EP 3 792 141 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3792 141 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
17.03.2021 Bulletin 2021/11

(21) Application number: 20195795.8

(22) Date of filing: 11.09.2020

(51) IntClL:

B61L 15/00 (2006.01) B61L 23/04 (2006.0)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 13.09.2019 JP 2019167060
07.08.2020 JP 2020135303

(71) Applicant: Nabtesco Corporation
Tokyo 102-0093 (JP)

(72) Inventors:
¢ MORITA, Mitsumasa
Tokyo 102-0093 (JP)
* SAKURAI, Kyoko
Tokyo 102-0093 (JP)

¢ KATO, Hideo
Tokyo 102-0093 (JP)

¢ OMACHI, Ronpei
Tokyo 102-0093 (JP)

« KASAMATSU, Masaki
Tokyo 102-0093 (JP)

* KIGAMI, Shogo
Tokyo 102-0093 (JP)

« NAKAMURA, Kazuhito
Tokyo 102-0093 (JP)

* WADA, Takashi
Kobe-shi Hyogo 6500022 (JP)

(74) Representative: Griinecker Patent- und

Rechtsanwailte
PartG mbB
LeopoldstraBe 4
80802 Miinchen (DE)

(54) RAILWAY CONDITION MONITORING DEVICE

(57) A railway condition monitoring device (20) in-
cludes an acquirer (30) structured to be attached to a
railway vehicle bogie (10) and acquire state information
on one or more state of vibration, speed, acceleration,
sound, reflected light, image, temperature, humidity, and
a wheel diameter, a determiner (44) structured to be at-
tached to a bogie (10), perform a determination of a state
of a track (8) on which the bogie travels or a state of the

bogie (10) based on the state information acquired by
the acquirer (30), and provide the determination result,
a transmitter(48) structured to be attached to the bogie
(10) and transmit the determination result to an outside
of the bogie (10), and a power supplier (70) structured
to be attached to the bogie (10) and supply power to the
acquirer and the transmitter (48) .
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a railway con-
dition monitoring device, a railway vehicle bogie, a rail-
way vehicle, and a railway brake control device.

2. Description of the Related Art

[0002] A detection device that detects flat wear and
the like of wheels has been known (for example, JP
S60-000311 A). The detection device described in JP
S60-000311 A includes a wheel detector and a shock
vibration detection element which are installed at a cer-
tain distance along a longitudinal direction of a rail, and
a processor that processes output signals of the wheel
detector and the shock vibration detection element. The
processor determines the presence of the flat wear and
the presence of peeling from a magnitude of a vibration
signal of the shock vibration detection element and a du-
ration of the shock vibration.

[0003] In addition, the processor also processes the
output signal of the wheel detector to specify the wheel
or the bogie in which the flat wear or the peeling is
present.

[0004] The inventors have acquired the following rec-
ognition for condition detector such as rails and wheels
of railways. When the rails, the wheels, and the like of
the railways are worn out and fail, there is a risk of af-
fecting an operation of the railway vehicle. From the view-
point of reducing these failures, it is conceivable to short-
en maintenance intervals so that maintenance such as
replacement can be performed before the failure. In this
case, maintenance man-hours and replacement materi-
als are surplus, which is disadvantageous in terms of
cost. On the other hand, if the maintenance intervals are
long, there is a high possibility of failure when the rails,
the wheels, and the like are worn out faster than expect-
ed. Therefore, it is preferable to detect the condition of
the rails, the wheels, and the like and determine the main-
tenance timing based on the detected results.

[0005] Itis preferable thatthe condition detector for the
rails, the wheels, or the like has high versatility. Since
the detection device described in JP S60-000311 A uses
the output signals of the wheel detector and the shock
vibration detection element installed on the rail at a cer-
tain distance related to an inter-vehicle distance, the de-
tection device can perform the detection only on the rail
on the wheel detector and the shock vibration detection
element are installed, and therefore the versatility of the
detection device is not that high.

SUMMARY OF THE INVENTION

[0006] The present invention has been made in view
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of these problems, and an object of the present invention
is to provide a condition monitoring device for a railway
capable of improving versatility.

[0007] In order to solve the above problems, a railway
condition monitoring device according to an aspect of the
present invention includes an acquirer structured to be
attached to a railway vehicle bogie and acquire state in-
formation on one or more state of vibration, speed, ac-
celeration, sound, reflected light, image, temperature,
humidity, and a wheel diameter, a determiner structured
to be attached to a bogie, perform a determination of a
state of a track on which the bogie travels or a state of
the bogie based on the state information acquired by the
acquirer, and provide the determination result, a trans-
mitter structured to be attached to the bogie and transmit
the determination result to an outside of the bogie, and
a power supplier structured to be attached to the bogie
and supply power to the acquirer and the transmitter.
[0008] Note that any combination described above or
the substitutions of components and expressions of the
present invention with each other among methods, de-
vices, programs, temporary or non-temporary storage
media storing the programs, systems, and the like are
also effective as aspects of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Fig. 1 is a schematic front view schematically illus-
trating a railway vehicle;

Fig. 2 is a schematic side view schematically illus-
trating the railway vehicle of Fig. 1;

Fig. 3 is a block diagram schematically illustrating a
condition monitoring device according to a first em-
bodiment;

Fig. 4 is a diagram schematically illustrating an ex-
ample of a data set of a learning model of a condition
monitoring device according to the firstembodiment;
Fig. 5 is a diagram schematically illustrating the
learning model of the condition monitoring device
according to the first embodiment;

Fig. 6 is a block diagram schematically illustrating a
condition monitoring device according to a second
embodiment;

Fig. 7 is a diagram schematically illustrating an ex-
ample of a data set of a learning model of the con-
dition monitoring device according to the second em-
bodiment;

Fig. 8 is a diagram schematically illustrating the
learning model of the condition monitoring device
according to the second embodiment;

Fig. 9 is a block diagram schematically illustrating a
brake control device according to a third embodi-
ment;

Fig. 10 is a flowchart illustrating an operation of the
brake control device according to the third embodi-
ment;
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Fig. 11 is a diagram schematically illustrating an ex-
ample of a data set of a learning model of the brake
control device according to the third embodiment;
Fig. 12 is a diagram schematically illustrating the
learning model of the brake control device according
to the third embodiment;

Fig. 13 is a block diagram schematically illustrating
a condition monitoring device according to a fourth
embodiment;

Fig. 14 is a diagram schematically illustrating shak-
ing of a bogie according to the fourth embodiment;
Fig. 15 is a diagram schematically illustrating an ex-
ample of inclination information for each point for
each axle according to the fourth embodiment;

Fig. 16 is a block diagram schematically illustrating
a condition monitoring device according to a fifth em-
bodiment;

Figs. 17A to 17E are schematic diagrams illustrating
a state in which a bogie according to the fifth em-
bodiment passes through a track surface;

Fig. 18 is a diagram illustrating vibration information
of the bogie according to the fifth embodiment and
another bogie;

Fig. 19 is a flowchart illustrating an operation of the
condition monitoring device according to the fifth em-
bodiment;

Fig. 20 is a block diagram schematically illustrating
a condition monitoring device according to a sixth
embodiment;

Fig. 21 is a flowchart illustrating an operation of a
brake control device according to the sixth embodi-
ment;

Fig. 22 is a diagram schematically illustrating a ratio
of a braking force of a contact brake according to the
sixth embodiment;

Fig. 23 is a diagram schematically illustrating an op-
eration of the contact brake according to the sixth
embodiment;

Fig. 24 is a diagram schemaitically illustrating the op-
eration of the contact brake according to the sixth
embodiment;

Fig. 25 is a block diagram schematically illustrating
a brake control device according to a seventh em-
bodiment;

Fig. 26 is a flowchart illustrating an operation of the
brake control device according to the seventh em-
bodiment;

Figs. 27A and 27B are diagrams schematically illus-
trating the operation of the brake control device ac-
cording to the seventh embodiment;

Fig. 28 is a block diagram schematically illustrating
a condition monitoring device according to an eighth
embodiment;

Fig. 29 is a schematic diagram of a bogie according
to the eighth embodiment as viewed from the front;
Fig. 30is a schematic diagram of the bogie according
to the eighth embodiment as viewed from the side;
Fig. 31 is a block diagram schematically illustrating
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a condition monitoring device according to a ninth
embodiment;

Fig. 32 is a schematic diagram of a bogie according
to the ninth embodiment as viewed from the front;
Fig. 33 is a schematic diagram of the bogie according
to the ninthembodiment as viewed from the side; and
Fig. 34 is a schematic diagram of the bogie according
to the ninth embodiment as viewed from the side.

DETAILED DESCRIPTION OF THE INVENTION

[0010] The invention will now be described by refer-
ence to the preferred embodiments. This does notintend
tolimitthe scope of the presentinvention, but to exemplify
the invention.

[0011] Hereinafter, the present invention will be de-
scribed based on preferred embodiments with reference
to each drawing. In embodiments and modifications, the
same or equivalent constituent elements and members
are designated by the same reference numerals, and the
duplicated description thereof will be omitted as appro-
priate. In addition, dimensions of members in each draw-
ing are shown enlarged or reduced as appropriate for
easy understanding. In addition, some of the members
that are not important for explaining the embodiment are
omitted in each drawing.

[0012] In addition, terms including ordinal numbers
such as first, second, and the like are used to describe
various components, but these terms are used only to
distinguish one component from other components, and
the components are not limited to these terms.

First Embodiment

[0013] A railway condition monitoring device 20 (here-
inafter, simply referred to as "condition monitoring device
20") and a railway brake control device 80 (hereinafter,
simply referred to as "brake control device 80") according
to a first embodiment of the present invention will be de-
scribed with reference to Figs. 1 to 5. Fig. 1 is a schematic
diagram of a front view illustrating a railway vehicle 100.
Fig. 2 is a schematic diagram illustrating the railway ve-
hicle 100 as viewed from the side. Fig. 3 is a block dia-
gram schematically illustrating a condition monitoring de-
vice 20 and a brake control device 80 according to the
present embodiment. The condition monitoring device
20 and the brake control device 80 according to the
present embodiment are mounted on the railway vehicle
100. In particular, the condition monitoring device 20 is
mounted on the bogie 10 of the railway vehicle 100.

[0014] Each functional block illustrated in each draw-
ing of the present disclosure including Fig. 3 can be re-
alized by an electronic element such as a CPU of a com-
puter, a mechanical component, or the like in terms of
hardware, and by a computer program or the like in terms
of software, but the functional blocks realized by the co-
operation thereof are drawn herein. Therefore, it is un-
derstood by those skilled in the art that these functional
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blocks can be realized in various ways by combining
hardware and software.

[0015] Hereinafter, a front-back direction of the vehicle
100 is simply referred to as a front-back direction, and a
width direction of the vehicle 100 is simply referred to as
awidth direction. The vehicle 100 includes a vehicle body
2, a bogie 10, a brake 18, a condition monitoring device
20, and a brake control device 80. The condition moni-
toring device 20 includes an acquirer 30, an information
processor 40, a power supplier 70, and a position infor-
mation acquirer 82. In addition, the brake control device
80 includes the acquirer 30, the information processor
40, and a brake controller 60. The information processor
40 includes a determiner 44, a storage 46, a transmitter
48, a transmission controller 42, and a model generator
45. The brake 18 is constituted by a contact brake 18d
and a regenerative brake 18e.

[0016] The vehicle body 2 is supported by a plurality
of bogies 10 via air springs 12s, and is connected to each
bogie 10 by a traction device 12p. The vehicle body 2
includes a cab 2d. The vehicle 100 includes a motor (not
illustrated) as a prime mover, and travels a track 8 by
driving wheels 16 provided on the bogie 10 by the motor.
The vehicle 100 of the present embodiment includes two
bogies 10 that are spaced apart from each other in the
front and rear.

[0017] The bogie 10includes a bogie frame 12, a shaft
spring 12j, and an unsprung part 14. The bogie frame 12
has the vehicle body 2 supported thereabove. The uns-
prung part 14 is supported by the bogie frame 12 via shaft
spring 12j. The shaft spring 12j is two coil springs that
are provided spaced apart from each other in the width
direction. The shaft spring 12j may include a spring dif-
ferent from a type of the coil spring.

