as, but not limited to, the guide
rail 4, the door rollers 6, the motor 11, and the lock unit
20. The identification unit 46 stores, in the abnormality
data storage unit 54, abnormality data in which, for ex-
ample, the vibration information, the specific point in time
or the position of the door, and the identified components
are associated with each other. The identification unit 46
may transmit the abnormality data as a processing result
to an external device such as the unshown management
device or mobile terminal of the maintenance worker.
[0039] Fig. 5 is a flowchart showing exemplary steps
of a process performed in the door opening-closing con-
trol unit 18. The door opening-closing control unit 18 in-
puts the open or close command from the command unit
19 (step S100). The door opening-closing control unit 18
causes the motor 11 to be driven by the motor driving
unit 23 to start the open or close operation of the electric
door device 2 (step S102). The abnormality identification
device 1 obtains the vibration information from the vibra-
tion sensor unit 30 and the position (movement informa-

9 10 



EP 4 317 643 A1

7

5

10

15

20

25

30

35

40

45

50

55

tion) of the door detected based on the speed value de-
tected by the speed detection unit 25 (step S104). The
determination unit 42 of the abnormality identification de-
vice 1 determines whether there is an abnormality of the
electric door device 2 by comparing the vibration indicat-
ed by the vibration information and the vibration refer-
ence value (step S106). When the determination unit 42
determines there is no abnormality of the electric door
device 2 (step S106: NO), the process of the flowchart
ends. When the determination unit 42 determines that
there is an abnormality of the electric door device 2 (step
S106: YES), the identification unit 46 identifies the com-
ponent of the electric door device 2 using the movement
information as of the specific time when the abnormality
is determined (step S108). The identification unit 46 then
records the abnormality data in the abnormality data stor-
age 54 (step S110).
[0040] Fig. 6 is a diagram showing the position (stroke)
of the door, vibration, sound pressure, and current value
with reference to a time axis while the door moves from
a fully closed position (PC) to a fully opened position (P3).
The horizontal axis in Fig. 6 represents the time and the
vertical axis represents the door position. Position P0 is
the fully closed position. Position P3 is the fully opened
position. For convenience of explanation, Fig. 6 shows
the graphs of the door position, vibration information,
sound pressure information, and current value, but the
vertical axis represents the position information of the
door and does not represent the scales for the vibration
information, sound pressure information, and current val-
ue. The same applies to Figs. 7 to 12.
[0041] The range from position P0 to position P1 and
time t0 to t1 is an acceleration period in which the door
is gradually accelerated to reach a constant speed in the
opening movement. The range from position P1 to posi-
tion P2 and time t1 to t2 is a high speed period in which
the door moves at the constant high speed in the opening
movement. The range from position P2 to position P3
and time t2 to t3 is a deceleration period in which the
door is gradually decelerated to eventually stop in the
opening movement. The range from time t3 to t4 is the
period in which the door is stopped and fully opened. The
range from position P3 to position P2 and time t4 to t5 is
an acceleration period in which the door is gradually ac-
celerated to reach a constant speed in the closing move-
ment. The range from position P2 to position P1 and from
time t5 to t6 is a high speed period in which the door
moves at the constant high speed in the closing move-
ment. The range from position P1 to position P0 and time
t6 to t7 is a deceleration period in which the door is grad-
ually decelerated to eventually stop in the closing move-
ment. The acceleration, high speed, and deceleration pe-
riods are based on the open and close commands. When
there is no abnormality of the electric door device 2, the
vibration, sound pressure, and current value change for
change according to the door position and the time as
shown in Fig. 6. In Figs. 6 to 12, the change of the door
position with time in the opening movement and the

change of the door position with time in the closing move-
ment are symmetrical to each other. However, the em-
bodiment is not limited to this. The change of the door
position over time in the opening movement may be
asymmetrical to the change of the door position with time
in the closing movement. For example, the door position
at which the high speed period starts in the opening
movement and the door position at which the high speed
period ends in the closing movement may be different
from each other. The door position at which the deceler-
ation period starts in the opening movement and the door
position at which the acceleration period ends in the clos-
ing movement may be different from each other.
[0042] Fig. 7 is a diagram showing the position (stroke)
of the door, vibration, sound pressure, and current value
with reference to the time axis when a malfunction of the
lock unit 20 occurs. The malfunction of the lock unit 20
may be caused by, for example, an increase in the load
on the movement of a movable part, such as a rotating
part, which prevents a smooth movement of the part and
results in malfunction. For example, malfunction can be
caused by rust or dust or oil on the lock unit 20. When
the door leaves 3R and 3L start to open after the lock
pins 22R and 22L are released from the lock unit 20, the
vibration is supposed to (normally) increase (see Fig. 6),
but as indicated by arrow A in Fig. 7, the vibration de-
creases when a malfunction of the lock unit 20 occurs.
Thus, the abnormality identification device 1 uses the
vibration obtaining unit 40 to obtain the vibration infor-
mation indicating the vibration of the electric door device
2 when the motor 11 is driven. When the displacement
of the door or the elapsed time indicated by the movement
information obtained during the opening movement of
the door (acceleration period) is less than or equal to the
elapsed time or the displacement from the unlocking of
the lock unit 20 to the start of the opening movement of
the door leaves 3R and 3L, the identification unit 46 iden-
tifies the lock unit 20 as the component related to the
operation of the electric door device 2. The elapsed time
or the displacement of the door that is less than or equal
to the elapsed time or the displacement from the unlock-
ing of the lock unit 20 to the start of the opening movement
of the door leaves 3R and 3L is, for example, the elapsed
time or the displacement that is included in the acceler-
ation period.
[0043] When a malfunction of the lock unit 20 occurs,
the sound pressure increases due to friction between the
lock unit 20 and the lock pins 22R and 22L, as indicated
by the arrow B in Fig. 7. Thus, in the abnormality identi-
fication device 1, the vibration obtaining unit 40 obtains
the vibration information indicating the sound pressure
of the electric door device 2 when the motor 11 is driven.
When the displacement of the door or the elapsed time
indicated by the movement information obtained during
the opening movement of the door is less than or equal
to the elapsed time or the displacement from the unlock-
ing of the lock unit 20 to the start of the opening movement
of the door leaves 3R and 3L, the identification unit 46
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identifies the lock unit 20 as the component related to
the operation of the electric door device 2.
[0044] Fig. 8 is a diagram showing the position (stroke)
of the door, vibration, sound pressure, and current value
with reference to the time axis when a malfunction of the
lock unit 20 occurs. When the door leaves 3R and 3L
reach the lock position in the deceleration period, the lock
pins 22R and 22L normally engage with the lock unit 20,
so abnormal vibration will not occur (see Fig. 6). However
when a malfunction of the lock unit 20 occurs, abnormal
vibration occurs at the locked position as indicated by
arrow C in Fig. 8. Thus, the abnormality identification
device 1 uses the vibration obtaining unit 40 to obtain the
vibration information indicating the vibration of the elec-
tric door device 2 when the motor 11 is driven. When the
displacement of the door or the elapsed time indicated
by the movement information obtained during the closing
movement of the door is greater than or equal to the
elapsed time or the displacement from the start of the
closing movement of the door leaves 3R and 3L to the
end of the closing movement to stop at the fully closed
position, the identification unit 46 identifies the lock unit
20 as the component related to the operation of the elec-
tric door device 2. The elapsed time or the displacement
of the door that is greater than or equal to the elapsed
time or the displacement from the start of the closing
movement of the door leaves 3R and 3L to the end of
the closing movement to stop at the fully closed position
is, for example, the elapsed time or the displacement that
is included in the deceleration period.
[0045] When a malfunction of the lock unit 20 occurs,
the sound pressure increases due to friction between the
lock unit 20 and the lock pins 22R and 22L, as indicated
by the arrow D in Fig. 8. Thus, the abnormality identifi-
cation device 1 uses the vibration obtaining unit 40 to
obtain the vibration information indicating the sound pres-
sure of the electric door device 2 when the motor 11 is
driven. When the displacement of the door or the elapsed
time indicated by the movement information obtained
during the closing movement of the door is greater than
or equal to the elapsed time or the displacement from
the start of the closing movement of the door leaves 3R
and 3L to the end of the closing movement to stop at the
fully closed position, the identification unit 46 identifies
the lock unit 20 as the component related to the operation
of the electric door device 2.
[0046] Fig. 9 is a diagram showing the position (stroke)
of the door, vibration, sound pressure, and current value
with reference to the time axis when a malfunction of the
guide rail 4 occurs. When the door leaves 3R and 3L are
moved in the high speed period, the vibration is normally
small (see Fig. 6). However, when there is an abnormality
of the guide rail 4, the vibration temporarily increases at
the defective portion of the guide rail 4 as indicated by
the arrows E and E’ in Fig. 9. Thus, the abnormality iden-
tification device 1 determines the point in time when the
vibration temporarily increases at the defective portion
of the guide rail 4 as the specific point in time. The ab-