[0018] The unsprung part 14 includes an axle box 14b,
a bearing 14c, a wheel 16, an axle 16s, and a contact
brake 18d. Two axle boxes 14b are provided correspond-
ing to the two coil springs of the shaft spring 12]. The axle
box 14b is a box-shaped component supported by the
bogie frame 12 from above via the shaft spring 12j. The
bearing 14c is housed in the axle box 14b and rotatably
supports the axle 16s. The number of coil springs is not
limited to two and may be two or more.

[0019] Two wheels 16 are provided spaced apart from
each other in the width direction, and the axle 16s is pro-
vided at a center thereof. The wheel 16 has a cylindrical
or conical tread surface 16b rolling on the track 8 and a
flange 16c. The axle 16s penetrates through the center
of the wheel 16, and a portion of the wheel 16 protruding
outward in the width direction is supported by the bearing
14c in the axle box 14b. The contact brake 18d includes
an actuator 18a and a brake shoe 18b. The actuator 18a
is driven by an action of an air pressure for driving a
brake, and the brake shoe 18b is pressed against the
tread surface 16b to generate a braking force on the
wheel 16.
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Brake Control Device

[0020] The vehicle 100 of the present embodiment in-
cludes aregenerative brake 18e in addition to the contact
brake 18d. The brake control device 80 changes how to
apply the brake 18 based on control information from the
condition monitoring device 20 or other controllers. In
particular, when the brake controller 60 receives a brake
control signal Bc transmitted according to a determina-
tion result E1, the brake controller 60 changes operation
timings of a contact brake 18d and a regenerative brake
18e. The brake controller 60 is arranged in the cab 2d of
the vehicle 100.

Condition Monitoring Device

[0021] The condition monitoring device 20 will be de-
scribed. As described above, the condition monitoring
device 20 includes the acquirer 30, the information proc-
essor 40, the power supplier 70, and the position infor-
mation acquirer 82, and the information processor 40 in-
cludes the determiner 44, the storage 46, and the trans-
mitter 48, the transmission controller 42, and the model
generator 45.

[0022] The information processor 40 is attached to the
bogie 10. In this example, the information processor 40
is fixed to the bogie frame 12. In this case, the influence
of vibration of the wheels 16 can be reduced. The acquirer
30 acquires state information J1 on one or more of vibra-
tion, velocity, acceleration, sound, reflected light, an im-
age, temperature, humidity, and a wheel diameter. As
will be described later, the determiner 44 determines
whether or not the state information J1 satisfies a preset
condition based on the state information J1 acquired by
the acquirer 30. The position information acquirer 82 ac-
quires position information Jp on the vehicle 100.

Power Supplier

[0023] The power supplier 70 will be described. The
power supplier 70 supplies power to the condition mon-
itoring device 20 and the acquirer 30. In other words, the
acquirer 30 and the information processor 40 are sup-
plied with power from the power supplier 70. The power
supplier 70 may supply power to the position information
acquirer 82. The power supplier 70 has a generator 70g,
abattery 70b, and a power controller 70m. The generator
70g supplies generated power. As an example, the gen-
erator 70g can include a device (including a power gen-
eration element) capable of converting physical energy
such as vibration energy of the bogie 10 or rotation en-
ergy of the wheels 16 into power.

[0024] The generator 70g of the present embodiment
is configured to supply power from an eddy current gen-
erated by the rotation of the wheels 16 based on the
electromagnetic principle. By providing the generator
70g, wiring for supplying power to the vehicle body 2 can
be omitted, and a wiring space, members, arrangement
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man-hours, and the like can be reduced. In addition, in-
formation can be acquired and transmitted to the outside
only by the device attached to bogie 10. The power sup-
plier 70 may supply vehicle body power transmitted from
the vehicle body 2 via the wiring to the condition moni-
toring device 20. In this case, the power supplier 70 may
or may not use the generator 70g together.

Battery

[0025] The generated power of the generator 70g may
be limited due to factors such as space limitation and
weight limitation. In addition, the power consumption of
the condition monitoring device 20 changes greatly over
time. If the generated power of the generator 70g is small-
er than peak power consumption of the condition moni-
toring device 20, the condition monitoring device 20 can
malfunction due to a power shortage. Therefore, the pow-
er supplier 70 of the present embodiment has the battery
70b that is charged by the generated power of the gen-
erator 70g or the vehicle body power. In this case, even
if the generated power of the generator 70g is wealk, it is
possible to supply a large amount of power for a certain
period by charging the battery 70b, and as a result, it is
possible to suppress the malfunction even if the gener-
ated power of the generator 70g is smaller than the peak
consumption power of the condition monitoring device
20.

Power Controller

[0026] Theinformation processor40 consumes alarge
amount of power when the transmitter 48 described later
transmits predetermined information. When the residual
storage amount of the battery 70b is small, the transmitter
48 may cause erroneous transmission due to a power
shortage during transmission. Therefore, the power sup-
plier 70 of the presentembodiment has a power controller
70m that monitors the residual storage amount of the
battery 70b, the generated power of the generator 70g,
andthelike. The power controller 70m determines wheth-
er the power shortage occurs during the transmission of
the transmitter 48 based on the information on the power
of the bogie 10, the position information Jp of the bogie
10, and the like, and provides the determination result
as power information Je to the information processor 40.
The information on the power of the bogie 10 includes
the generated power of the generator 70g, the residual
storage amount of the battery 70b, a transmission sched-
ule of the transmitter 48, and the like. The determination
result of the power controller 70m may include informa-
tion such as whether or not there is a power shortage
during transmission and the time when sufficient power
can be supplied. The power information Je may include
the residual storage amount of the battery 70b, the gen-
erated power of the generator 70g, and the like.
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Position Information Acquirer

[0027] The position information acquirer 82 will be de-
scribed. As described above, the position information ac-
quirer 82 acquires the position information Jp on the po-
sition of the vehicle 100. The position information Jp can
be acquired by a position information measurement sys-
tem that uses artificial satellites such as the global posi-
tioning system, can be acquired from a sign thatindicates
a distance (km) from a starting point of a railway, can be
acquired by integrating a vehicle speed, or can be ac-
quired by a combination thereof. The position information
acquirer 82 of the present embodiment uses the global
positioning system to acquire the position information Jp.
The position information acquirer 82 transmits the ac-
quired position information Jp to the information proces-
sor40. The positioninformation Jp is stored in the storage
46.

Acquirer

[0028] The acquirer 30 will be described. In the acquir-
er 30, vibration information on vibration is acquired by a
vibration sensor 30b based on a known principle. The
vibration sensor 30b can be provided on the bogie frame
12 or the unsprung part 14. The vibration sensor 30b of
the present embodiment is provided in the axle box 14b
and acquires the vibration of the bogie 10. A target of
obtaining the vibration information is not limited, but in
the present embodiment, the wheel 16, the axle 16s, or
the axle box 14b is targeted. Surface conditions such as
wear, deformation (including peeling, the same applies
below), surface roughness, and the like of the target can
be understood based on the vibration information.
[0029] From the viewpoint of facilitating comparison, it
is preferable that the vibration information be acquired
when the vehicle speed is in a preset state. The state of
the vehicle speed includes, for example, an acceleration
range where the vehicle is in a preset acceleration state,
a constant speed operation range where the preset
speed is maintained (including coasting), a deceleration
range where the vehicle is in a preset deceleration state,
and the like. The same applies not only to the vibration
information, but also to the state information J1 on the
states of the speed, the acceleration, the sound, the re-
flected light, the image, the temperature, the humidity,
and the wheel diameter.

[0030] Inthe acquirer 30, the speed information on the
speed is acquired by a speed sensor 30c based on the
known principle. The speed sensor 30c can be provided
on the bogie frame 12 or the unsprung part 14. The speed
sensor 30c of the present embodiment is provided in the
axle box 14b and acquires information on the speed in
the front-back direction of the bogie 10. Based on the
history of the speed information, a cumulative state (here-
inafter, referred to as "stress state") of stress applied to
the bogie 10 and constituent members thereof can be
understood.
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[0031] In the acquirer 30, the acceleration information
on the acceleration is acquired by an acceleration sensor
30d based on the known principle. The acceleration sen-
sor 30d can be provided on the bogie frame 12 or the
unsprung part 14. The acceleration sensor 30d of the
present embodiment is provided in the axle box 14b and
acquires information on the acceleration in the front-back
direction of the bogie 10. The stress state can be under-
stood based on the history of the acceleration informa-
tion.

[0032] In the acquirer 30, sound information on sound
is acquired by a sound sensor 30e based on the known
principle. The sound sensor 30e can be provided on the
bogie frame 12 or the unsprung part 14. The sound sen-
sor 30e of the present embodiment is provided in the axle
box 14b and acquires the information on the sound of
the bogie 10. A target of obtaining the sound information
is not limited, butin the present embodiment, a surround-
ing space of the track 8 or the wheel 16 is targeted. The
surface states such as wear, deformation, and surface
roughness of the target can be understood based on the
sound information. The sound sensor 30e may also be
a microphone.

[0033] Inthe acquirer 30, the information on the reflect-
ed light is acquired by an optical sensor 30f based on the
known principle. The optical sensor 30f can be provided
onthebogie frame 12 or the unsprung part 14. The optical
sensor 30f of the present embodiment is provided on the
bogie frame 12 and acquires the information on the re-
flected light of the bogie 10. The optical sensor 30f may
irradiate a target with external light such as sunlight or
external illumination light to detect the reflected light. The
optical sensor 30f of the present embodiment irradiates
the target with light such as a laser from a light irradiator
32 provided on the bogie 10 to obtain the reflected light,
and detects the reflected light. A target of obtaining the
reflected light is not limited, but in the present embodi-
ment, the tread surface 16b of the track 8 or the wheel
16 is targeted. The surface states such as wear and de-
formation of the target can be understood based on the
reflected light information.

[0034] In the acquirer 30, image information on an im-
age is acquired by an image sensor 30g based on the
known principle. The image sensor 30g can be provided
on the bogie frame 12 orthe unsprung part 14. The image
sensor 30g of the present embodiment is provided on
the bogie frame 12 and acquires the information on the
image of the bogie 10. The image sensor 30g may irra-
diate a target with external light such as the sun or ex-
ternal lighting to detect animage of the object. The image
sensor 30g of the present embodiment irradiates the tar-
get with light from the light irradiator 32 provided in the
bogie 10 to obtain the image to detect the image of the
target. A target of obtaining the reflected light is not lim-
ited, but in the present embodiment, an upper surface of
the track 8 or the tread surface 16b of the wheel 16 is
targeted. The surface states such as wear and deforma-
tion of the target can be understood based on the image
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information.

[0035] In the acquirer 30, the temperature information
on the temperature is acquired by a temperature sensor
30h based on the known principle. The temperature sen-
sor 30h can be provided on the bogie frame 12 or the
unsprung part 14. The temperature sensor 30h of the
present embodiment is provided in the axle box 14b and
acquires the information on the temperature of the bogie
10. A target of obtaining the temperature information is
not limited, butin the presentembodiment, a temperature
or an ambient temperature of the track 8 or the wheel 16
is targeted. The stress state of the target can be under-
stood based on the temperature information. A state of
thermal expansion of the target can be understood based
on the temperature information. The cumulative stress
state of the target can be understood based on the history
of the temperature information.

[0036] In the acquirer 30, humidity information on hu-
midity is acquired by a humidity sensor 30j based on the
known principle. The humidity sensor 30j can be provided
on the bogie frame 12 or the unsprung part 14. The hu-
midity sensor 30j of the present embodiment is provided
on the bogie frame 12 and acquires the information on
the humidity of the bogie 10. A target of obtaining the
humidity information is not limited, but in the present em-
bodiment, an ambient temperature of the track 8 or the
wheel 16 is targeted. A state of a coefficient of friction of
the target can be understood based on the humidity in-
formation. A rust state of the target can be understood
based on the history of the humidity information.

[0037] In the acquirer 30, wheel diameter information
on a radius of the wheel 16 is acquired by a distance
sensor 30k based on the known principle. The distance
sensor 30k can be provided on the bogie frame 12 or the
unsprung part 14. The distance sensor 30k of the present
embodiment is provided on the bogie frame 12, and ac-
quires the wheel diameter information about the distance
from the bogie frame 12 to the tread surface 16b of the
wheel 16 based on the reflected light such as infrared
rays or laser light. Since the braking force changes de-
pending on the wheel diameter, the state of the braking
force can be understood based on the wheel diameter
information. Based on the understood braking force, a
pressing force of the brake shoe 18b and an operation
timing of the contact brake 18d can be adjusted so as to
obtain a more appropriate braking force.

[0038] The information acquisition timing of each sen-
sor 30b, 30c, 30d, 30e, 30f, 30g, 30h, 30j, and 30k is not
limited. Each sensor 30b, 30c, 30d, 30e, 30f, 30g, 30h,
30j, and 30k of the present embodiment may acquire
information in a non-business state in which passengers
or luggage is not mounted on the vehicle 100. In this
case, the influence of passengers and luggage on the
acquired information can be reduced.

[0039] The acquirer 30 may constantly acquire the
state information J1, but in this example, acquires the
state information J1 at a preset timing, in a preset state,
or when the bogie 10 is in a preset position. In this case,
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by acquiring information at a certain timing or at a certain
position, it is possible to easily compare the acquired
information with past information and suppress power
consumption. The state information J1 includes an error
due to the influence due to a difference in conditions of
a traveling track. The conditions for this traveling track
include tunnels, curves, railway bridges, slopes, and the
like. From the viewpoint of suppressing the influence due
to the difference in the conditions of the traveling track,
the acquirer 30 can acquire the state information J1 at
the preset position based on the position information Jp.

Storage

[0040] The storage 46 temporarily stores the state in-
formation J1 acquired by the acquirer 30. The storage
46 can store the state information J1 in association with
the acquisition timing. In this case, the states of the track
8 and the bogie 10 can be determined based on the his-
tory of state information J1. The storage 46 stores alearn-
ing model M1 described later. The storage 46 stores the
determination result of the determiner 44 regarding the
states of the track 8 and the bogie 10. The storage 46
stores the position information Jp transmitted from the
position information acquirer 82. The storage 46 tempo-
rarily stores these pieces of information. By storing the
information in the storage 46, the data can be collected
and transmitted in a state suitable for transmission.

Determiner

[0041] The determiner 44 determines the states of the
track 8 and the bogie 10 based on the state information
J1. The inventor’s study suggests that there is a certain
correlation between the state information J1 and the
states of the track 8 and the bogie 10. By using this cor-
relation, the states of the track 8 and the bogie 10 can
be determined from the state information J1. The deter-
miner 44 may determine the states of the track 8 and the
bogie 10 using a preset reference value (hereinafter, re-
ferred to as "threshold"). For example, the determiner 44
may determine to be normal when the state information
J1is equal to or less than the threshold, and may deter-
mine to be abnormal when the state information J1 ex-
ceeds the threshold. The determiner 44 may determine
the states of the track 8 and the bogie 10 using the ref-
erence state information J1 previously acquired. For ex-
ample, the determiner 44 may set a threshold by adding
a predetermined margin to the reference state informa-
tion J1, determine to be normal that the state information
J1is equal to or less than the threshold, and determine
to be abnormal when the state information J1 exceeds
the threshold.

[0042] The determiner 44 may determine the states of
the track 8 and the bogie 10 using the learning model M1
stored in the storage 46. Hereinafter, the determination
results of these determiners 44 are collectively referred
to as a determination result E1. The determiner 44 may

10

15

20

25

30

35

40

45

50

55

use a plurality of thresholds, and the state information J1
may be classified into the plurality of categories from a
normality to an abnormality by the plurality of thresholds.
In this case, the determination result E1 may be the cat-
egory after the classification.

[0043] The determiner 44 may determine the states of
the track 8 and the bogie 10 at a random timing, but in
this example, determine the states of the track 8 and the
bogie 10 at a preset timing, in a preset state, or when the
bogie 10 is at a preset position. The determiner 44 can
determine the states of the track 8 and the bogie 10 at
the preset position based on the position information Jp.
In this case, the influence due to the difference in the
conditions of the traveling track can be suppressed.

Learning Model

[0044] The learning model M1 will be described. The
determiner 44 in this example uses the learning model
M1 to determine a state Ck of the track 8 and the bogie
10. The learning model M1 is an Al model generated by
machine learning based on the reference state informa-
tion previously acquired and the actual measurement da-
ta in the state of the track or the state of the bogie cor-
responding to the reference state information. By using
the learning model M1, it is advantageous to speed up
data processing and it is possible to obtain high determi-
nation accuracy. Fig. 4 is a diagram schematically illus-
trating an example of a data set Ds1 of the learning model
M1. Fig. 5 is a diagram schematically illustrating the
learning model M1. As illustrated in Fig. 5, the learning
model M1 provides output data corresponding to the in-
put data, based on the input data.

[0045] The learning model M1 can be generated using
the known machine learning method such as a support
vector machine, a neural network (including deep learn-
ing), or arandom forest. The learning model M1 is stored
in the storage 46. The learning model M1 may be gen-
erated based on the actual measurementdata previously
collected for other bogies of the same type, but in the
present embodiment, is generated by the model gener-
ator 45 provided on the bogie 10 by using the actual
measurement data collected for the bogie 10 itself to be
determined as the data set Ds1.

Model Generator

[0046] The model generator 45 will be described. The
model generator 45 generates the learning model M1 in
advance by the machine learning based on the state Ck
of the track 8 and the bogie 10 and the state information
J1 corresponding to the state Ck. In this example, the
model generator 45 uses the state Ck (Ck(0), Ck(1)...)
previously acquired and the state information J1 (J1(0),
J1(1)...) as the data set Ds1, and generates the data set
Ds1 as teacher data by the machine learning (supervised
learning) .

[0047] Note that in this description, an example in
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which the state information J1 and the state Ck each are
unitary data is shown, but the state information J1 and
the state Ck each may be pluralistic data. Further, the
state information J1 and the state Ck may be numerical
data digitized in a predetermined unit.

[0048] The collection conditions of the actual meas-
urement data of the data set Ds1 are not limited, but in
this example, the actual measurement data of the data
set Ds1 is collected at a preset position based on the
position information Jp. In this case, the influence due to
the difference in the conditions of the traveling track can
be suppressed.

[0049] The determiner 44 inputs the newly acquired
state information J1 as input data to the learning model
M1, and obtains the state Ck of the track 8 and the bogie
10 as output data from the learning model M1. The de-
terminer 44 outputs the state Ck of the track 8 and the
bogie 10 acquired from the learning model M1 as the
determination result E1.

[0050] The learning model M1 may be used without
updating in an initial setting state, but is updated in this
example. The model generator 45 updates the learning
model M1 by the machine learning based on the newly
acquired new state information and the actual measure-
ment data of the state of the track or the state of the bogie
corresponding to the new state information. In this case,
the determination accuracy can be maintained even if
the relationship between the state information J1 and the
state Ck of the track 8 and the bogie 10 changes due to
factors such as the season and years of use. The model
generator 45 may update the learning model M1 at ran-
dom timing, but in this example, updates the learning
model M1 in a preset state and at a preset timing. For
example, the model generator 45 can update the learning
model M1 according to the season and set schedule.

Transmitter

[0051] The transmitter 48 transmits the determination
result E1 to the outside (hereinafter, simply referred to
as" outside" in this specification) of the bogie 10. The
determination result E1 transmitted from the transmitter
48 may be received by the cab 2d, or may be received
by a computer 84c of a ground command station 84 out-
side the vehicle 100 or a cloud system. The determination
result E1 may be displayed on a vehicle monitor 2e of
the cab 2d. The transmitter 48 transmits a brake control
signal Bc to the brake controller 60 when the determina-
tion result E1 satisfies the preset condition. For example,
the brake controller 60 changes operation timings of the
contact brake 18d and the regenerative brake 18e ac-
cording to the brake control signal Bc.

[0052] The transmitter 48 can transmit information via
a bus line, a network line, a dedicated line, or a general-
purpose line in a wired or a wireless manner. The trans-
mitter 48 may transmit information using a standardized
communication method such as Bluetooth (registered
trademark), or Wi-Fi (registered trademark). In the
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present embodiment, the transmitter 48 transmits infor-
mation to the outside in a wireless manner.

Transmission Controller

[0053] A transmission timing of the transmitter 48 is
not limited, but in the present embodiment, the transmis-
sion timing of the transmitter 48 is controlled by the trans-
mission controller 42. As an example, as described later,
the transmission controller 42 controls the transmitter 48
to transmit the determination result E1. The transmitter
48 transmits the determination result E1 under the control
of the transmission controller 42. In this case, the amount
of transmission data can be suppressed as compared
with the case of transmitting at any time.

[0054] The transmitter 48 transmits the determination
result E1 when the determination result E1 of the deter-
miner 44 satisfies the preset condition, and does not
transmit the determination result E1 when the determi-
nation result E1 does not satisfy the preset condition. For
example, the transmitter 48 may not transmit the deter-
mination result E1 when the determination result E1 in-
dicates a normality, but may transmit the determination
result E1 when the determination result E1 indicates an
abnormality. Further, the transmitter 48 may transmit the
determination result E1 when the determination result E1
changes with respect to the past determination result.
[0055] The transmitter 48 transmits the determination
result E1 when the determination result E1 of the deter-
miner 44 is greater than the preset level of the information
amount of the determination result E1, and does not
transmit the determination result E1 when the determi-
nation result E1 is lower than the preset level. In this
case, the total amount of transmitted data can be sup-
pressed.

[0056] The transmitter 48 transmits the determination
result E1 when the generated power of the generator 70g
is greater than the preset level, and does not transmit
the determination result E1 when the generated power
is lower than the preset level. In addition, the transmitter
48 transmits the determination result E1 when the resid-
ual storage amount of the battery 70b is greater than the
preset level, and does not transmit the determination re-
sult E1when the generated power is lower than the preset
level. In this case, the erroneous transmission due to the
power shortage during the transmission can be prevent-
ed. Specifically, the transmission controller 42 may con-
trol the transmitter 48 based on the power information Je
of the power controller 70m.

[0057] The transmitter 48 transmits the determination
result E1 based on the position information Jp when the
bogie 10 is at the preset transmission position. In addi-
tion, the transmitter 48 does not transmit the determina-
tion result E1 based on the position information Jp when
the bogie 10 is at the non-transmission position set sep-
arately beforehand. Examples of the non-transmission
positions include locations with transmissionfailure, such
as tunnels, mountain shades, or shadows of buildings.



15 EP 3792 141 A1 16

[0058] The transmitter 48 transmits the determination
result E1 when a communication state with a communi-
cation partner is greater (good) than a preset level, and
does not transmit the determination result E1 when the
communication state is lower (bad) than the preset level.
For example, the transmitter 48 does not transmit the
determination result E1 when the communication state
is bad due to tunnels, mountain shades, shadows of
buildings, and the like, but transmits the determination
result E1 when the communication state is good. For ex-
ample, the communication state can be determined ac-
cording to the rate of occurrence of communication errors
due to mutual communication with the ground command
station 84.

[0059] The transmitter 48 transmits the determination
result E1 at the transmission timing according to a preset
transmission schedule. As the transmission timing, there
are times such as early morning and late night where
there is less external vibration and noise. In this case,
the influence of external vibration or noise can be re-
duced. Also, by transmitting the determination result E1
at a certain time, it is possible to reduce the influence of
variation in temperature of the track 8. In addition, the
transmitter 48 does not transmit the determination result
E1 at the non-transmission timing set separately before-
hand.

[0060] The transmitter 48 transmits the determination
result E1 when a transmission request is made from the
cab 2d or the ground command station 84. For example,
when the ground command station 84 receives a deter-
mination result indicating an abnormality from a preced-
ing vehicle, the ground command station 84 can request
a following vehicle to transmit the determination result
E1 at the position where the preceding vehicle deter-
mines to be an abnormality. For example, the ground
command station 84 can transmit a transmission request
signal (hereinafter simply referred to as "transmission re-
quest signal") to the following vehicle in order to request
the transmission of the determination result E1.

Ground Command Station

[0061] An example of the ground command station 84
will be described. The ground command station 84 in-
cludes a computer 84c and can communicate with the
information processor 40. Forexample, the computer 84c
receives the determination result E1 and state informa-
tion J1 from the information processor 40, and transmits
a transmission request signal requesting the transmis-
sion of the determination result E1 and state information
J1 to the information processor 40. The computer 84c
includes a re-determiner 84, a learning model 84m, and
a model generator 84g.

[0062] The re-determiner 84j re-determines the states
of the track 8 and the bogie 10 based on the state infor-
mation J1 transmitted from the transmitter 48. By making
the re-determination, it is possible to confirm that the de-
termination by the information processor 40 is correct.
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Although the configuration of the re-determiner 84jis not
limited, the re-determiner 84j in this example re-deter-
mines the states of the track 8 and the bogie 10 using
the learning model 84m based on the state information
J1.