normality identification device 1 identifies the guide rail
4 as the component related to the operation of the electric
door device 2 when the door position calculated from the
movement information as of the specific time point in the
period (high speed period) during which the door leaves
3R and 3L move to be opened at a constant speed co-
incides with the door position calculated from the move-
ment information as of the specific time in the period (high
speed period) during which the door leaves 3R and 3L
move to close at a constant speed.
[0047] When the door leaves 3R and 3L are moved at
the high speed, the sound pressure is normally low (see
Fig. 6). However when there is an abnormality of the
guide rail 4, the sound pressure temporarily increases
as shown by the arrows F and F’ in Fig. 9. Thus, the
abnormality identification device 1 can determine the
point in time when the sound pressure temporarily in-
creases at the defective portion of the guide rail 4 as the
specific point in time. When the door position calculated
from the movement information as of the specific point
in the period when the door leaves 3R and 3L move to
be opened at a constant speed (high speed range) co-
incides with the door position calculated from the move-
ment information as of the specific point in the period
when the door leaves 3R and 3L move to be closed at a
constant speed (high speed range), the abnormality iden-
tification device 1 can identify the guide rail 4 as the com-
ponent related to the operation of the electric door device
2.
[0048] Fig. 10 is a diagram showing the position
(stroke) of the door, vibration, sound pressure, and cur-
rent value with reference to the time axis when an ab-
normality of the motor 11 occurs. When there is an ab-
normality of the motor 11, the current value supplied to
the motor 11 increases in all the periods as indicated by
the arrow G in Fig. 10, compared to the current value
shown in Fig. 6. When there is an abnormality of the
motor 11, the abnormality is not determined by compar-
ing the vibration information shown in Fig. 6 with that
shown in Fig. 10. Thus, by comparing the current value
supplied from the motor current detector 27 with the cur-
rent reference value, the determination unit 42 deter-
mines whether there is an abnormality of the electric door
device 2. When no abnormality is determined from the
vibration information but an abnormality is determined
from the current value, the identification unit 46 identifies
the motor 11 as the component related to the operation
of the electric door device 2. The current reference value
is, for example, the current value shown in Fig. 6. Spe-
cifically, the current reference value is set to the current
amplitude value in the high speed period in Fig. 6 where
there is no abnormality of the motor 11, and the determi-
nation unit 42 can determine whether there is an abnor-
mality by comparing the current amplitude value supplied
from the motor current detector 27 in the high speed pe-
riod with the current amplitude value in the high speed
period of Fig. 6. By comparing the current value supplied
from the motor current detector 27 with the current ref-
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erence value, the determination unit 42 determines the
abnormality of the electric door device 2, and if the ab-
normality is not determined from the vibration information
but is determined from the current value, the identification
unit 46 may identify the rubbing of the door leaves 3R
and 3L against the vehicle body as the cause of the ab-
normality.
[0049] Fig. 11 is a diagram showing the position
(stroke) of the door, vibration, sound pressure, and cur-
rent value with reference to the time axis when an ab-
normality of the motor 11 occurs. When there is an ab-
normality of the motor 11, the sound pressure increases
in all the periods as shown by the arrow H in Fig. 11
compared to the sound pressure shown in Fig. 6. Thus,
the determination unit 42 determines the abnormality of
the electric door device 2 by comparing the sound pres-
sure supplied from the vibration sensor unit 30 with the
sound pressure reference value. When no abnormality
is determined from the vibration information but an ab-
normality is determined from the sound pressure, the
identification unit 46 identifies the motor 11 as the com-
ponent related to the operation of the electric door device
2. The sound pressure reference value may be set, for
example, to the sound pressure in the high speed period
of Fig. 6. The determination unit 42 can determine the
presence or absence of an abnormality by comparing the
sound pressure in the high speed period provided by the
vibration sensor unit 30 with the sound pressure refer-
ence value. The determination unit 42 may determine
the presence or absence of an abnormality based on at
least one of the result of comparing the sound pressure
acquired in the high speed period in the door opening
movement with the sound pressure reference value or
the results of comparing the sound pressure acquired in
the high speed period in the door closing movement with
the sound pressure reference value. The determination
unit 42 may determine the abnormality of the electric door
device 2 by comparing the sound pressure provided by
the vibration sensor unit 30 with the sound pressure ref-
erence value. When it is determined from the sound pres-
sure that there is the abnormality, the identification unit
46 may identify rubbing between the door leaves 3R and
3L and the vehicle body as the cause of the abnormality.
[0050] Fig. 12 is a diagram showing the position
(stroke) of the door, vibration, sound pressure, and cur-
rent value with reference to the time axis when an ab-
normality of the door roller(s) 6 occurs. When there is an
abnormality of the door roller 6, abnormal vibration oc-
curs at regular intervals in all the periods, as indicated
by the arrow I in Fig. 12, compared with the current value
shown in Fig. 6. Thus, the determination unit 42 deter-
mines whether there is an abnormality of the electric door
device 2 by comparing the change in the sound pressure
provided from the vibration sensor unit 30 with the sound
pressure reference value. When it is determined from the
sound pressure that there is the abnormality, the identi-
fication unit 46 identifies the door roller 6 as the compo-
nent related to the operation of the electric door device

2. The sound pressure reference value may be set, for
example, to the change in the sound pressure in the high
speed period of Fig. 6. The determination unit 42 can
determine the presence or absence of an abnormality by
comparing the change in the sound pressure in the high
speed period provided by the vibration sensor unit 30
with the sound pressure reference value.
[0051] Fig. 13 is a flowchart showing exemplary steps
of a process performed in the identification unit 46. The
identification unit 46 starts the process of the flowchart
after the determination unit 42 determines that there is
an abnormality in step S106 described above. The iden-
tification unit 46 determines whether the specific point in
time when the determination unit 42 determined that
there is an abnormality is within the acceleration period
in the opening movement (step S120) based on the
elapsed time up to the specific point in time or the move-
ment information indicating the opening or closing
amount of the electric door device 2. When the specific
point in time is within the acceleration period in the open-
ing movement (step S120: YES), the identification unit
46 identifies the lock unit 20 (step S122). The identifica-
tion unit 46 determines whether the specific point in time
is within the deceleration period in the closing movement
based on the movement information (step S124). When
the specific point in time is within the deceleration period
in the opening movement (step S124: YES), the identifi-
cation unit 46 identifies the lock unit 20 (step S126).
[0052] The identification unit 46 determines whether
the specific point in time is within the high speed period
in the opening or closing movement based on the move-
ment information (step S128). When the specific point in
time is within the high speed period in the opening or
closing movement (step S128: YES), the identification
unit 46 determines whether the door position calculated
from the movement information at the specific point in
time in the opening movement coincides with the door
position calculated from the movement information at the
specific point in time in the closing movement (step
S130). When the door positions coincide with each other
(step S130: YES), the identification unit 46 identifies the
guide rail 4 (step S126).
[0053] When it is determined that there is no abnor-
mality in the vibration information and it is determined
that there is an abnormality in the current value or the
sound pressure in the all the periods in which the electric
door device 2 operates (step S134: YES), the identifica-
tion unit 46 identifies the motor 11 (step S136). When it
is determined that an abnormal vibration occurs at reg-
ular intervals in all the periods in which the electric door
device 2 operates (step S138: YES), the identification
unit 46 identifies the door roller 6 (step S140).
[0054] As described above, the abnormality identifica-
tion device 1 of the first embodiment includes: the vibra-
tion obtaining unit 40 that obtains the vibration informa-
tion indicating a vibration generated during the opening
and closing movements of the door of the electric door
device 2 (door device) for opening and closing the door-
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way of the railway vehicle; the determination unit 42 that
determines whether there is an abnormality of the electric
door device 2 by comparing the vibration indicated by
the obtained vibration information with a predetermined
vibration reference value; the movement obtaining unit
44 that obtains the movement information indicating the
elapsed time from the start of operation of the electric
door device 2 to a specific point in time at which the ab-
normality is determined by the determination unit 42 or
indicating the opening or closing amount of the door of
the electric door device 2; and the identification unit 46
that identifies a component related to the operation of
the electric door device 2 at the specific point in time
among the plurality of components of the electric door
device 2 using the movement information. The abnor-
mality identification device 1 of the first embodiment can
provide an abnormality identification method. The meth-
od includes: obtaining the vibration information indicating
vibration generated during the opening and closing
movements of the electric door device 2 that opens or
closes the doorway of the railway vehicle, and the move-
ment information indicating the elapsed time from the
start of operation of the electric door device 2 or indicating
the opening or closing amount of the door of the electric
door device 2 (for example, step S104); determining
whether there is an abnormality of the electric door device
2 by comparing the vibration indicated by the vibration
information and the predetermined vibration reference
value (for example, step S106); and identifying, from
among the plurality of the components of the electric door
device 2, a component of the electric door device 2 re-
lated to an operation of the electric door device 2 at the
specific point in time by using the elapsed time from the
start of operation of the electric door device 2 to the spe-
cific point in time at which it is determined that there is
the abnormality or the opening or closing amount of the
door of the electric door device 2 (for example, step
S108). The abnormality identification device 1 of the first
embodiment can provide a program. The program caus-
es a computer (for example, the door opening-closing
control unit 18) of the electric door device 2 that controls
opening and closing of the door for the doorway of the
railway vehicle to: output the open or close command to
the electric door device 2 (for example, step S100); obtain
the vibration information indicating vibration generated
during the opening and closing movements of the electric
door device 2 and the movement information indicating
the elapsed time from the start of operation of the electric
door device 2 or indicating the opening or closing amount
of the door of the electric door device 2 (for example,
step S102); determine whether there is an abnormality
of the electric door device 2 by comparing the vibration
indicated by the vibration information and the predeter-
mined vibration reference value (for example, step
S106); and identify, from among the plurality of the com-
ponents of the electric door device 2, a component of the
electric door device 2 related to an operation of the elec-
tric door device 2 at the specific point in time by using