[0063] The learning model 84m may be the same as
the learning model M1, but is different in this example.
Since the computer 84c is capable of processing a large
amount of data at a higher speed than the information
processor 40, the model generator 84g may generate
the learning model 84m by performing the machine learn-
ing in advance based on the states of the track 8 and the
bogie 10 collected by a large number of vehicles and the
state information corresponding thereto. The learning
model 84m may be larger than the learning model M1.
The learning model 84m may be used without updating
in the initial setting state, but is updated in this example.
The model generator 84g updates the learning model
84m at a preset time.

[0064] According tothe presentembodiment, since the
power supplier 70 that is attached to the bogie 10 and
supplies power to the acquirer 30 and the transmitter 48
is provided, the predetermined information can be trans-
mitted to the outside without receiving power supply from
the vehicle body 2. In addition, since the present embod-
imentincludes the storage 46, it is possible to collectively
transmit data, and it is possible to select and transmit
timing at which the communication state is good. Further,
since the present embodiment includes the position in-
formation acquirer 82, itis possible to select and transmit
a position where the communication state is good. In ad-
dition, in the present embodiment, since the determina-
tion result E1is transmitted when the determination result
E1 satisfies the preset condition, the total communication
amount can be suppressed. Further, according to the
present embodiment, since the determination result E1
is transmitted according to the residual storage amount
of the battery 70b, it is possible to select and transmit
when the residual storage amount is large.

[0065] Further, according to the present embodiment,
since the determination result E1 is transmitted according
to the communication state, it is possible to select and
transmit when the communication state is good.

[0066] Further, according to the present embodiment,
since the determination is made using the learning model
M1, the determination accuracy is high. In addition, since
the present embodiment includes the model generator
45, the learning model M1 suitable for each bogie can
be generated. Further, according to the present embod-
iment, since the learning model M1 is updated, it is pos-
sible to suppress a decrease in determination accuracy
due to seasonal fluctuations or a change over time. Fur-
ther, according to the present embodiment, since the
transmitter 48 is fixed to the bogie frame 12, it is less
susceptible to the vibration of the wheels 16.

[0067] Next, second to ninth embodiments of the
present invention will be described. In the drawings and
description of the second to ninth embodiments, the
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same or equivalent constituent elements and members
as those of the first embodiment are designated by the
same reference numerals. Descriptions that overlap with
those of the first embodiment will be appropriately omit-
ted, and configurations different from those of the first
embodiment will be mainly described. Therefore, the de-
scription of the first embodiment is applied to the com-
ponents or members that are the same as or equivalent
to those of the first embodiment in the second to ninth
embodiments. In addition, in the application of this de-
scription, as long as no contradiction occurs, symbols J1,
E1, and M1 in the description of the first embodiment are
replaced with symbols J2 to J9, E2 to E9, and M2 to M9
in the second to ninth embodiments.

Second Embodiment

[0068] A railway condition monitoring device 20 and a
railway brake control device 80 according to a second
embodiment of the present invention will be described
with reference to Figs. 1, 2, and 6 to 8. The condition
monitoring device 20 and the brake control device 80
according to the present embodiment are mounted on
the railway vehicle 100. Fig. 6 is a block diagram sche-
matically illustrating a condition monitoring device 20 and
a brake control device 80 according to the present em-
bodiment.

[0069] As illustrated in Fig. 6, the condition monitoring
device 20 includes an acquirer 30, an information proc-
essor 40, a power supplier 70, and a position information
acquirer 82. In addition, the brake control device 80 in-
cludes the acquirer 30, the information processor40, and
a brake controller 60. The information processor 40 in-
cludes a determiner 44, a storage 46, a transmitter 48,
and a transmission controller 42. The acquirer 30 in-
cludes a vibration sensor 30b and a speed sensor 30c.
Unless otherwise specified, the description of the first
embodimentis applied to the configuration and operation
of each of these elements.

[0070] The condition monitoring device 20 of the
present embodiment makes a determination on an oc-
currence state of a flat of a tread surface 16b of a wheel
16 and a worn state of a flange 16¢ based on vibration
information Jv on the vibration in the bogie 10 and speed
information Js of the vehicle 100, and provides the de-
termination result. The vibration information Jv and the
speed information Js are collectively referred to as state
information J2. The occurrence state of the flat of the
wheel 16 and the worn state of the flange 16c¢ are collec-
tively referred to as a worn state Sw. The worn state Sw
includes abnormal wear such as tread surface peeling
and thermal cracking ofthe tread surface 16b of the wheel
16. In other words, the condition monitoring device 20
checks whether the speed of the vehicle 100 is a preset
speed (hereinafter referred to as "determination speed")
based on the speed information Js, and determines the
worn state Sw based on the vibration information Jv when
the speed of the vehicle 100 is the determination speed.
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The flat of the wheel 16 is a form of uneven wear of the
tread surface 16b of the wheel 16 caused by friction with
the track 8.

[0071] The storage 46 temporarily stores the vibration
information Jv acquired by the acquirer 30. The storage
46 can store the vibration information Jv in association
with the acquisition timing. Further, the storage 46 can
classify the vibration information Jv into a plurality of
ranks according to the level, and store the rank after the
classification in association with the acquisition timing.
In addition, the storage 46 can store the position where
the vibration information Jv is acquired in association with
the vibration information Jv based on the position infor-
mation Jp. The transmitter 48 can transmit the storage
content of the storage 46 to the outside.

[0072] The acquirer 30 is attached to the bogie 10 and
acquires the vibration information Jv on the vibration in
the bogie 10 and the speed information Js of the vehicle
100. The vibration information Jv is acquired by the vi-
bration sensor 30b, and the speed information Js is ac-
quired by the speed sensor 30c. The vibration sensor
30b may be attached to a bogie frame or an axle box.
The speed sensor 30c may be any one that can detect
the speed of the vehicle 100, and may be, for example,
an encoder that outputs a number of pulses according
to rotation of an axle. The speed of the vehicle 100 can
be calculated by counting the pulses of the encoder. Fur-
ther, the speed sensor 30c may be a Doppler sensor that
uses laser reflection.

[0073] The determiner 44 will be described. The deter-
miner 44 makes a determination on the worn state Sw
of the wheel 16 of the bogie 10 based on the vibration
information Jv and the speed information Js acquired by
the acquirer 30 and provides a determination result E2.
[0074] According to the study by the present inventors,
it has been found that the vibration of the bogie 10 in-
creases as the flat of the wheel 16 or the wear of the
flange 16¢ increases. It is also suggested that when the
vehicle speed is in a predetermined state, there is a cer-
tain correlation between the vibration information Jv of
the bogie 10 and the occurrence state of the flat of the
wheel 16 or the worn state of the flange 16c. Therefore,
the flat of the wheel 16 or the worn state of the flange
16c¢ can be determined from the vibration information Jv.
[0075] The determiner 44 may determine the flat of the
wheel 16 or the worn state of the flange 16c¢ using the
preset threshold or the threshold set by adding a prede-
termined margin to the reference vibration information
(for example, at the time of shipping, at the time of pre-
vious maintenance, on the same day, the previous day,
or the latest certain period, and the like) previously ac-
quired. In this case, it is possible to reduce the error
caused by the individual difference of the vehicle or the
bogie and improve the determination accuracy.

[0076] For example, the determiner 44 can determine
that the flat of the wheel 16 or the wear of the flange 16¢
is within the allowable range when the acquired vibration
information Jv is equal to or lower than the threshold, and
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the flat of the wheel 16 or the wear of the flange 16¢
exceeds the allowable range when the acquired vibration
information Jv exceeds the threshold. The threshold set
in advance, the vibration information previously acquired,
and the occurrence state of the flat, or the worn state of
the flange 16¢ are stored in the storage 46.

[0077] Further, by comparing the vibration information
Jv with the reference vibration information previously ac-
quired, the change over time of the vibration information
can be calculated. Based on this change over time, the
flat of the wheel 16 or the future wear of the flange 16¢
can be predicted.

[0078] Thefirstexample ofthe determination operation
will be described. In this example, the worn state is de-
termined using the preset threshold.

(1) First, the information processor 40 stores the vi-
bration information Jv in the storage 46 together with
the elapsed time when the vibration information Jv
acquired in the traveling state of the vehicle 100 ex-
ceeds the preset threshold. This threshold may be
plural. Note that the traveling state of vehicle 100
may be in a power traveling state, a coasting state,
or a braking state.

(2) The determiner 44 measures the cycle (herein-
after, referred to as "vibration cycle") of the timing at
which the vibration information Jv exceeds the
threshold based on the storage result of the storage
46.

(3) The determiner 44 determines that flat occurs on
the tread surface 16b of the wheel 16 or abnormal
wear such as tread surface peeling or thermal crack-
ing occurs when the vibration cycle is inversely pro-
portional to the speed of the vehicle 100.

[0079] When itis determined that the wheel 16 is worn
as described above, the determiner 44 classifies the vi-
bration information Jv into a plurality of ranks according
to the level, and provides the ranks after the classification
as the determination result E2. The determination result
E2 is stored in the storage 46.

[0080] The second example of the determination op-
eration will be described. In this example, the worn state
Sw is determined using the learning model M2 generated
by machinelearning. The learning model M2 is generated
by the machine learning based on the reference vibration
information Jv acquired in advance and the actual meas-
urement data of the occurrence state of the flat of the
wheel 16 or the worn state of the flange 16c¢ correspond-
ing to the reference vibration information Jv, at a prede-
termined vehicle speed, for the bogie 10. In this case,
since the learning model M2 is used, the determination
accuracy is high. The learning model M2 may be gener-
ated based on the actual measurement data of the bogie
10 itself to be determined, or may be generated based
on the actual measurement data of the bogie different
from the bogie 10 to be determined. The learning model
M2 is stored in the storage 46.
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[0081] An example of the data set Ds2 of the learning
model M2 is illustrated in Fig. 7. A schematic diagram of
the learning model M2 is illustrated in Fig. 8. As illustrated
in Fig. 8, the learning model M2 provides output data
corresponding to the input data, based on the input data.
The learning model M2 is generated in advance by the
machine learning based on the worn state Sw of the
wheel 16 and the vibration information Jv corresponding
to the worn state Sw. In this example, the worn state Sw
(Sw(0), Sw(1)...) measured in advance and the vibration
information Jv (Jv(0), Jv(1)...) are used as the data set
Ds2. Then, the learning model M2 is generated by the
machine learning (supervised learning) using the data
set Ds2 as teacher data.

[0082] Note that in this description, an example in
which the vibration information Jv and the worn state Sw
each are unitary data is shown, but the vibration infor-
mation Jv and the worn state Sw each may be pluralistic
data. Further, the vibration information Jv and the worn
state Sw may be numerical data digitized in a predeter-
mined unit.

[0083] The collection conditions of the actual meas-
urement data of the data set Ds2 are not limited, but in
this example, the actual measurement data of the data
set Ds2 is collected at a preset position based on the
position information Jp. In this case, the influence due to
the difference in the conditions of the traveling track can
be suppressed.

[0084] A third example of the determination operation
will be described. In the third example, the determiner 44
determines the occurrence state of the flat of the wheel
16 or the worn state of the flange 16¢ based on the plu-
rality of pieces of vibration information Jv acquired at the
plurality of mutually separated locations of the bogie 10.
In this case, since the plurality of pieces of vibration in-
formation Jv can be compared, the in-phase component
can be removed and the determination accuracy can be
improved.

[0085] Specifically, another vibration sensor that ac-
quires the vibration information is provided on another
wheel that is separated in the front-back direction of the
same vehicle 100, and the vibration of the wheel 16 to
be determined is referenced by referring to the vibration
information of another wheel. For example, if a time dif-
ference between peak timing of the vibration information
Jv of the wheel 16 and peak timing of the vibration infor-
mation of another wheel is approximately the same as
the time when a separation distance between the two
wheels is divided by the vehicle speed, this peak can be
excluded from the determination result E2 by distin-
guished as being due to abnormal vibration caused by
track states such as track joints, track wear, and track
damage. In this case, it is possible to reduce erroneous
determination due to the abnormal vibration caused by
the track state. The number of other wheels is not limited
to one, and may be two or more wheels separated in the
front-back direction. Note that the peak of the vibration
information Jv in the present disclosure is not limited to
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the maximum value and includes a region where the vi-
bration information Jv exceeds the threshold and is large.
[0086] A fourth example of the determination operation
will be described. In the fourth example, the rotational
position of the wheel 16 (hereinafter, referred to as "peak
position") at the timing when the peak of the vibration
information Jv occurs is detected, and the wear position
is determined based on the peak position. If each peak
position in a plurality of rotations is random, it can be
determined that the vibration is due to the state of the
track, and if each peak position is substantially constant,
it can be determined that the vibration is due to wear of
the wheel 16. When each peak position is substantially
constant, it can be determined that abnormal wear such
as flat, tread surface peeling, and thermal cracking has
occurred on the wheel 16 at that position. The rotational
position of the wheel 16 can be acquired by counting the
pulses of the encoder of the speed sensor 30c.