the elapsed time from the start of operation of the electric
door device 2 to the specific point in time at which it is
determined that there is the abnormality or the opening
or closing amount of the door of the electric door device
2 (for example, step S108). Therefore, with the abnor-
mality identification device 1, it is possible to identify
which of the plurality of components of the electric door
device 2 is the cause of the abnormality of the electric
door device 2 without requiring a process to convert the
time-domain vibration into the frequency domain. As a
result, the abnormality identification device 1 can reduce
the load of the processing to identify the cause of the
failure.
[0055] In the abnormality identification device 1 of the
first embodiment, the plurality of components include the
motor 11 that powers the door leaves 3R and 3L to move
to be opened or closed, and the lock unit 20 that receives
power from the motor 11 and lock the door leaves 3R
and 3L after the door leaves 3R and 3L reach the fully
closed position after the closing movement. The vibration
obtaining unit 40 may obtain the vibration information in-
dicating vibration of the electric door device 2 when the
motor 11 is driven. When the displacement of the door
or the elapsed time indicated by the movement informa-
tion obtained during the closing movement is greater than
or equal to the elapsed time or the displacement from
the start of the closing movement of the door leaves 3R
and 3L to the end of the closing movement to stop at the
fully closed position, the identification unit 46 may identify
the lock unit 20 as the component related to the operation
of the electric door device 2. With this abnormality iden-
tification device 1, it is possible to reduce the load of the
processing to identify the lock unit 20 as the cause of the
failure.
[0056] In the abnormality identification device 1 of the
first embodiment, the plurality of components include the
motor 11 that powers the door leaves 3R and 3L to move
to be opened or closed, and the lock unit 20 that receives
power from the motor 11 and unlocks the door leaves 3R
and 3L before the door leaves 3R and 3L start to move
to be opened. The vibration obtaining unit 40 may obtain
the vibration information indicating vibration of the elec-
tric door device 2 when the motor 11 is driven. When the
displacement of the door or the elapsed time indicated
by the movement information obtained during the open-
ing movement of the door is less than or equal to the
elapsed time or the displacement from the unlocking of
the lock unit 20 to the start of the opening movement of
the door leaves 3R and 3L, the identification unit 46 may
identify the lock unit 20 as the component related to the
operation of the electric door device 2. With this abnor-
mality identification device 1, it is possible to reduce the
load of the processing to identify the lock unit 20 as the
cause of the failure.
[0057] In the abnormality identification device 1 of the
first embodiment, the plurality of components include the
door roller attached to each of the door leaves 3R and
3L, and the guide rail 4 that the door roller contacts and
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rolls on. When the door position calculated from the
movement information as of the specific point in the pe-
riod when the door leaves 3R and 3L move to be opened
at a constant speed coincides with the door position cal-
culated from the movement information as of the specific
point in the period when the door leaves 3R and 3L move
to close at a constant speed, the abnormality identifica-
tion unit 46 may identify the guide rail 4 as the component
related to the operation of the electric door device 2. With
this abnormality identification device 1, it is possible to
reduce the load of the processing to identify the guide
rail 4 as the cause of the failure.
[0058] In the abnormality identification device 1 of the
first embodiment, the electric door device 2 includes the
motor 11 that generates a driving force to move the door
leaves 3R and 3L to be opened or closed as one of the
components. The abnormality identification device 1 in-
cludes the current value obtaining unit 48 that obtains
the current value information indicating the current value
supplied to the motor 11. The determination unit 42 fur-
ther determines whether there is an abnormality of the
electric door device 2 by comparing the current value
indicated by the obtained current value information with
the current reference value. When no abnormality is de-
termined from the vibration information but an abnormal-
ity is determined from the current value information, the
identification unit 46 identifies the motor 11 as the com-
ponent related to the operation of the electric door device
2. With this abnormality identification device 1, it is pos-
sible to reduce the load of the processing to identify the
motor 11 as the cause of the failure.
[0059] In the abnormality identification device 1 of the
first embodiment, the electric door device 2 includes the
motor 11 that generates a driving force to move the door
leaves 3R and 3L to be opened and closed. The abnor-
mality identification device 1 includes the sound pressure
obtaining unit (vibration obtaining unit 40) that obtains
sound pressure information indicating the sound pres-
sure generated during the opening and closing move-
ments of the electric door device 2. When no abnormality
is determined from the vibration information and the
sound pressure exceeds the sound pressure reference
value in the period from the start to the end of the opening
or closing movement, the identification unit 46 identifies
the motor 11 as the component related to the operation
of the electric door device 2. With this abnormality iden-
tification device 1, it is possible to reduce the load of the
processing to identify the motor 11 as the cause of the
failure.

Second Embodiment

[0060] The second embodiment of the invention will be
hereinafter described. The door device of the second em-
bodiment is a pneumatic door device 2A, and an abnor-
mality identification device 1A in this second embodiment
is provided in the pneumatic door device 2A. For purpos-
es of clarity and brevity, like elements and components

are labeled with same or similar designations and num-
bering as discussed in the first embodiment and descrip-
tion of such elements will be hereunder omitted. The de-
scription of the second embodiment will focus on the
points that differ from the first embodiment described
above.
[0061] Fig. 14 schematically shows an example of the
pneumatic door device 2A in the closed state. Fig. 15
schematically shows an example of the pneumatic door
device 2A in the opened state. Fig. 16 is a sectional view
of a cylinder portion viewed in section including the cen-
tral axis line. The pneumatic door device 2A includes, for
example, a connecting fitting 102, an upper rack 104, a
connecting fitting 106, a lower rack 108, a cylinder portion
110, a cushion cylinder 112, a piston 114, a piston shaft
115, a closing cushion throttle 116, an opening cushion
throttle 118, a closing speed throttle 120, and check
valves 122, 124. The connecting fitting 102 is connected
to the door hanging device 5 via a door leaf connecting
plate 5a (door hanger). The upper rack 104 and piston
shaft 115 are connected to the connecting fitting 102.
The connecting fitting 106 is connected to the door hang-
ing device 5 via the door leaf connecting plate 5a. The
lower rack 108 is connected to the connecting fitting 106.
In the cylinder portion 110, the piston 114 moves in a
pressure chamber formed in the cushion cylinder 112 in
the left-right direction (X direction). The piston 114 is con-
nected to the piston shaft 115 and is disposed inside the
cushion cylinder 112. The piston shaft 115 is connected
to the upper rack 104 via the coupling fitting 102.
[0062] The pneumatic door device 2A further includes,
for example, a door separating mechanism 130, a pinion
132, a door switch 134, and a switch push rod 136. Driving
force from the upper rack 104 and the lower rack 108 is
transmitted to the pinion 132.
[0063] The pneumatic door device 2A further includes,
for example, a strainer 140, a changeover valve unit 150,
and a manual push button 160. The changeover valve
unit (changeover valve) 150 includes, for example, a first
solenoid valve 152 and a second solenoid valve 154. The
strainer 140 and the second solenoid valve 154 are con-
nected via an air passage 142a. The second solenoid
valve 154 and the cylinder portion 110 are connected via
an air passage 142b. The cylinder portion 110 and the
first solenoid valve 152 are connected via an air passage
142c. The first solenoid valve 152 and an exhaust silenc-
er 144 are connected via an air passage 142d.
[0064] When air is supplied from the air passage 142b
to the cylinder portion 110 as shown in Fig. 14, the piston
114 is moved to the right, the upper rack 104 also moves
to the right, which rotates the pinion 132 to the right. The
rotation of the pinion 132 to the right moves the lower
rack 108 to the left. In this way, the pneumatic door device
2A drives the door leaves 3R and 3L in the closing direc-
tion. When the piston 114 is moved to the left by air sup-
plied to the cylinder portion 110 from the air passage
142c as shown in Fig. 15, the upper rack 104 also moves
to the left, which rotates the pinion 132 to the left. The
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rotation of the pinion 132 to the left moves the lower rack
108 to the right. In this way, the pneumatic door device
2A drives the door leaves 3R and 3L in the opening di-
rection.
[0065] The closed state of the pneumatic door device
2A shown in Fig. 14 will be now described. In the closed
state of the pneumatic door device 2A, the first solenoid
valve 152 and the second solenoid valve 154 are demag-
netized. In the demagnetized state, pressure air from an
air source (not shown) flows through the strainer 140, air
passage 142a, second solenoid valve 154, air passage
142b, and air passage 142f in this order, and then the air
is supplied to a left pressure chamber in the cylinder sec-
tion 110 through the check valve 124, open cushion throt-
tle 118, and open speed throttle 121. A right pressure
chamber is communicated with the atmosphere through
the air passage 142e, air passage 142c, first solenoid
valve 152, air passage 142d, and exhaust silencer 144.
Thus, the piston 114 is pressed to the right side and
moves the door leaf 3R to the closed position via the
connecting fitting 102 connected to the end of the piston
shaft 115. Since the upper rack 104 is connected by the
connecting fitting 102, the movement of the piston 114
is transmitted to the lower rack 108 via the pinion 132,
which also moves the door leaf 3L to the closed position
via the connecting fitting 106.
[0066] The opened state of the pneumatic door device
2A shown in Fig. 15 will be now described. When the
open command is supplied, the first solenoid valve 152
and the second solenoid valve 154 are excited. When
the first solenoid valve 152 and the second solenoid valve
154 are excited, the pressure air passes through the
strainer 140, air passage 142a, first solenoid valve 152,
air passage 142c, and air passage 142e, and then
through the check valve 122, closing cushion throttle 116,
and closing speed throttle 120, and the pressure air is
supplied to the right pressure chamber of the cylinder
portion 110. The pressure air in the left pressure chamber
is discharged to the atmosphere from the opening cush-
ion throttle 118 and opening speed throttle 121 through
the air passage 142f, air passage 142b, second solenoid
valve 154, air passage 142d, and exhaust silencer 144.
As a result, the piston 114 begins to move to the left, and
the door leaf 3L is moved to the left to be opened by the
movement of piston shaft 115 and upper rack 104. At the
same time, the lower rack 108 moves to the right by the
pinion 132, and the door leaf 3R directly connected to
the lower rack 108 is moved to the right to be opened.
The pneumatic door device 2A can adjust the opening
speed of door leaves 3R and 3L by adjusting the amount
of air discharged from the cylinder portion 110 by con-
trolling the opening speed throttle 121.
[0067] Fig. 16 illustrates the cushioning action. When
the piston 114 moves and a left end of the cushion cyl-
inder 112 hits a left end of the cylinder portion 110, the
pressure chamber in the cushion cylinder 112 is blocked
from communicating with the open speed throttle 121,
leaving only the opening cushion throttle 118 as the ex-

haust passage. Thus, the amount of pressure air dis-
charged from the left pressure chamber of the cylinder
unit 110 is reduced, the pressure in the cushion cylinder
112 temporarily increases due to the moving inertia force
of the door leaves 3R and 3L, thus causing a cushioning
action, after which the door leaves 3R and 3L are moved
to the left and right respectively with a reduced speed to
complete the opening operation. The opening speed of
the door leaves 3R and 3L after the cushioning action
can be adjusted by the opening cushion throttle 118.
[0068] The close command is generated when the door
leaves 3R and 3L that are opened are operated to be
closed. The pneumatic door device 2A causes the first
solenoid valve 152 and the second solenoid valve 154
to be demagnetized in response to the close command.
When the first solenoid valve 152 and the second sole-
noid valve 154 are demagnetized, the pressure air pass-
es through the strainer 140, air passage 142a, second
solenoid valve 154, air passage 142b, and air passage
142f, and then through the check valve 124, opening
cushion throttle 118, and opening speed throttle 121, and
the pressure air is supplied to the left pressure chamber
of the cylinder portion 110. At the same time that pressure
air is supplied to the left pressure chamber of the cylinder
portion 110, the pressure air in the right pressure cham-
ber is discharged to the atmosphere. This causes the
piston 114 to move to the right and the door leaves 3R
and 3L to move in the closing direction. When the piston
114 moves and a right end of the cushion cylinder 112
hits a right end of the cylinder portion 110, the cushioning
action occurs, after which the door leaves 3R and 3L are
moved in the left and right directions respectively at a
reduced speed, completing the closing operation. The
pneumatic door device 2A can adjust the opening speed
of door leaves 3R and 3L by adjusting the amount of air
discharged from the cylinder portion 110 by controlling
the closing speed throttle 120.
[0069] At the time of inspection, adjustment, or power
failure of the pneumatic door device 2A, the door leaves
3R and 3L can be opened and closed in response to
operation of the manual push button 160. When the man-
ual push button 160 is pressed to open the door leaves
3R and 3L, plungers of the first solenoid valve 152 and
the second solenoid valve 154 are pushed and the same
state occurs as when the first solenoid valve 152 and the
second solenoid valve 154 are excited, which opens the
door leaves 3R and 3L. While the manual push button
160 is kept pressed, the door leaves 3R and 3L remain
at the opened position. When the manual push button
160 is released, the door leaves 3R and 3L are closed
because the manual push button 160 is returned by a
return spring.
[0070] Fig. 17 is a block diagram schematically show-
ing a configuration of a control system of the pneumatic
door device 2A. The control system of the pneumatic
door device 2A includes, for example, a controller 15A,
a power supply 16A, a changeover valve 150, and a vi-
bration sensor 30A, as shown in Fig. 17.
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[0071] The power supply unit 16A includes a power
unit for converting an alternating-current voltage fed from
an overhead line into a direct-current voltage. The con-
troller 15 includes a door opening-closing control unit
18A, a command unit 19A, and a transmission unit 29A.
The command unit 19A outputs, to the door opening-
closing control unit 18A, an opening or closing signal
(command signal) for opening or closing the door. The
door opening-closing control unit 18A controls the open-
ing and closing of the door based on the open and close
commands.
[0072] The transmission unit 29A transmits information
to the outside (e.g., an unshown management device or
a mobile terminal of a maintenance worker). For exam-
ple, the transmission unit 29A transmits (reports) infor-
mation indicating a component identified by the abnor-
mality identification device 1Ato the outside. The trans-
mission unit 29A may output an alert indicating that an
abnormality has been identified by the abnormality iden-
tification device 1A.
[0073] The door opening-closing control unit 18A in-
cludes, for example, a solenoid valve control unit 150A
and the abnormality identification device 1A. The sole-
noid valve control unit 150A controls the power supply
voltage supplied to the first solenoid valve 152 and the
first solenoid valve 152 of the solenoid valve control sec-
tion 150A from the power supply unit 16A. The solenoid
valve control unit 150A thereby excites and de-magnet-
izes the first solenoid valve 152 and the second solenoid
valve 154.
[0074] The vibration sensor unit 30A generates vibra-
tion information indicating the vibration generated in the
pneumatic door device 2A that opens and closes the
doorway of the railway vehicle during the opening and
closing movement of the pneumatic door device 2A. The
vibration sensor unit 30A is installed, for example, but
not exclusively, in the vicinity of the door separating
mechanism 130. The vibration sensor unit 30A supplies
the generated vibration information to the abnormality
identification device 1A. The vibration sensor unit 30A
may be disposed at any position provided that it can de-
tect vibration in the pneumatic door device 2A. In addition
to the sensor that detects vibration, the vibration sensor
unit 30A may further include a sound pressure sensor
that detects sound pressure as the vibration generated
in the pneumatic door device 2A during the opening and
closing operation of the door of the pneumatic door de-
vice 2A. The vibration sensor unit 30A may detect both
the vibration generated in the pneumatic door device 2A
during the opening and closing operation of the pneu-
matic door device 2A and the sound pressure generated
during the opening and closing movements of the door
of the pneumatic door device 2A.
[0075] The abnormality identification device 1A ob-
tains vibration information indicating vibration of the
pneumatic door device 2A generated in the opening and
closing movements of the door of the pneumatic door
device 2A, and determines whether an abnormality of

the pneumatic door device 2A occurs by comparing the
vibration indicated by the obtained vibration information
with a predetermined vibration reference value. The ab-
normality identification device 1A then obtains movement
information indicating the elapsed time from the start of
operation of the pneumatic door device 2A to a specific
point in time at which the abnormality is determined or
movement information indicating the opening or closing
amount of the door of the pneumatic door device 2A. The
abnormality identification device 1A identifies a compo-
nent related to an operation of the pneumatic door device
2A at the specific point in time among the plurality of
components of the pneumatic door device 2A using the
movement information.
[0076] Fig. 18 is a block diagram showing an example
of a functional configuration of the abnormality identifi-
cation device 1A. The abnormality identification device
1A includes, for example, a vibration obtaining unit 40A,
a timing detection unit 40B, a determination unit 42A, a
movement obtaining unit 44A, an identification unit 46A,
a vibration reference value data storage 52A, and an ab-
normality data storage 54A. The functions of each com-
ponent, such as the vibration obtaining unit 40A, the tim-
ing detection unit 40B, the determination unit 42A, the
movement obtaining unit 44A, and the identification unit
46A are realized by, for example, executing a program
stored in the program memory by a computer such as a
CPU (Central Processing Unit) installed in the door open-
ing-closing control unit 18A. The vibration reference val-
ue data storage 52A and the abnormality data storage
54A are implemented by various storage devices such
as RAM, ROM, SSD, hard disk, etc.
[0077] The vibration obtaining unit 40 obtains the vi-
bration information indicating the vibration generated
during the opening and closing movements of the door
of the pneumatic door device 2A. The timing detection
unit 40B detects the movement timing of the door leaves
3R and 3L in response to the detection of the open or
close command outputted from the command unit 19A.
The determination unit 42A determines whether there is
an abnormality of the pneumatic door device 2A by com-
paring the vibration indicated by the vibration information
obtained by the vibration obtaining unit 40A with a pre-
determined vibration reference value. The vibration ref-
erence value is indicated by vibration reference value
data stored in the vibration reference value data storage
52A. The vibration reference value data storage 52A
stores the vibration reference value data indicating the
vibration reference values.
[0078] The movement obtaining unit 44A obtains
movement information indicating the elapsed time from
the start of movement of the pneumatic door device 2A
to a specific point in time at which the abnormality is de-
termined by the determination unit 42A or indicating the
opening or closing amount of the door of the pneumatic
door device 2A. The movement obtaining unit 44A ob-
tains the elapsed time by calculating from the time of the
movement of the door leaves 3R and 3L detected by the
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timing detection unit 40B. The movement obtaining unit
44A may calculate the door position from the elapsed
time and the speed of the door leaves 3R and 3L corre-
sponding to the elapsed time.
[0079] The identification unit 46A identifies a compo-
nent related to the operation of the pneumatic door device
2A at the specific time among the plurality of components
of the pneumatic door device 2A using the movement
information. The plurality of components of the pneumat-
ic door device 2A include the parts of the pneumatic door
device 2A described above, such as, but not limited to,
the door rollers 6, the door separating mechanism 130,
the cylinder portion 110, the changeover valve 150, and
the exhaust silencer 144. The identification unit 46A
stores, in the abnormality data storage unit 54A, abnor-
mality data in which, for example, the vibration informa-
tion, the specific point in time or the position of the door,
and the identified components are associated with each
other. The identification unit 46A may transmit the ab-
normality data as a processing result to an external de-
vice such as the management device (not shown) or mo-
bile terminal of the maintenance worker.
[0080] The door opening-closing control unit 18A of
the pneumatic door device 2A performs a process ac-
cording to the flowchart of Fig. 5 described in the first
embodiment above. The door opening-closing control
unit 18A first inputs the open or close command from the
command unit 19A (step S100). The door opening-clos-
ing control unit 18A then causes the door leaves 3R and
3L to start an opening or closing movement by supplying
or exhausting air to the cylinder portion 110 (step S102).
The abnormality identification device 1A collects the vi-
bration information acquired from the vibration sensor
unit 30A and the elapsed time (movement information)
from the time of the input of the open or close command.
The determination unit 42A of the abnormality identifica-
tion device 1A determines whether there is an abnormal-
ity of the pneumatic door device 2A by comparing the
vibration indicated by the vibration information and the
vibration reference value (step S106). When the deter-
mination unit 42A determines there is no abnormality of
the pneumatic door device 2A (step S106: NO), the proc-
ess of the flowchart ends. When the determination unit
42A determines that there is an abnormality of the pneu-
matic door device 2A (step S106: YES), the identification
unit 46A identifies the component of the pneumatic door
device 2A using the movement information as of the spe-
cific time when the abnormality is determined (step
S108). The identification unit 46A then records the ab-
normality data in the abnormality data storage 54A (step
S110).
[0081] Fig. 19 illustrates an example of the position
(stroke) [mm] of the door leaves 3R and 3L, air pressure
[Pa] supplied to the cylinder portion 110, and the vibration
information of the door roller 6 with reference to the time
axis. Fig. 20 illustrates an example of the position (stroke)
[mm] of the door leaves 3R and 3L, air pressure [Pa]
supplied to the cylinder portion 110, and the vibration