[0087] In the present embodiment, the vibration infor-
mation Jv is acquired by the vibration sensor 30b at-
tached to the bogie frame 12 of the bogie 10 or the uns-
prung part 14 supported from the bogie frame 12 via the
shaft spring 12j. In this case, since the vibration sensor
30b can be arranged near the wheel 16, the vibration can
be acquired with high accuracy. In this example, the vi-
bration sensor 30b is provided in the axle box 14b and
detects the vibration of the wheel 16 via the axle box 14b.
The vibration sensor 30b may be provided on the axle
16s or the bogie frame 12.

[0088] The determiner 44 of the present embodiment
is provided on the bogie frame 12 or the outside of the
bogie 10. In this case, since the determiner 44 can be
arranged in a location where vibration is small, the influ-
ence due to the vibration can be mitigated. In this exam-
ple, the determiner 44 is provided on the bogie frame 12.
The determiner 44 may be provided on the cab 2d of the
vehicle body 2 or the outside of the vehicle 100.

[0089] The determiner 44 may determine the worn
state Sw at a random timing, but in this example, deter-
mine the worn state Sw at a preset timing, in a preset
state, or when the bogie 10 is at a preset position. In this
case, the influence due to the difference in the conditions
of the traveling track can be suppressed.

[0090] The transmitter 48 transmits the determination
result E2 of the determiner 44 to the outside of the bogie
10. In this case, the determination result E2 can be used
externally. In this example, the transmitter 48 is provided
on the bogie frame 12. The transmitter 48 may be pro-
vided on the vehicle body 2.

[0091] Inthis example, the transmitter 48 transmits the
determination result E2 to the cab 2d of the vehicle body
2 and displays the determination result E2 on a vehicle
monitor 2e of the cab 2d. The transmitter 48 may transmit
the determination result E2 to a computer 84c of a ground
command station 84 outside the vehicle 100 or a cloud
system. The cab 2d and the vehicle monitor 2e exemplify
a device that receives the determination result E2 of the
determiner 44. The transmitter 48 transmits a brake con-
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trol signal Bc to a brake controller 60 of the brake control
device 80 when the determination result E2 satisfies the
preset condition.

[0092] The brake control device 80 changes how to
apply the brake 18 based on the brake control signal Bc.
In particular, the brake controller 60 changes operation
timings of the contact brake 18d and the regenerative
brake 18e when receiving the brake control signal Bc.
The brake controller 60 is arranged in the cab 2d of the
vehicle 100.

[0093] The transmission controller 42 controls the tim-
ing of transmitting the determination result E2. Under the
control of the transmission controller 42, the transmitter
48 can transmit the determination result E2 to the outside
of the bogie 10 in the following cases.

(1) The transmitter 48 transmits the determination
result E2 when the determination result E2 of the
determiner 44 satisfies the preset condition, and
does not transmit the determination result E2 when
the determination result E2 does not satisfy the pre-
set condition.

(2) The transmitter 48 transmits the determination
result E2 when the determination result E2 has
changed with respect to the past determination re-
sult, and does not transmit the determination result
E2 when the determination result E2 has not
changed.

(3) The transmitter 48 transmits the determination
result E2 when the information amount of the deter-
mination result E2 of the determiner 44 is greater
than the preset level, and does not transmit the de-
termination result E2 when the information amount
of the determination result E2 of the determiner 44
is lower than the preset level.

(4) Based on the position information Jp, the trans-
mitter 48 transmits the determination result E2 when
the bogie 10 is at the preset transmission position,
and does not transmit the determination result E2
when the bogie 10 is at the preset non-transmission
position.

(5) The transmitter 48 transmits the determination
result E2 when the communication state with the
communication partneris greater than the presetlev-
el, and does not transmit the determination result E2
when the communication state is lower than the pre-
set level.

[0094] The transmitter 48 transmits the determination
result E2 when the transmission request is made from
the cab 2d or the ground command station 84. For ex-
ample, the ground command station 84 can transmit the
transmission request signal to the information processor
40 to request the transmission of the determination result
E2.

[0095] The vibration sensor 30b and the determiner 44
are attached to the bogie 10 of the present embodiment.
In this case, it is possible to acquire the vibration infor-
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mation Jv and determine the worn state of the wheel 16
on the bogie 10.

Third Embodiment

[0096] A railway condition monitoring device 20 and a
railway brake control device 80 according to a third em-
bodiment of the present invention will be described with
reference to Figs. 1, 2, and 9 to 12. The condition mon-
itoring device 20 and the brake control device 80 accord-
ing to the present embodiment are mounted on the rail-
way vehicle 100. Fig. 9 is a block diagram schematically
illustrating a condition monitoring device 20 and a brake
control device 80 according to the present embodiment.
[0097] Brake squeal may occur when the contactbrake
18d is operated. The brake squeal is an abnormal noise
in which vibration from a friction surface caused by a
touch of abrake shoe 18b to a braking member 18c during
braking is amplified and generated by the brake shoe
18b or the braking member 18c, and is called braking
noise. The brake squeal occurs due to the wear or the
like of the friction surface of the brake shoe 18b and the
braking member 18c. If the brake squeal occurs, the
brake shoe 18b and the braking member 18c may be
damaged if the brake squeal is left as it is, and it is pref-
erable to replace the brake shoe 18b or the braking mem-
ber 18c early. When the brake squeal occurs, the brake
squeal can be suppressed by changing a material of a
friction material of the brake shoe 18b, a curvature of the
friction material, and a pressing force of the brake shoe
18b.

[0098] According to the study of the presentinventors,
it has been suggested that there is a certain correlation
between sound information (hereinafter referred to as
"sound information Jn") acquired by the sound sensor
30e, vibration information (hereinafter referred to as "vi-
bration information Jv") acquired by the vibration sensor
30b, an occurrence state (hereinafter referred to as "oc-
currence state Sn") of the brake squeal. Therefore, the
occurrence state Sn of the brake squeal can be deter-
mined from the sound information Jn or the vibration in-
formation Jv.

[0099] The main configurations of the condition moni-
toring device 20 and the brake control device 80 of the
present embodiment will be described. The condition
monitoring device 20 includes an acquirer 30, an infor-
mation processor 40, and a power supplier 70. In addi-
tion, the brake control device 80 includes the acquirer
30, the information processor 40, a brake controller 60,
and a position information acquirer 82. The information
processor 40 includes a determiner 44, a storage 46, a
transmitter 48, and a transmission controller 42. The
brake 18 is constituted by a contact brake 18d and a
regenerative brake 18e. The acquirer 30 includes at least
one of vibration sensor 30b and sound sensor 30e. The
acquirer 30 acquires the sound information Jn on the
sound in the bogie 10 or the vibration information Jv on
the vibration when the brake shoe 18b is pressed against
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a tread surface 16b of a wheel 16 which is a braking
member 18cin the bogie 10 of the vehicle 100 to generate
a braking force. The sound information Jn and the vibra-
tion information Jv are collectively referred to as state
information J3. Unless otherwise specified, the descrip-
tion of the first embodiment is applied to the configuration
and operation of each of these elements.

[0100] The determiner 44 determines the occurrence
state Sn of the brake squeal of the brake shoe 18b or the
braking member 18c based on the sound information Jn
or the vibration information Jv acquired by the acquirer
30, and provides the determination result E3. The deter-
mination result E3 is a result of classifying the occurrence
state Sn of the brake squeal into a plurality of ranks ac-
cordingtothelevel. Forexample, the determination result
E3 may be aresultclassified into two ranks, thatis, wheth-
er or not the brake squeal substantially occurs, or aresult
classified into three or more ranks more finely. The brake
squeal, which is small and can be practically ignored, is
not treated as the brake squeal. When the determiner 44
determines that the brake squeal occurs, the brake con-
troller 60 changes the braking force so that the brake
squeal is reduced. In this example, the brake controller
60 changes the braking force according to a brake control
signal Bc transmitted from the information processor 40.
[0101] The condition monitoring device 20 will be de-
scribed. The condition monitoring device 20 detects the
brake squeal of the brake shoe 18b or the braking mem-
ber 18c based on the sound information Jn or the vibra-
tion information Jv of the bogie 10 when the brake shoe
18b is pressed against the braking member 18c in the
bogie 10 to generate the braking force. The determiner
44 of the information processor 40 determines the occur-
rence state of the brake squeal based on the sound in-
formation Jn or the vibration information Jv, and provides
the determination result E3.

[0102] The operation of the brake control device 80 will
be described with reference to Fig. 10. Fig. 10 is a flow-
chart illustrating an operation S110 of the brake control
device 80. The operation S110 is started when a brake
command is turned on by a driver’s operation (step
S111).

[0103] When the brake command is turned on, the de-
terminer 44 determines whether a regenerative brake
18e is operating (step S112) . The acquirer 30 acquires
the sound information Jn or the vibration information Jv
when the contact brake 18d is operating and the regen-
erative brake 18e is not operating.

[0104] When the regenerative brake 18e is operating
(Y in step S112), the determiner 44 returns the process
to the beginning of step S112, and repeats step S112
until the regenerative brake 18e is not operated.

[0105] When the regenerative brake 18e is not oper-
ating (when not operating) (N in step S112), the acquirer
30 acquires the sound information Jn or the vibration in-
formation Jv (step S113) . Since the determination accu-
racy decreases if the acquisition period is too short, the
acquirer 30 acquires the sound information Jn or the vi-
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bration information Jv continuously or intermittently for a
preset period. A storage 46 temporarily stores at least
one of the sound information Jn and the vibration infor-
mation Jv acquired by the acquirer 30. Further, the stor-
age 46 can store at least one of the sound information
Jn and the vibration information Jv in association with
the acquisition timing. The storage 46 can store at least
one of the sound information Jn and the vibration infor-
mation Jv in association with the position information Jp
of the acquired position.

[0106] After acquiring the sound information Jn or the
vibration information Jv, the determiner 44 determines
the occurrence state of the brake squeal of the brake
shoe 18b or the braking member 18c based on the sound
information Jn or the vibration information Jv acquired
by the acquirer 30. In this example, the determiner 44
determines whether or not the brake squeal has occurred
(step S114). In this step, the determiner 44 provides the
determination result E3 classified into two ranks, that is,
whether or not the brake squeal occurs.

[0107] Whenthe brake squeal occurs (Y in step S114),
the determiner 44 provides the determination result E3
indicating that the brake squeal occurs to the transmitter
48. The transmitter 48 provided with the determination
result E3 transmits the brake control signal Bc to the
brake controller 60.

[0108] The brake controller 60 that has received the
brake control signal Bc adjusts the braking force so as
to reduce the brake squeal (step S115) . In this step, the
adjustment pattern of the braking force is not limited as
long as the braking noise is reduced. For example, the
brake controller 60 may decrease orincrease the braking
force, or may increase or decrease the braking force in
the preset pattern. The braking force can be increased
or decreased by changing the force with which the brake
shoe 18b is pressed against the braking member 18c. In
this step, the amount of change in the braking force is
set within the range in which the change in the braking
distance is not practically a problem.

[0109] After adjusting the braking force, the process
returns to the beginning of step S113, and steps S113
to S115 are repeated until the braking squeal stops. Dur-
ing this repetition, the braking force may be gradually
increased.

[0110] When the brake squeal does not occur (N in
step S114), the determiner 44 provides the determination
result E3 indicating that the brake squeal does not occur,
and the operation S110 ends. This operation S110 is
merely an example, and the order of steps may be
changed, or some steps may be added/deleted/changed.
With operation S110, the brake squeal can be detected,
the brake squeal can be suppressed, and the occurrence
state of the brake squeal can be notified to the outside.
[0111] The vibration sensor 30b is attached to the po-
sition where the vibration of the brake shoe 18b can be
detected. The sound sensor 30e is attached to the posi-
tion where the sound near the brake shoe 18b can be
detected. For example, the vibration sensor 30b and the
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sound sensor 30e are attached to the bogie frame 12 of
the bogie 10 or a portion supported through a spring from
the bogie frame 12. In this example, the sound sensor
30e or the vibration sensor 30b is provided in the axle
box 14b, and detects the sound or vibration of the wheel
16 via the axle box 14b. The sound sensor 30e or the
vibration sensor 30b may be provided on the axle 16s or
the bogie frame 12. The vibration sensor 30b can detect
the frequency and amplitude of vibration of the brake
shoe 18b. The sound sensor 30e can detect the frequen-
cy and amplitude of sound of the contact brake 18d.
[0112] The determiner 44 of the present embodiment
is provided on the bogie frame 12 or the outside of the
bogie 10. In this example, the determiner 44 is provided
on the bogie frame 12. The determiner 44 may be pro-
vided on the cab 2d of the vehicle body 2 or the outside
of the vehicle 100.

[0113] The speed sensor that acquires the vehicle
speed may be, for example, an encoder that outputs a
number of pulses according to a rotation of an axle. The
speed of the vehicle 100 can be calculated by counting
the pulses of the encoder. Further, the speed sensor may
be a Doppler sensor that uses laser reflection. The brak-
ing force can be obtained from a brake command device
of a contact brake 18d. Note that the braking force may
be acquired based on a pressure of a brake cylinder of
the contact brake 18d.

[0114] A first example of the determination method of
the determiner 44 will be described. In the first example,
the determiner 44 determines that the brake squeal is
occurring when the sound information Jn or the vibration
information Jv satisfies a preset determination condition.
This determination can be made based on, for example,
adegree of coincidence between the frequency spectrum
of the sound information Jn or the vibration information
Jv and the frequency spectrum unique to the brake
squeal previously analyzed. The determination may be
performed at a constant vehicle speed or may be per-
formed by shifting the frequency spectrum according to
the vehicle speed. The determination conditions such as
the frequency spectrum of the brake squeal can be set
by experiments or simulations. The determination con-
ditions are stored in the storage 46.

[0115] A second example of using a learning model
M3 for the determiner 44 will be described with reference
to Figs. 11 and 12. In the second example, the determiner
44 uses the learning model M3 generated in advance by
the machine learning based on the reference sound in-
formation Jn or the reference vibration information Jv and
the actual measurement data of the occurrence state Sn
of the brake squeal to determine the occurrence state Sn
of the brake squeal. The reference sound information Jn
or the reference vibration information Jv is actual meas-
urement data acquired in advance for the sound infor-
mation Jn or the vibration information Jv.

[0116] Fig. 11 is a diagram schematically illustrating
an example of a data set Ds3 of the learning model M3.
Fig. 12 is adiagram schematically illustrating the learning



27 EP 3792 141 A1 28

model M3. In this example, the occurrence state Sn
(Sn(0), Sn(1)...) of the brake squeal measured in ad-
vance, the sound information Jn (Jn(0), Jn(1)...), and the
vibration information Jv (Jv(0), Jv(1)...) are used as the
data set Ds3. Then, the learning model M3 (supervised
learning) is generated by the machine learning (super-
vised learning) using the data set Ds3 as teacher data.
[0117] Inthis description, the sound information Jn, the
vibration information Jv, and the occurrence state Sn
each may be an example of unitary data, but may be
pluralistic data. Further, the sound information Jn, the
vibration information Jv, and the occurrence state Sn may
be numerical data digitized in a predetermined unit.
[0118] The learning model M3 may be generated
based on the actual measurement data of the bogie 10
itself to be determined, or may be generated based on
the actual measurement data of the bogie different from
the bogie 10 to be determined. The learning model M3
is stored in the storage 46.

[0119] The collection conditions of the actual meas-
urement data of the data set Ds3 are not limited, but in
this example, the actual measurement data of the data
set Ds3 is collected at a preset position based on the
position information Jp to be described later. In this case,
the influence due to the difference in the conditions of
the traveling track can be suppressed.

[0120] Ithas been suggested thatthe occurrence state
Sn of the brake squeal is influenced by the material of
the brake shoe 18b, the shape of the brake shoe 18b,
the pressing force of the brake shoe 18b, and the like.
Therefore, the learning model M3 is generated by refer-
ring to at least one actual measurement data of the ma-
terial of the brake shoe 18b, the shape of the brake shoe
18b, the pressing force of the brake shoe 18b, the speed
of the vehicle 100, the vibration frequency of the brake
shoe 18b, and the braking force. In this case, it is possible
to improve the determination accuracy by referring to the
actual measurement data.

[0121] The brake shoe 18b is worn by use, and the
shape or natural frequency thereof fluctuates, so the fre-
quency spectrum of the brake squeal changes. There-
fore, the determination condition of the determiner 44 or
the learning model M3 may be updated at a certain period
depending on the wear of the brake shoe 18b. This up-
dating period can be set according to conditions such as
a weight of the vehicle 100, a traveling speed, and a
distance between stations. The determination condition
of the determiner 44 or the initial setting of the learning
model M3 can be set according to the shape of the brake
shoe 18b at the time of manufacturing. In the present
embodiment, the determination condition of the deter-
miner 44 or the learning model M3 is updated when the
brake shoe 18b is worn to a preset degree. The updated
determination condition or the learning model M3 is
stored in the storage 46.

[0122] The configuration of the present embodiment
will be further described. The storage 46 can store at
least one of the sound information Jn and the vibration
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information Jv based on the position information Jp, by
associating the information with the acquired position. In
addition, the storage 46 can also store the sound infor-
mation or the vibration information previously acquired
and the past occurrence state Sn of the brake squeal in
association with each other. The transmitter 48 can trans-
mit the storage content of the storage 46 to the outside.
[0123] The determiner 44 can calculate the change
over time of the brake sound by comparing the sound
information Jn or the vibration information Jv with the
reference sound information or vibration information. The
determiner 44 can predict a future occurrence time of the
brake squeal based on the change over time.

[0124] The presentembodimentincludes the transmit-
ter 48 that transmits the determination result E3 of the
determiner 44 to the outside of the bogie 10. In this case,
the determination result E3 can be used externally. In
this example, the transmitter 48 transmits the determi-
nation result E3 to the cab 2d of the vehicle body 2 and
displays the determination result E3 on a vehicle monitor
2e of the cab 2d. The transmitter 48 may transmit the
determination result E3 to a computer 84c of an external
ground command station 84 or a cloud system.

[0125] The features of the brake control device 80 of
the present embodiment will be described. When the de-
terminer 44 determines that the brake squeal occurs, the
brake control device 80 changes the braking force so that
the brake squeal is reduced, thereby suppressing the
brake squeal. In addition, the determination accuracy is
high by performing the determination using the determi-
nation condition. Further, by making a determination us-
ing the learning model M3, a more advanced determina-
tion can be made. Further, the learning model M3 is gen-
erated by referring to the actual measurement data of
any one of the material of the brake shoe 18b, the shape
of the brake shoe 18b, the pressing force of the brake
shoe 18b, the speed of the vehicle 100, the frequency of
the brake shoe 18b, and the braking force, thereby im-
proving the determination accuracy. Further, by acquir-
ing the sound information Jn or the vibration information
Jv when the regenerative brake 18e is not operating, it
is less likely to be affected by the sound or vibration by
the regenerative brake 18e.

[0126] Further, by updating the learning model M3
when the brake shoe 18b is worn to a preset degree, it
is possible to suppress the deterioration in the determi-
nation accuracy due to the wear of the brake shoe 18b.
Further, by attaching the acquirer 30 to the bogie frame
12 of the bogie 10 or a portion supported through a spring
from the bogie frame 12, a sensor can be arranged in
the vicinity of the wheel 16, and the sound and vibration
can be acquired with high accuracy. Further, by providing
the determiner 44 outside the bogie frame 12 or the bogie
10, the determiner 44 can be arranged in a place where
vibration is small, and the influence of vibration can be
reduced.

[0127] Modifications of the brake control device 80 of
the present embodiment will be described. When adjust-
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ing the braking force to reduce the brake squeal, the re-
generative brake 18e may be temporarily operated. In
this case, the increase in the braking distance can be
suppressed.

Fourth Embodiment

[0128] A railway condition monitoring device 20 and a
railway brake control device 80 according to a fourth em-
bodiment of the present invention will be described with
reference to Figs. 1, 2, and 13 to 15. The condition mon-
itoring device 20 and the brake control device 80 accord-
ing to the present embodiment are mounted on the rail-
way vehicle 100. Fig. 13 is a block diagram schematically
illustrating a condition monitoring device 20 and a brake
control device 80 according to the present embodiment.
[0129] As the shaking of the bogie 10 increases, the
ride comfort decreases. Examples of the factors of the
bogie 10 include an abnormality (hereinafter, referred to
as "wheel abnormality" in the description of the present
embodiment) of a wheel state and an abnormality (here-
inafter, referred to as" track abnormality" in the descrip-
tion of the present embodiment) of a track state. The
wheel abnormality is a case where the state (hereinafter,
referred to as "wheel state" in the description of the
present embodiment) related to the worn state of the
wheel is worse than a preset standard. The wheel ab-
normality in the description of the present embodiment
may be caused by a large difference (hereinafter, re-
ferred to as "wheel diameter difference" in the description
of the present embodiment) in wheel diameters of the
wheels 16 on both sides in a width direction fixed to an
axle 16s, and is mainly caused by uneven wear or une-
qual wear of the wheels 16 on both sides in the width
direction. Therefore, the wheel diameter difference is
measured, and if the wheel diameter difference is large,
it can be evaluated as the wheel abnormality.

[0130] The track abnormality is a case where the state
(hereinafter, referred to as "track state" in the description
of the present embodiment) related to the unequal state
of the track on both sides in the width direction is worse
than a preset standard. The track abnormality in the de-
scription of the present embodiment is an unequal defor-
mation of the track surfaces on both sides in the width
direction (hereinafter, referred to as "track unbalance" in
the description of the present embodiment), and mainly
occurs by the unequal wear and unequal undulations on
the track surfaces on both sides in the width direction.
Therefore, the track unbalance is measured, and if the
track unbalance is large, it can be evaluated as the track
abnormality.

[0131] The wheel diameter difference can be calculat-
ed, for example, by measuring the wheel diameters of
each wheel when the vehicle 100 is stopped at a vehicle
base and from the measured result. In addition, the track
unbalance can be evaluated based on a track image and
a measurement result of vibration of a traveling vehicle.
However, measuring the wheel diameter difference and
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the track unbalance requires a special measuring device
to perform a special measuring operation, which is dis-
advantageous in terms of cost.

[0132] Inthe present embodiment, the wheel diameter
difference of the wheels 16 on both sides in the width
direction is obtained using the measurement data meas-
ured during normal traveling of the vehicle 100, and the
wheel state is evaluated from the result. In particular, in
the present embodiment, the wheel diameter difference
is obtained and the wheel condition is evaluated, using
inclination information of an inclination sensor attached
to the bogie 10. Further, in the present embodiment, the
track unbalance is obtained based on this measurement
data, and the track state is evaluated.

[0133] According to the study of the present inventors,
it has been suggested that there is a certain correlation
between the inclination information (hereinafter referred
to as" inclination information Jm" in the description of the
present embodiment) with respectto a horizon of the axle
acquired by the inclination sensor and the wheel state of
the wheel 16. Therefore, the wheel condition can be eval-
uated from the inclination information Jm based on the
correlation. In addition, it is also suggested that there is
a certain correlation between the inclination information
Jm and the track state of the track 8. Therefore, the wheel
condition can be evaluated from the inclination informa-
tion Jm based on the correlation.

[0134] The main configurations of the condition moni-
toring device 20 and the brake control device 80 of the
present embodiment will be described. The condition
monitoring device 20 includes an acquirer 30, an infor-
mation processor 40, a power supplier 70, and a position
information acquirer 82. In addition, the brake control de-
vice 80 includes the acquirer 30, the information proces-
sor 40, and a brake controller 60. The information proc-
essor 40 includes a determiner 44, a storage 46, a trans-
mitter 48, and a transmission controller 42. Unless oth-
erwise specified, the description of the first embodiment
is applied to the configuration and operation of each of
these elements. The acquirer 30 includes an inclination
sensor 30m that acquires the inclination information Jm
with respect to a horizontal plane of the axle 16s and a
vibration sensor 30b that acquires the vibration informa-
tion Jv of the bogie 10. The acquirer 30 provides the
inclination information Jm and the vibration information
Jv to the information processor 40 as acquisition infor-
mation J4.