information of the door roller 6 with reference to the time
axis when there is an abnormality of the door roller 6. In
Figs. 19 and 20, the horizontal axis represents the
elapsed time, and the vertical axis represents the door
position and the magnitude of vibration. Here, P0 is the
fully closed position and P10 is the fully opened position
of the door. The pneumatic door device 2A opens the
door from time t0 to time t10, stops opening and closing
the door from time t10 to time t11, and closes the door
from time t11 to time t12. The air pressure supplied to
the cylinder portion 110 is a constant value (level A) from
the fully closed to fully opened state of the door. For con-
venience of explanation, Figs. 19 and 20 show the sup-
plied air pressure (level A) and vibration information (level
B) of the cylinder portion 110 on the vertical axis on the
right side of the drawing. The vertical axis on the right
side of the drawing represents the vibration information
and does not represent which is greater or lesser be-
tween the supply air pressure (level A) and the vibration
information (level B). The same applies to Figs. 21 to 28.
[0082] When there is no abnormality of the door roller
6, as shown in Fig. 19, the vibration detected during the
movement of the door roller 6 fluctuates around the level
B. When there is an abnormality of the door roller 6, the
vibration occurring during the movement of the door roller
6 fluctuates around the level B as shown in Fig. 20, and
the amplitude of the vibration is increased compared to
that of Fig. 19. The determination unit 42A determines
that there is an abnormality when the vibration amplitude
normally fluctuating around the level B exceeds the am-
plitude (vibration reference value) shown when there is
no abnormality of the door roller 6. When the determina-
tion unit 42A determines whether there is an abnormality
in the vibration amplitude normally fluctuating around the
level B in the elapsed times (t0 to t10, t11 to t12) during
which the opening and closing operations of the door are
performed, the identification unit 46A can identify the
door roller 6 as the component related to the operation
of the pneumatic door device 2A at the time when the
abnormality is determined.
[0083] Fig. 21 illustrates an example of the position
(stroke) [mm] of the door leaves 3R and 3L, air pressure
[Pa] supplied to the cylinder portion 110, and the vibration
information of the door separating mechanism 130 with
reference to the time axis. Fig. 22 illustrates an example
of the position (stroke) [mm] of the door leaves 3R and
3L, air pressure [Pa] supplied to the cylinder portion 110,
and the vibration information of the door roller 130 with
reference to the time axis when there is an abnormality
of the door separating mechanism 130. When there is
no abnormality of the door separating mechanism 130,
the vibration detected during the movement of the door
separating mechanism 130 fluctuates around level C as
shown in Fig. 21. When there is an abnormality of the
door separating mechanism 130, the vibration occurring
during the operation of the door separating mechanism
130 fluctuates around the level C as shown in Fig. 22,
and the amplitude of the vibration is increased compared
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to that of Fig. 21. The determination unit 42A determines
that there is an abnormality when the vibration amplitude
normally fluctuating around the level C exceeds the am-
plitude (vibration reference value) shown when there is
no abnormality of the door separating mechanism 130.
When the determination unit 42A determines whether
there is an abnormality in the vibration amplitude normal-
ly fluctuating around the level C in the elapsed times (t0
to t10, t11 to t12) during which the opening and closing
operations of the door are performed, the identification
unit 46A can identify the door separating mechanism 130
as the component related to the operation of the pneu-
matic door device 2A at the time when the abnormality
is determined.
[0084] Fig. 23 illustrates an example of the position
(stroke) [mm] of the door leaves 3R and 3L, air pressure
[Pa] supplied to the cylinder portion 110, and the vibration
information of the cylinder portion 110 with reference to
the time axis. Fig. 24 illustrates an example of the position
(stroke) [mm] of the door leaves 3R and 3L, air pressure
[Pa] supplied to the cylinder portion 110, and the vibration
information of the cylinder portion 110 with reference to
the time axis when there is an abnormality of the cylinder
portion 110. When there is no abnormality of the cylinder
portion 110, the vibration detected during the operation
of the cylinder portion 110 fluctuates around level D as
shown in Fig. 23. When there is an abnormality of the
cylinder portion 110, the vibration occurring during the
operation of the cylinder portion 110 fluctuates around
the level D as shown in Fig. 24, but the amplitude of the
vibration is increased compared to that of Fig. 23. The
determination unit 42A determines that there is an ab-
normality when the vibration amplitude normally fluctu-
ating around the level D exceeds the amplitude (vibration
reference value) shown when there is no abnormality of
the cylinder portion 110. When the determination unit 42A
determines whether there is an abnormality in the vibra-
tion amplitude normally fluctuating around the level D in
the elapsed times (t0 to t10, t11 to t12) during which the
opening and closing operations of the door are per-
formed, the identification unit 46A can identify the cylin-
der portion 110 as the component related to the operation
of the pneumatic door device 2A at the time when the
abnormality is determined.
[0085] Fig. 25 illustrates an example of information on
the position (stroke) [mm] of the door leaves 3R and 3L,
air pressure [Pa] supplied to the cylinder portion 110, and
vibration of a changeover valve portion 150 (the first so-
lenoid valve 152 and/or the second solenoid valve 154)
with reference to the time axis. Fig. 26 illustrates an ex-
ample of the position (stroke) [mm] of the door leaves 3R
and 3L, air pressure [Pa] supplied to the cylinder portion
110, and the vibration information of the changeover
valve portion 150 with reference to the time axis when
there is an abnormality of the changeover valve portion
150. When there is no abnormality of the changeover
valve portion 150, the vibration detected during the op-
eration of the changeover valve portion 150 fluctuates