[0135] In the present embodiment, the information
processor 40 acquires stroke information Jg from a yaw
damper stroke sensor 34. In addition, the information
processor 40 obtains another axle inclination information
Jr on another axle from another axle inclination sensor
36. The other axle inclination information Jr may be in-
clination information of another axle or inclination infor-
mation of a plurality of other axles. The other axle incli-
nation sensor 36 will be described later.

[0136] The swinging of the bogie 10 will be described
with reference to Fig. 14. Fig. 14 is a diagram schemat-
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ically illustrating the swinging of the bogie 10. Fig. 14
mainly illustrates an unsprung part 14 supported from a
bogie frame 12 via a shaft spring 12j. In Fig. 14, an X
axis extending in a front-back direction on the horizontal
plane, a Y-axis orthogonal to the X axis and extending
in a width direction on the horizontal plane, and a Z-axis
extending vertically on the X axis and the Y axis are de-
fined. Swinging about the X axis is called rolling, swinging
about the Y axis is called pitching, and swinging about
the Z axis is called yawing.

[0137] The yaw damper stroke sensor 34 will be de-
scribed. The yaw damper stroke sensor 34 acquires
stroke information Jq on the stroke of the yaw damper
device. The yaw damper device has one end attached
to an end portion of the vehicle body 2 and the other end
attached to a side portion of the bogie 10 to suppress the
yawing of the bogie 10 with respect to the vehicle body
2. When the yawing is large, the stroke information Jq is
large, and when the yawing is small, the stroke informa-
tion Jq is small. That is, the size of yawing can be deter-
mined from the stroke information Jq.

[0138] The inclination sensor 30m will be described.
Although the inclination sensor 30m is not limited, the
inclination sensor 30m of the present embodiment is an
angle sensor that detects an angle of the axle 16s with
respect to the horizontal plane based on the known prin-
ciple. The inclination sensor 30m detects vertical distanc-
es at a plurality of positions of the axle 16s in the width
direction by a distance sensor, and calculates the incli-
nation of the axle 16s from the difference in the distances.
In the following description, an example in which the in-
clination sensor 30m is a sensor that measures the incli-
nation angle in the rolling direction is shown.

[0139] As illustrated in Fig. 14, the inclination sensor
30m of the present embodiment is attached to, for exam-
ple, an axle box 14b of the unsprung part 14 of the axle
16s. Another axle inclination sensor 36 is attached to, for
example, an axle box 14b(2) of another axle 16s(2). The
inclination sensor 30m and the other axle inclination sen-
sor 36 may be attached to the bogie frame 12. The vi-
bration sensor 30b may be attached to the bogie frame
12.

[0140] Since the determination accuracy decreases if
the acquisition period of the inclination information Jm
and the vibration information Jv is too short, the acquirer
30 acquires the inclination information Jm and the vibra-
tion information Jv continuously or intermittently for a pre-
set period. The storage 46 of the information processor
40 temporarily stores the inclination information Jm and
the vibration information Jv acquired by the acquirer 30.
The storage 46 can store the inclination information Jm
and the vibration information Jv in association with the
acquisition timing. The storage 46 can store the inclina-
tion information Jm and the vibration information Jv in
association with the position information Jp of the ac-
quired position.

[0141] The determiner 44 determines the wheel state
of the wheel 16 or the track state of the track 8 based on
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the inclination information Jm acquired by the acquirer
30, and provides a determination result E4. The deter-
mination result E4 is the result of classifying the wheel
state of the wheel 16 or the track state into a plurality of
ranks according to the level thereof. For example, the
determination result E4 may be the result of classifying
the wheel state of the wheel 16 or the track state into two
ranks, or may be the result of finer classifying the wheel
state or the track state into three or more ranks. The
determination result E4 of the present embodiment indi-
cates whether there is a wheel abnormality of the wheel
16 or whether there is a track abnormality of the track 8.
[0142] The transmitter 48 transmits the determination
result E4 of the determiner 44 to the outside of the bogie
10. In this case, the determination result E4 can be used
externally. In this example, the transmitter 48 is provided
on the bogie frame 12. The transmitter 48 may be pro-
vided on the vehicle body 2. In this example, the trans-
mitter 48 transmits the determination result E4 to the cab
2d of the vehicle body 2. The determination result E4
may be displayed on a vehicle monitor 2e of the cab 2d.
The transmitter 48 may transmit the determination result
E4 to a computer 84c of a ground command station 84
outside the vehicle 100 or a cloud system.

[0143] The transmitter48 transmits a brake control sig-
nal Bc to a brake controller 60 so as to adjust the braking
force when the determination result E4 of the determiner
44 indicates the wheel abnormality or the track abnor-
mality. The brake controller 60 adjusts the braking force
according to the brake control signal Bc transmitted from
the transmitter 48. By operating in this way, the acquirer
30, the information processor 40, and the brake controller
60 function as the brake control device 80.

First Example

[0144] A first example of the determination method of
the determiner 44 in the condition monitoring device 20
of the present embodiment configured as described
above will be described. In the first example, the deter-
miner 44 determines that the wheel diameter difference
is excessive when the inclination information Jm exceeds
a preset threshold, and determines the wheel abnormal-
ity. Further, the inclination information Jm includes the
inclination caused by the track unbalance and a cant
(hereinafter, referred to as "track element" in the descrip-
tion of the present embodiment) of the track. Therefore,
it is preferable to consider the track element in this de-
termination. Note that the cant of the track is a height
difference between the tracks on both sides in the width
direction, which is designed to increase the stability of
the vehicle on a curve.

[0145] An example of reducing the influence of the
track element will be described. For example, it is possi-
ble to average and use the inclination information Jm
acquired at a plurality of positions. In addition, the incli-
nation information Jm may be acquired at the position
where the track element is small. These methods can



33 EP 3792 141 A1 34

reduce the determination error caused by the track ele-
ment.

[0146] In addition, the inclination information Jm may
be acquired at a position where the track element is
known, and the known track element may be subtracted
from the inclination information Jm and used. For exam-
ple, the known track elements can be obtained by col-
lecting the track element corresponding to the position
in advance and inputting the position information Jp to
the database. The method can reduce the determination
error caused by the track element.

Second Example

[0147] A second example of the determination method
of the determiner 44 will be described with reference to
Fig. 15. Fig. 15 is a diagram schematically illustrating an
example of the inclination information for each point for
each axle and an example of a cant design value for each
track for each point. In Fig. 15, standard deviations S1,
S2...Snindicate standard deviations of data of an axle in
vertical one column (hereinafter, sometimes simply re-
ferred to as "column") of the same point, and standard
deviations Z1, Z2... Z20 indicate standard deviations of
horizontal one row (hereinafter, sometimes referred to
simply as "row") of the same axle.

[0148] In the second example, the determiner 44 de-
termines the wheel state of the wheel 16 and the track
state of the track 8 by using the inclination information
(hereinafter, referred to as "a plurality of pieces of axle
inclination information Mt" in the description of the
present embodiment) on the plurality of axles acquired
for the plurality of axles at a plurality of points, and pro-
vides the determination result E4. The determination re-
sult E4 includes the presence/absence of the wheel ab-
normality and the presence/absence of the track abnor-
mality. The plurality of pieces of axle inclination informa-
tion Mtincludes inclination information Jm of axle number
1 described later and another axle inclination information
Jrofaxle number 2-20 described later. Hereinafter, when
the inclination information Jm, another axle inclination
information Jr, and the plurality of pieces of axle inclina-
tion information Mt are collectively simply referred to as
"inclination information”.

[0149] Fig. 15 illustrates that a train having axles 16s
of 20 axes (2 bogies per vehicle, 2 axes per bogie) in one
organization of five trains acquires the plurality of pieces
of axle inclination information Mt at n points.

[0150] Atpointnumber 1, the plurality of axle inclination
information Mt obtained for each axle 16s is indicated by
data in one vertical one column of point number 1, and
at point number n, the inclination information acquired
for each axle 16s is indicated by data in a vertical one
column of the point number n.

[0151] InFig. 15, A1, A2... A20 are wheel components
of the inclination caused by the wheel elements of each
axle 16s, and B1, B2... Bn are the track components of
the inclination caused by the track elements ateach point.
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As illustrated in Fig. 15, the plurality of pieces of axle
inclination information Mt is acquired as the sum of the
wheel component and the track component. Therefore,
the wheel components A1, A2... A20 and the track com-
ponents B1, B2... Bn cannot be individually acquired.
[0152] From these, the present inventors devise a
method of estimating the wheel components A1, A2,...
A20 using inclination components D1, D2,... Dn derived
from a design value of the cant of the track at one or more
of the measured n points. For example, in the region
where the wear or deformation of the track is small and
the unbalance of the track is small, the track components
B1, B2... Bn are almost equal to the inclinations D1, D2...
Dn. Therefore, the data calculated by subtracting the in-
clinations D1, D2... Dn from the plurality of pieces of axle
inclination information Mt can be used as the wheel com-
ponents A1, A2... A20. Note that instead of the design
value of the cant, an inclination derived from a target
value of the cant may be used.

[0153] In the second example, when the calculated
wheel components A1, A2... A20 exceed a preset
threshold, the determiner 44 determines that the wheel
diameter difference is excessive and the wheels are ab-
normal, and when the calculated wheel components A1,
A2... A20 is equal to or lower than the threshold, the de-
terminer 44 determines that the wheel is not abnormal.
The determination result E4 in this case is the presence
or absence of the wheel abnormality.

[0154] In addition, when the data of each axle in the
vertical one column at the same pointis statistically proc-
essed and the deviation (= data - average value) from
the average value in the vertical one column for the data
of each axle is large, it can be evaluated that the wheel
diameter difference of the axle is larger than that of other
axles. For example, when the standardized result of di-
viding the deviation by the standard deviations S1, S2...
Sn exceeds a preset threshold, it may be determined that
the wheel diameter difference is excessive and the wheel
is abnormal, and when the standardized result is equal
to or lower than the threshold, it may be determined that
the wheel is not abnormal.

[0155] In addition, when the data of the axle in the hor-
izontal one column at the same point is statistically proc-
essed and the deviation (= data - average value) from
the average value in the horizontal one column for the
data of each axle is large, it can be evaluated that the
track unbalance at the point is larger than that at other
points. For example, when the standardized result of di-
viding the deviation by the standard deviations Z1, Z2...
Z20 exceeds a preset threshold, it may be determined
that the track unbalance is excessive and the track is
abnormal, and when the standardized result is equal to
or lower than the threshold, it may be determined that
the track is not abnormal.

[0156] In addition, regarding the data in Fig. 15, the
wheel diameter difference or the track unbalance may
be evaluated based on the result of comparison between
the past data previously acquired and stored and the
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newly acquired new data. If the wheel with axle number
2 is worn and the wheel diameter difference increases,
all the data in the row containing the wheel component
A2 will be affected. When the track unbalance increases
at the point number 2, all of the data in the column con-
taining the track component B2 are affected.

[0157] For example, the changes in the new data with
respect to the past data are compared in each row, and
when the change in a particular row is significantly larger
than the changes in other rows, it can be determined that
the wheel diameter difference of the axle corresponding
to the particular row is excessive and the wheel is abnor-
mal.

[0158] In addition, the amount of change in the new
data with respect to the past data is compared in each
column, and when the amount of change in a particular
column is significantly larger than the amount of change
in other columns, it can be determined that the track is
abnormal.