around level E as shown in Fig. 25. When there is an
abnormality of the changeover valve portion 150, the vi-
bration occurring during the operation of the changeover
valve portion 150 fluctuates around the level E as shown
in Fig. 26, but the amplitude of the vibration is increased
compared to that of Fig. 25. The determination unit 42A
determines that there is an abnormality when the vibra-
tion amplitude normally fluctuating around the level E ex-
ceeds the amplitude (vibration reference value) shown
when there is no abnormality of the changeover valve
portion 150. When the determination unit 42A determines
whether there is an abnormality in the vibration amplitude
normally fluctuating around the level E in the elapsed
times (t0 to t10, t11 to t12) during which the opening and
closing operations of the door are performed, the identi-
fication unit 46A can identify the changeover valve por-
tion 150 as the component related to the operation of the
pneumatic door device 2A at the time when the abnor-
mality is determined.
[0086] Fig. 27 illustrates an example of the position
(stroke) [mm] of the door leaves 3R and 3L, air pressure
[Pa] supplied to the cylinder portion 110, and the vibration
information of the exhaust silencer 144 with reference to
the time axis. Fig. 28 illustrates an example of the position
(stroke) [mm] of the door leaves 3R and 3L, air pressure
[Pa] supplied to the cylinder portion 110, and the vibration
information of the door exhaust silencer 144 with refer-
ence to the time axis when there is an abnormality of the
exhaust silencer 144. When there is no abnormality of
the exhaust silencer 144, the vibration detected during
the operation of the exhaust silencer 144 fluctuates
around the level F as shown in Fig. 27. When there is an
abnormality of the exhaust silencer 144, the vibration oc-
curring during the operation of the exhaust silencer 144
fluctuates around the level F as shown in Fig. 28, and
the amplitude of the vibration is increased compared to
that of Fig. 27. The determination unit 42A determines
that there is an abnormality when the vibration amplitude
normally fluctuating around the level F exceeds the am-
plitude (vibration reference value) shown when there is
no abnormality of the exhaust silencer 144. When the
determination unit 42A determines whether there is an
abnormality in the vibration amplitude normally fluctuat-
ing around the level F in the elapsed times (t0 to t10, t11
to t12) during which the opening and closing operations
of the door are performed, the identification unit 46A can
identify the exhaust silencer 144 as the component re-
lated to the operation of the pneumatic door device 2A
at the time when the abnormality is determined.
[0087] As described above, in the abnormality identi-
fication device 1A of the second embodiment, the pneu-
matic door device 2A includes, as the plurality of com-
ponents, the cylinder portion 110 in which the piston 114
is provided to move in the pressure chamber, the valve
(changeover valve portion 150, the first solenoid valve
152, the second solenoid valve 154) that supplies or ex-
hausts air to the pressure chamber to move the piston
114, and a transmission unit (the door separating mech-
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anism 130, the upper rack 104, the lower rack 108) that
transmits the moving force of the piston 114 to the pneu-
matic door device 2A. The identification unit 46A can
specify, using the movement information, the compo-
nents related to the operation of the pneumatic door de-
vice 2A at the time when the determination unit 42A de-
termines that there is an abnormality. Thus, with the ab-
normality identification device 1A, it is possible to identify
which of the plurality of components of the pneumatic
door device 2A is the cause of the abnormality of the
pneumatic door device 2A without requiring a process to
convert the time-domain vibration into the frequency do-
main. As a result, the abnormality identification device
1A can reduce the load of the processing to identify the
cause of the failure.
[0088] The pneumatic door device 2A includes the
door roller 6 as the plurality of components, and in the
abnormality identification device 1A, the identification
unit 46A can identify the door roller 6 as the component
related to the operation of the pneumatic door device 2A
at the time when the abnormality is determined, using
the movement information (for example, elapsed times
t0 to t10, t11 to t12) as described with reference to Figs.
19 and 20.
[0089] The pneumatic door device 2A includes the
door separating mechanism 130 as the plurality of com-
ponents, and in the abnormality identification device 1A,
the identification unit 46A can identify the door separating
mechanism 130 as the component related to the opera-
tion of the pneumatic door device 2A at the time when
the abnormality is determined, using the movement in-
formation (for example, elapsed times t0 to t10, t11 to
t12) as described with reference to Figs. 21 and 22.
[0090] The pneumatic door device 2A includes the cyl-
inder portion 110 as the plurality of components, and in
the abnormality identification device 1A, the identification
unit 46A can identify the door roller 110 as the component
related to the operation of the pneumatic door device 2A
at the time when the abnormality is determined, using
the movement information (for example, elapsed times
t0 to t10, t11 to t12) as described with reference to Figs.
23 and 24.
[0091] The pneumatic door device 2A includes the first
electromagnetic valve 152 and the second electromag-
netic valve 154 as the plurality of components, and in the
abnormality identification device 1A, the identification
unit 46A can identify the first electromagnetic valve 152
and the second electromagnetic valve 154 as the com-
ponent related to the operation of the pneumatic door
device 2A at the time when the abnormality is determined,
using the movement information (for example, elapsed
times t0 to t10, t11 to t12) as described with reference to
Figs. 25 and 26.
[0092] The pneumatic door device 2A includes the ex-
haust silencer 144 as the plurality of components, and in
the abnormality identification device 1A, the identification
unit 46A can identify the exhaust silencer 144 as the com-
ponent related to the operation of the pneumatic door

device 2A at the time when the abnormality is determined,
using the movement information (for example, elapsed
times t0 to t10, t11 to t12) as described with reference to
Figs. 27 and 28.

Third Embodiment

[0093] The third embodiment of the invention will be
hereinafter described. The abnormality identification de-
vice of the third embodiment differs from the above first
and second embodiments in that it includes an inclination
obtaining unit that obtains inclination information indicat-
ing the inclination of the door device. The abnormality
identification device compares the inclination indicated
by the inclination information with an inclination reference
value, and determines that the operation of the door de-
vice is not abnormal when both the vibration information
and the inclination information indicate an abnormality.
The features different from the first and second embod-
iments will be further described below. For purposes of
clarity and brevity, like elements and components are
labeled with same or similar designations and numbering
as discussed in the first and second embodiments and
description of such elements will be hereunder omitted.
The description of the second embodiment will focus on
the points that differ from the first embodiment described
above. Although this third embodiment can be applied to
both the electric door device 2 and the pneumatic door
device 2A, the third embodiment will be described as the
case where it is applied to the electric door device 2.
[0094] Fig. 29 shows an example in which the door of
the electric door device 2 is tilted, and Fig. 30 shows
another example in which the door of the electric door
device 2 is tilted. For example, as shown in Fig. 29, when
a person presses or pushes the door leaves 3R and 3L
in the thickness direction of in a crowded railway vehicle,
the door leaves 3R and 3L of the electric door device 2
are tilted. In addition, as shown in Fig. 30, when the train
tilts by stopping on a curved rail, the door leaves 3R and
3L of the electric door device 2 also tilt.
[0095] Fig. 31 is a longitudinal view showing the state
in which the door leaves 3R and 3L are not tilted. Fig. 32
is a longitudinal sectional view showing the state of the
door leaves 3R and 3L when an external force is applied
to the door leaves 3R and 3L by a person. Fig. 33 is a
longitudinal sectional view showing the state of door
leaves 3R and 3L when the vehicle body is tilted. The
door leaves 3R and 3L are hung and supported by the
door leaf connecting plate 5a included in the door hanging
device 5. On the upper surface of the guide rail 4, pro-
vided is a tilt sensor unit 60 that generates tilt information
indicating the tilt of the electric door device 2. A door
operator 2a that houses the motor 11 and other compo-
nents is provided above the guide rail 4. The door oper-
ator 2a is disposed, for example, inclined with respect to
the +Y direction when the door leaves 3R and 3L are not
tilted.
[0096] In a state where the door leaves 3R and 3L are
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not tilted, the door leaves 3R and 3L are supported along
the vertical direction (Y direction) as shown in Fig. 31. In
a state where an external force is applied to the door
leaves 3R and 3L by a person, the door leaves 3R and
3L are pressed from the -Z side to the +Z side, causing
the door leaves to roll toward the +Z side with respect to
the door hanging device 5, as shown in Fig. 32. When
the vehicle body tilts, the door operator 2A, door hanging
device 5, door connecting plate 5A, and guide rail 4 are
tilted as shown in Fig. 33. Then, the door leaves 3R and
3L roll to the -Z side with respect to the door hanging
device 5 due to their own weight of the door leaves 3R
and 3L.
[0097] Fig. 34 is a block diagram showing an example
of a functional configuration of an abnormality identifica-
tion device 1B. The abnormality identification device 1B
includes, for example, the vibration obtaining unit 40, a
tilt obtaining unit 62, a vehicle location obtaining unit 64,
a determination unit 42B, a movement obtaining unit 44B,
an identification unit 46B, the current value obtaining unit
48, the speed value obtaining unit 50, a vibration refer-
ence value data storage 52B, and the abnormality data
storage 54. The functions of each component, such as
the vibration obtaining unit 40, the tilt obtaining unit 62,
the vehicle location obtaining unit 64, the determination
unit 42B, the movement obtaining unit 44B, the identifi-
cation unit 46B, the current value obtaining unit 48, and
the speed value obtaining unit 50, are realized by, for
example, executing a program stored in the program
memory by a computer such as a CPU (Central Process-
ing Unit) installed in the door opening-closing control unit
18. The vibration reference value data storage 52B and
the abnormality data storage 54 are implemented by var-
ious storage devices such as RAM, ROM, SSD, hard
disk, etc.
[0098] The vibration obtaining unit 40 obtains the vi-
bration information indicating the vibration generated in
the opening and closing movements of the door of the
electric door device 2. The tilt obtaining unit 62 obtains
the tilt information from the tilt sensor unit 60. The vehicle
location obtaining unit 64 obtains the vehicle location in-
formation. The vehicle location information is information
indicating the location of the rail vehicle equipped with
the electric door device 2, for example, information for
identifying the position of the railway vehicle by latitude
and longitude. The vehicle location information is de-
rived, for example, by a GPS (Global Positioning System)
device mounted on the railway vehicle.
[0099] The determination unit 42B determines whether
there is an abnormality of the electric door device 2 by
comparing the vibration indicated by the vibration infor-
mation obtained by the vibration obtaining unit 40 with a
predetermined vibration reference value. The vibration
reference value is indicated by vibration reference value
data stored in the vibration reference value data storage
52. The vibration reference value data storage 52 stores
the vibration reference value data indicating the vibration
reference values. The current value obtaining unit 48 ob-

tains a current value from the motor current detector 27.
The determination unit 42B may determine an abnormal-
ity of the electric door device 2 by comparing the current
value obtained from the motor current detector 27 with a
current reference value stored in the vibration reference
value data storage 52.
[0100] The determination unit 42B further compares
the tilt indicated by the tilt information obtained by the tilt
obtaining unit 62 with a predetermined tilt reference val-
ue, and when both the vibration information and the tilt
information indicate that there is abnormality, the deter-
mination unit 42B determines that there is no abnormality
of the electric door device 2. The tilt reference value is
the reference value of tilt indicated by the tilt reference
value data stored in the vibration reference value data
storage 52B.
[0101] The determination unit 42B may obtain the tilt
information corresponding to the vehicle location ob-
tained by the vehicle location obtaining unit 64. The tilt
information corresponding to the vehicle location is
stored, for example, in the vibration reference value data
storage 52B. The determination unit 42B compares the
tilt indicated by the tilt information corresponding to the
vehicle location with a predetermined tilt reference value,
and when both the vibration information and the tilt infor-
mation indicate that there is abnormality, the determina-
tion unit 42B determines that there is no abnormality of
the electric door device 2.
[0102] The current value obtaining unit 48 obtains a
current value from the motor current detector 27. The
speed value obtaining unit 50 obtains a speed value from
the speed detection unit 25. The movement obtaining
unit 44B detects the position of the door that is moving
to be opened based on the speed value from the speed
value obtaining unit 50. The movement obtaining unit 44B
obtains movement information indicating the elapsed
time from the start of opening or closing movement of
the electric door device 2 to a specific point in time at
which the abnormality is determined by the determination
unit 42B or indicating the opening or closing amount of
the electric door device 2.
[0103] The identification unit 46B identifies a compo-
nent related to the operation of the electric door device
2 at the specific point in time among the plurality of com-
ponents of the electric door device 2 using the movement
information. The identification unit 46B stores, in the ab-
normality data storage unit 54, abnormality data in which,
for example, the vibration information, the specific point
in time or the position of the door, and the identified com-
ponents are associated with each other. The identifica-
tion unit 46B may transmit the abnormality data as a
processing result to an external device such as the man-
agement device (not shown) or mobile terminal of the
maintenance worker.
[0104] Fig. 35 is a flowchart showing exemplary steps
of a process performed in the door opening-closing con-
trol unit 18 including the abnormality identification device
1B. The door opening-closing control unit 18 inputs the
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open or close command from the command unit 19 (step
S200). The abnormality identification device 1B obtains
the vehicle location information (step S202). The door
opening-closing control unit 18 causes the motor 11 to
be driven by the motor driving unit 23 to start the open
or close operation of the electric door device 2 (step
S204). The abnormality identification device 1B collects
the tilt information obtained from the tilt sensor unit 60,
the tilt information corresponding to the vehicle location
information, the vibration information obtained from the
vibration sensor unit 30, and the position (movement in-
formation) of the door detected based on the speed value
detected by the speed detection unit 25 (step S206). The
determination unit 42B of the abnormality identification
device 1 determines whether there is an abnormality of
the electric door device 2 by comparing the vibration in-
dicated by the vibration information and the vibration ref-
erence value (step S208). When the determination unit
42B determines there is no abnormality of the electric
door device 2 (step S208: NO), the process of the flow-
chart ends.
[0105] When the determination unit 42B determines
that there is an abnormality of the electric door device 2
(step S208: YES), it further determines whether the tilt
of the railway vehicle is detected by using the tilt infor-
mation (step S210). When the tilt indicated by the tilt in-
formation obtained from the tilt sensor unit 60 exceeds
a predetermined inclination, the determination unit 42B
detects the tilt of the railway vehicle. When the determi-
nation unit 42B does not detect the tilt of the railway ve-
hicle (step S210: NO), it identifies the component of the
electric door device 2 using the movement information
as of the specific time when the abnormal is determined
by the identification unit 46B (step S212). The identifica-
tion unit 46B then records the abnormality data in the
abnormality data storage 54 (step S214).
[0106] When the determination unit 42B detected the
tilt of the railway vehicle (step S210: YES), it determines
whether the railway vehicle was tilted by the tilt indicated
by the vehicle location information (step S216). When
the tilt indicated by the tilt information obtained from the
tilt sensor unit 60 matches or corresponds to the tilt based
on the vehicle location obtained from the vibration refer-
ence value data storage 52B with a predetermined mar-
gin of error, the determination unit 42B determines that
the tilt was generated due to the vehicle location. When
the determination unit 42B determined that the tilt was
generated due to the vehicle location (step S216: YES),
it determines that there is no abnormality of the electric
door device 2 and records the vibration abnormality and
the vehicle tilt abnormality (step S218).
[0107] When the determination unit 42B determined
that the tilt is not occurring due to the vehicle location
(step S216: NO), it determines whether the number of
times the tilt of the railway vehicle is detected is above a
threshold value (step S220). This determination is per-
formed because, for example, when the door leaves 3R
and 3L are pressurized by passengers fully packed in

the vehicle, the tilt exceeding the threshold value may be
detected. When the number of times the tilt of the railway
vehicle is detected exceeds the threshold value (step
S220: YES), the determination unit 42B determines that
there is no abnormality of the electric door device 2 and
records the abnormal vibration and the abnormal tilt due
to pressurization (step S222). When the number of times
the tilt of the railway vehicle is detected is not more than
the threshold value (step S220: NO), the identification
unit 46B identifies the component of the electric door de-
vice 2 using the movement information as of the specific
time when the abnormality is determined (step S212) and
records the abnormality data in the abnormality data stor-
age 54 (step S214).
[0108] As a modification example of step S208, the
determination unit 42B may exclude, from the vibration
indicated by the vibration information, the vibration gen-
erated by the tilt indicated by the tilt information obtained
from the tilt sensor unit 60, and compare the vibration
from which the vibration caused by the tilt indicated by
the tilt information with a predetermined vibration refer-
ence value to determine whether there is an abnormality
of the electric door device 2. For the information indicating
the vibration caused by the tilt, vibration information that
has been sampled in advance for each tilt angle is stored
in the vibration reference value data storage 52B, for ex-
ample, the determination unit 42B obtains, from the vi-
bration reference value data storage 52B, the vibration
information corresponding to the tilt collected in step
S206.
[0109] As described above, the abnormality identifica-
tion device 1B of the third embodiment includes the tilt
obtaining unit 62 that obtains the tilt information indicating
the tilt of the electric door device 2 or pneumatic door
device 2A. The determination unit 42B compares the tilt
indicated by the obtained tilt information with the tilt ref-
erence value, and when the vibration information and tilt
information both indicate that there is an abnormality, the
determination unit 42B determines that there is no ab-
normality of the electric door device 2 or the pneumatic
door device 2A. With the abnormality identification device
1B, it is possible to avoid falsely identifying the compo-
nent of the electric door device 2 or pneumatic door de-
vice 2A related to the abnormality even when the vibration
caused by the inclination of the electric door device 2 or
pneumatic door device 2A occurs.
[0110] The abnormality identification device 1B in-
cludes the tilt obtaining unit 62 that obtains the tilt infor-
mation indicating the tilt of the door leaves 3R and 3L
among the plurality of components. The determination
unit 42B excludes the vibration generated due to the tilt
indicated by the tilt information from the vibration indicat-
ed by the vibration information. The determination unit
42B then determines whether there is an abnormality of
the electric door device 2 or pneumatic door device 2A
by comparing the vibration from which the vibration
caused by the tilt indicated by the tilt information with the
predetermined vibration reference value. With the abnor-
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mality identification device 1B, it is possible to increase
the accuracy of determining whether or not an abnormal-
ity exists.
[0111] The foregoing is the description of the embod-
iments of the present invention with reference to the
drawings. Specific configurations are not limited to the
above embodiments but include design modifications
within the purport of the present invention.
[0112] According to the foregoing embodiments dis-
closed herein, a plurality of functions are distributively
provided. Some or all of the functions may be integrated.
Any one of the functions may be partly or entirely seg-
mented into a plurality of functions, which are distribu-
tively provided. Irrespective of whether or not the func-
tions are integrated or distributed, they are acceptable
as long as they are configured to solve the problems.
[0113] The functions of the devices (for example, the
abnormality identification device 1A, the abnormality
identification device 1B, the electric door device 2, and
the pneumatic door device 2A) of the embodiments de-
scribed above may be implemented in a program stored
on a tangible computer-readable storage medium, and
the program stored on the storage medium may be load-
ed onto a computer system and executed for processing.
The "computer system" mentioned above may include
an operating system (OS) or hardware such as peripheral
devices. The "computer-readable storage medium" men-
tioned above refers to a storage device such as a portable
medium like a flexible disc, a magneto-optical disc, a
ROM (Read Only Memory), a flash memory or other wri-
table non-volatile memory, and a DVD (Digital Versatile
Disc), and a hard disk built-in to the computer system.
[0114] Further, the "computer-readable storage medi-
um" includes storage media that retain the program for
some period of time, like a volatile memory (for example,
DRAM (Dynamic Random Access Memory)) in an infor-
mation processing device receiving the program through
a network such as the Internet or a communication line
such as a telephone line, and a computer system that
operates as a client. The computer program mentioned
above may be transmitted from a computer system that
includes a storage device or the like storing the program
to another computer system through a transmission me-
dium or by a transmission wave in a transmission medi-
um. The "transmission medium" for transmitting the pro-
gram refers to a medium that operates to transmit infor-
mation, like a network (communication network) such as
the Internet or a communication line (communication
wire) such as the telephone line. Only a part of the func-
tions described above may be implemented in the above
program. Further, the functions described above may be
implemented by a combination of the above program and
other programs previously stored on the computer sys-
tem. That is, the above program may be what is called a
difference file (a difference program).

LIST OF REFERENCE NUMBERS

[0115]

1, 1A, 1B abnormality identification device
2 electric door device (railway door de-

vice, automatic door device)
2A pneumatic door device
3R, 3L door leaf
4 guide rail
5, 5L, 5R door hanging device
6 door rollers
7 rubber on the edge of door
8R right rack gear
8L left rack gear
9L left connecting bracket
9R right connecting bracket
10 pinion gear
11 motor
12 rotational axis
13 sun gear
14 planetary gears
15, 15A controller
16, 16A power supply unit
17 motor monitor unit
18, 18A door opening-closing control unit
19, 19A command unit
20 lock unit
21 power-supply voltage detecting unit
22 PWM control unit
22R, 22L lock pin
23 motor driving unit
24 Hall signal detection unit
25 speed detection unit
26 Hall element
27 motor current detector
29, 29A transmission unit
30, 30A vibration sensor unit
40 vibration obtaining unit
40A vibration obtaining unit
40B timing detection unit
42, 42A, 42B determination unit
44, 44A, 44B movement obtaining unit
46, 46A, 46B identification unit
48 current value obtaining unit
50 speed value obtaining unit
52, 52A, 52B vibration reference value data storage
54, 54A abnormality data storage
60 tilt sensor unit
62 tilt obtaining unit
64 vehicle location obtaining unit
102 connecting fitting
104 upper lack
108 lower lack
110 cylinder portion
112 cushion cylinder
114 piston
115 piston shaft
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122, 124 check valve
130 door separating mechanism
132 pinion
134 door switch
136 switch push rod
140 strainer
142a to 142f air passage
144 exhaust silencer
150 changeover valve unit (changeover

valve)
150A solenoid valve control unit
152 first electromagnetic valve
154 second electromagnetic valve
160 manual push button

Claims

1. An abnormality identification device (1), comprising:

a vibration obtaining unit (40) obtaining vibration
information that indicates a vibration generated
during opening and closing movements of a door
leaf (3R, 3L) of a door device (2), the door device
(2) opening and closing a doorway of a railway
vehicle;
a determination unit (42) determining whether
there is an abnormality of the door device (2) by
comparing the vibration indicated by the ob-
tained vibration information with a predeter-
mined vibration reference value;
a movement obtaining unit (44) obtaining move-
ment information that indicates an elapsed time
or a displacement of the door leaf (3R, 3L) of
the door device (2) from start of operation of the
door device (2) to a specific point in time at which
abnormality is determined by the determination
unit (42) or indicates; and
an identification unit (46) identifying a compo-
nent related to an operation of the door device
(2) at the specific point in time among a plurality
of components of the door device (2), the com-
ponent being identified using the movement in-
formation.

2. The abnormality identification device (1) of claim 1,
wherein the plurality of components include a motor
(11) powering the door leaf (3R, 3L) to move the door
leaf (3R, 3L) to be opened and closed, and a lock
unit (20) receiving power from the motor (11) and
locking the door leaf (3R, 3L) after the door leaf (3R,
3L) reaches a fully closed position during the closing
movement,

wherein the vibration obtaining unit (40) obtains
the vibration information indicating the vibration
of the door device (2) when the motor (11) is
driven, and

wherein when the elapsed time or the displace-
ment indicated by the movement information ob-
tained during the closing movement of the door
leaf (3R, 3L) is greater than or equal to an
elapsed time or a displacement from start of the
closing movement of the door leaf (3R, 3L) to
end of the closing movement at the fully closed
position, the identification unit (46) identify the
lock unit (20) as the component related to the
operation of the door device (2).

3. The abnormality identification device (1) of claim 1,
wherein the plurality of the components include a
motor (11) powering the door leaf (3R, 3L) to move
the door leaf (3R, 3L) to be opened and closed, and
a lock unit (20) receiving power from the motor (11)
and unlocking the door leaf (3R, 3L) before the door
leaf (3R, 3L) starts the opening movement,

wherein the vibration obtaining unit (40) obtains
the vibration information indicating the vibration
of the door device (2) when the motor (11) is
driven, and
wherein when the elapsed time or the displace-
ment indicated by the movement information ob-
tained during the opening movement of the door
leaf (3R, 3L) is less than or equal to an elapsed
time or a displacement from unlocking of the lock
unit (20) to start of the opening movement of the
door leaf (3R, 3L), the identification unit (46)
identifies the lock unit (20) as the component
related to the operation of the door device (2).

4. The abnormality identification device (1) of claim 1,
wherein the plurality of components include a door
roller (6) attached to the door leaf (3R, 3L), and the
guide rail (4) that the door roller (6) contacts and rolls
on, and
wherein when a door position of the door leaf (3R,
3L) calculated from the movement information as of
the specific point in a period when the door leaf (3R,
3L) moves to be opened at a constant speed coin-
cides with a door position of the door leaf (3R, 3L)
calculated from the movement information as of the
specific point in a period when the door leaf (3R, 3L)
moves to be closed at a constant speed, the identi-
fication unit (46) identifies the guide rail (4) as the
component related to the operation of the door de-
vice (2).

5. The abnormality identification device (1) of claim 1,
wherein the plurality of components include a motor
(11) generating a driving force to move the door leaf
(3R, 3L) to be opened and closed,

wherein the abnormality identification device (1)
further includes a current value obtaining unit
(48) that obtains current value information indi-
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cating a value of current supplied to the motor
(11),
wherein the determination unit (42) further de-
termines whether there is an abnormality of the
door device (2) by comparing the current value
indicated by the obtained current value informa-
tion with a predetermined current reference val-
ue,
and
wherein when no abnormality is determined
from the vibration information but an abnormality
is determined from the current value informa-
tion, the identification unit (46) identifies the mo-
tor (11) as the component related to the opera-
tion of the door device (2).

6. The abnormality identification device (1) of claim 1,
wherein the door device (2) includes a motor (11)
generating a driving force to move the door leaf (3R,
3L) to be opened and closed,

wherein the abnormality identification device (1)
further includes a sound pressure obtaining unit
(40) that obtains sound pressure information in-
dicating a sound pressure generated during the
opening and closing movements of the door de-
vice (2), and
wherein when no abnormality is determined
from the vibration information and the sound
pressure exceeds a sound pressure reference
value in a period from start to end of the opening
or closing movement, the identification unit (46)
identifies the motor (11) as the component re-
lated to the operation of the door device (2).

7. The abnormality identification device (1A) of claim
1, wherein the door device (2A) includes, as the plu-
rality of components, a cylinder portion (110) in which
a piston (114) is provided to move in a pressure
chamber, a valve that supplies air to or exhausts air
from the pressure chamber to move the piston (114),
and a transmission unit that transmits a moving force
of the piston (114) to the door device (2A), and
wherein the identification unit (46A) identifies the
component related to an operation of the door device
(2A) at a time when the determination unit (42A) de-
termines an abnormality by using the movement in-
formation.

8. The abnormality identification device (1B) of claim
1, further comprising a tilt obtaining unit (62) obtain-
ing tilt information that indicates a tilt of the door leaf
(3R, 3L),
wherein the determination unit (42B) further com-
pares the tilt indicated by the obtained tilt information
with a predetermined tilt reference value, and when
both the vibration information and the tilt information
indicate that there is abnormality, the determination

unit (42B) determines that there is no abnormality of
the door device (2).

9. The abnormality identification device (1B) of claim
1, further comprising a tilt obtaining unit (62) obtain-
ing tilt information that indicates a tilt of the door leaf
(3R, 3L),
wherein the determination unit (42B) excludes, from
the vibration indicated by the vibration information,
a vibration generated by the tilt indicated by the tilt
information, and compares the vibration from which
the vibration generated by the tilt indicated by the tilt
information with a predetermined vibration reference
value to determine whether there is an abnormality
of the door device (2).

10. An abnormality identification method, comprising:

obtaining vibration information that indicates a
vibration generated during opening and closing
movements of a door leaf (3R, 3L) of a door de-
vice (2) that opens or closes a doorway of a rail-
way vehicle, and movement information that in-
dicates an elapsed time or a displacement of the
door leaf (3R, 3L) from start of operation of the
door device (2);
determining whether there is an abnormality of
the door device (2) by comparing the vibration
indicated by the vibration information with a pre-
determined vibration reference value; and
identifying, from among the plurality of the com-
ponents of the door device (2), a component re-
lated to an operation of the door device (2) at a
specific point in time when it is determined that
there is the abnormality, the component being
identified using an elapsed time or a displace-
ment of the door leaf (3R, 3L) from the start of
operation of the door device (2) to the specific
point in time.

11. A computer-readable storage medium storing a pro-
gram for causing a computer of a door device (2)
that controls opening and closing of a door leaf (3R,
3L) that opens and closes a doorway of a railway
vehicle to:

output an open or close command to the door
device (2);
obtain vibration information that indicates a vi-
bration generated during opening and closing
movements of the door leaf (3R, 3L) and move-
ment information that indicates an elapsed time
or a displacement of the door leaf (3R, 3L) from
start of operation of the door device (2);
determine whether there is an abnormality of the
door device (2) by comparing the vibration indi-
cated by the vibration information with a prede-
termined vibration reference value; and
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identify, from among the plurality of the compo-
nents of the door device (2), a component relat-
ed to an operation of the door device (2) at a
specific point in time when it is determined that
there is the abnormality, the component being
identified using an elapsed time or a displace-
ment of the door leaf (3R, 3L) from the start of
operation of the door device (2) to the specific
point in time.
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