[0159] The determination method of the determiner 44
described above can be variously modified. In the above
explanation, an example of determination based on the
data of the plurality of pieces of axle inclination informa-
tion Mt of a single train is shown, but for example, the
wheel abnormality or the track abnormality may be de-
termined based on the data of the plurality of pieces of
axle inclination information at the same point of multiple
trains. In this case, the number of data in each column
increases and the determination accuracy improves.
[0160] In the above explanation, an example of deter-
mination based on the data of the inclination information
acquired at an arbitrary point (track position) is shown,
but the determination may be made based on the data
of the inclination information acquired at a specific track
position such as a reference station, a vehicle base, or
a base. In this case, the influence of the track element is
reduced and the determination accuracy is improved.
[0161] In the above description, the example in which
the determiner 44 makes the determination using only
the inclination information has been described, but the
determiner 44 may make the determination based on the
inclination information and the vibration information Jv.
For example, characteristics of the vibration information
Jv when the wheel diameter difference is large may be
specified in advance and the determination may be made
using the characteristics. For example, it may be deter-
mined that the wheel is abnormal when the characteris-
tics of the vibration information Jv appear in the case
where the wheel diameter difference is large regardless
of the specific acquisition point (track position). Further,
when the characteristics of the vibration information Jv
appear only at a specific acquisition point (track position),
it may be determined that the point is the track abnor-
mality. Note that the characteristics of the vibration infor-
mation Jv include the frequency spectrum of the vibration
and the amplitude fluctuation pattern of the vibration.
[0162] Further, the determiner 44 may determine the
track abnormality based on the inclination information
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and the stroke information Jq. As described above, the
stroke information Jq is acquired from the yaw damper
stroke sensor 34. For example, for the stroke information
Jg at the same acquisition point (track position), when
the amount of change in newly acquired new data with
respect to the past data previously acquired and stored
exceeds a preset threshold, it may be determined that
the track unbalance is excessive and the track is abnor-
mal.

[0163] In the above description, an example in which
the wheel state and the track state are determined by
statistical analysis is shown, but the present invention is
not limited thereto. The determiner 44 may determine the
wheel state and the track state by using the learning mod-
el M4 generated in advance by machine learning. The
learning model M4 can be generated by the machine
learning (supervised learning) using the actual measure-
ment data of the reference inclination information and
the reference vibration information acquired in advance
and the occurrence situation of the wheel abnormality or
the track abnormality as the teacher data. In this case,
the teacher data may include any one of the vibration
level of the reference vibration information, the frequency
spectrum of the vibration, and the amplitude fluctuation
pattern of the vibration. The learning model M4 may be
stored in the storage 46.

[0164] In the above description, the data of the incli-
nation information has been shown as an example of
being acquired while the vehicle is traveling, but it may
be acquired while the vehicle is stopped at a station and
the like, for example. The inclination information may be
acquired when the vehicle speed detected by the speed
sensor is zero. The inclination information may be ac-
quired at any time, or may be acquired at a preset time
such as the start of work or the end of work.

[0165] The wheeldiameter difference and the track un-
balance increase as the wear and deformation progress
according to the traveling distance of the bogie 10. If the
wheel diameter difference becomes too large, it may in-
terfere with traveling, and it is preferable to maintain the
wheel 16 or the track 8 before interfering with the
traveling. Therefore, the transmitter 48 notifies the deter-
mination result E4 to the outside.

[0166] In the above description, the example in which
the inclination information is the inclination (inclination in
the width direction) in the rolling direction is shown, but
the inclination information may include the inclination (in-
clination in the front-back direction) in the pitching direc-
tion. By the inclination in the rolling direction, itis possible
to evaluate the difference in the degree of uneven wear
of the wheels 16 on both sides in the width direction. By
the inclination in the pitching direction, it is possible to
evaluate the difference in the degree of uneven wear of
the front and back wheels 16 of the bogie 10.

[0167] In the above description, the example in which
the inclination information is the inclination with respect
to the horizontal plane is shown, but the inclination infor-
mation may be the relative inclination with respect to a
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road surface. For example, the inclination information
can be acquired based on the difference between the
measurement results (vertical distance) of the vertical
distance between two points on a road surface or an ob-
jectonthe road surface by two distance sensors arranged
spaced apart from each other in the front-back direction
or in the width direction.

[0168] In the above description, an example in which
the inclination information is acquired by the angle sensor
is shown, but the inclination information may be acquired
from image data viewed from the direction of the axle
16s ofthe bogie 10 or the wheel 16 with a camerainstalled
at a predetermined position such as before the vehicle
base.

[0169] The characteristics of the condition monitoring
device 20 of the present embodiment will be described.
Since the condition monitoring device 20 determines the
wheel state or the track state based on the inclination
information, the wheel state or the track state can be
understood with a small number of man-hours, which is
advantageous in terms of cost.

[0170] In the present embodiment, since the determi-
nation is made by referring to the inclination information
of another axle, it can be determined that the wheel is
abnormal when the difference between the plurality of
axles is large. In the present embodiment, since the de-
termination is made by referring to the inclination infor-
mation of another point, it can be determined that the
wheel is abnormal when the difference between the plu-
rality of axles is large. In the present embodiment, since
the determination is made by referring to the past incli-
nation information previously acquired, it can be deter-
mined that the wheel is abnormal when the change over
time is large.

[0171] In the present embodiment, since the determi-
nation is made by referring to the inclination information
of another preceding or following vehicle, it can be de-
termined that the wheel is abnormal when the difference
between the plurality of vehicles is large. In the present
embodiment, since the determination is made by refer-
ring to the inclination information of the reference point
for comparison, it can be determined that the wheel is
abnormal when the difference with respect to the refer-
ence point is large.

[0172] In the present embodiment, since the determi-
nation is made by referring to the vibration information
acquired by the vibration sensor, it can be determined
that the wheel is abnormal when the characteristics of
the vibration information appear in the case where the
wheel diameter difference is large.

Fifth Embodiment

[0173] A railway condition monitoring device 20 and a
railway brake control device 80 according to a fifth em-
bodiment of the present invention will be described with
reference to Figs. 1, 2, and 16 to 19. The condition mon-
itoring device 20 and the brake control device 80 accord-
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ing to the present embodiment are mounted on the rail-
way vehicle 100. Fig. 16 is a block diagram schematically
illustrating a condition monitoring device 20 and a brake
control device 80 according to the present embodiment.
[0174] As the railway vehicle travels, unevenness on
a track surface increases due to wear, scratches, defor-
mation, and the like, and the track deteriorates. When
the state (hereinafter, referred to as "track state" in the
description of the present embodiment) related to the un-
evenness of the track surface is worse than the preset
standard (hereinafter, referred to as" track abnormality”
in the description of the present embodiment), the shak-
ing of the bogie 10 becomes large and the ride comfort
is reduced. In addition, if the track abnormality is neglect-
ed, the deterioration in the track will progress further,
which will hinder the operation of the vehicle. Therefore,
it is important to detect the track abnormality early and
perform the maintenance .

[0175] Inorderto detectthe track abnormality, itis pos-
sible to travel a dedicated device for diagnosis on the
track and measure the deterioration state in the track.
However, in this case, a special measurement device is
used to perform a special measurement work, which re-
quires extra man-hours and costs.

[0176] Therefore,inthe presentembodiment, the track
abnormality is detected using the measurement data of
the vibration of the bogie during the normal traveling of
the vehicle 100. For example, it is conceivable to deter-
mine the presence and absence of the track abnormality
from vibration having a magnitude (hereinafter, referred
toas"abnormal vibration" in the description of the present
embodiment) exceeding a preset threshold. However,
the abnormal vibration may occur due to temporary fac-
tors such as pinching foreign matter such as pebbles, in
addition to the case of the track abnormality, so there is
a possibility of erroneous determination. Therefore, in
the present embodiment, the abnormal vibration due to
the temporary factor is excluded and determined by using
other vibration information acquired at another time. In
this case, work man-hours and costs can be reduced,
and the accuracy of determining whether there is the
track abnormality can be improved. Here, another time
may be another time on the same day or may be another
day. In addition, another vibration information may be
acquired by the same bogie, another bogie, another ve-
hicle, or another train.

[0177] According to the study of the present inventors,
it has been suggested that there is a certain correlation
between the vibration information (hereinafter, referred
to as "vibration information Jv" in the description of the
present embodiment) on the vibration of the bogie ac-
quired by the vibration sensor and the track state of the
track 8. Therefore, the track state can be evaluated from
the vibration information Jv based on the correlation.
[0178] The main configurations of the condition moni-
toring device 20 and the brake control device 80 of the
present embodiment will be described. The condition
monitoring device 20 includes an acquirer 30, an infor-
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mation processor 40, a power supplier 70, and a position
information acquirer 82. In addition, the brake control de-
vice 80 includes the acquirer 30, the information proces-
sor 40, and a brake controller 60. The information proc-
essor 40 includes a determiner 44, a storage 46, a trans-
mitter 48, and a transmission controller 42. Unless oth-
erwise specified, the description of the first embodiment
is applied to the configuration and operation of each of
these elements. The acquirer 30 includes a vibration sen-
sor 30b that acquires vibration information Jv on the vi-
bration of the bogie 10. The acquirer 30 provides the
information processor 40 with the vibration information
Jv and acquisition information Jg described later as ac-
quisition information J5.

[0179] In the present embodiment, the information
processor 40 acquires another bogie vibration informa-
tion Jvb on vibration of another bogie 11 from another
bogie vibration sensor 35 that acquires vibration infor-
mation of the other bogie 11. In addition, the information
processor 40 also acquires the position information Jp
from the position information acquirer 82. The other bogie
11 may be another bogie of the vehicle 100 to which the
bogie 10 belongs, or may be a bogie of another vehicle
of another train to which the vehicle 100 belongs. Another
bogie vibration sensor 35 may have the same configu-
ration as the vibration sensor 30b, or may be attached
to the other bogie 11 by the same attachment structure
as the vibration sensor 30b. Note that in the description
of the present embodiment, the other bogie 11 is a bogie
of another vehicle 101 following the vehicle 100 in a train
of a certain organization. Therefore, the bogie 10 passes
the same point on the track 8 at a timing earlier than the
other bogie 11. The bogie vibration sensor 35 different
from the vibration sensor 30b of the present embodiment
is provided in the axle box 14b.

[0180] The acquirer 30 acquires the vibration informa-
tion Jv and the other bogie vibration information Jvb and
provides the acquired vibration information Jv and an-
other bogie vibration information Jvb to the information
processor 40. The storage 46 temporarily stores the vi-
bration information Jv and the other bogie vibration in-
formation Jvb acquired by the acquirer 30. The storage
46 can store the vibration information Jv and the other
bogie vibration information Jvb in association with the
acquisition timing. The storage 46 can store the vibration
information Jv and the other bogie vibration information
Jvb in association with the acquired position information
Jp of the point on the track.

[0181] The determiner 44 determines the track state
of the track 8 based on the vibration information Jv and
the other bogie vibration information Jvb, and provides
the determination result E5. The determination result E5
is the result of classifying the track state into a plurality
of ranks according to the level. For example, the deter-
mination result E5 may be the result of classifying the
track state into two ranks, or may be the result of finer
classifying the track state into three or more ranks. The
determination result E5 of the present embodiment indi-
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cates whether or not there is the track abnormality of the
track 8.

[0182] The transmitter 48 transmits the determination
result E5 of the determiner 44 to the outside of the bogie
10. In this case, the determination result E5 can be used
externally. In this example, the transmitter 48 is provided
on the bogie frame 12. The transmitter 48 may be pro-
vided on the vehicle body 2. In this example, the trans-
mitter 48 transmits the determination result E5 to the cab
2d of the vehicle body 2. The determination result E5
may be displayed on a vehicle monitor 2e of the cab 2d.
The transmitter 48 may transmit the determination result
E5 to a computer 84c of a ground command station 84
outside the vehicle 100 or a cloud system. That is, the
transmitter 48 can notify the determination result E5 to
the outside of the bogie 10.

[0183] The transmitter48 transmits a brake control sig-
nal Bc to a brake controller 60 so as to adjust the braking
force when the determination result E5 of the determiner
44 indicates the track abnormality. The brake controller
60 adjusts the braking force according to the brake con-
trol signal Bc transmitted from the transmitter 48. By op-
erating in this way, the acquirer 30, the information proc-
essor 40, and the brake controller 60 function as the
brake control device 80.

First Example

[0184] A first example of the determination method of
the determiner 44 in the condition monitoring device 20
of the present embodiment configured as described
above will be described. In the first example, when the
vibration information Jv exceeds a preset threshold, it is
determined that the abnormal vibration is observed and
the track is abnormal. Note thatin the first example, there
is a possibility of erroneous determination from abnormal
vibration due to temporary factors such as foreign matter,
soitis preferable to perform remeasurement at the same
point or reconfirmation by visual observation.

Second Example

[0185] A second example of the determination method
of the determiner 44 will be described with reference to
Figs. 17A to 17E to 19. In this method, in order to avoid
the erroneous determination due to the temporary factor,
the determination is performed by referring to another
vibration information acquired at another time. Specifi-
cally, when itis evaluated that the track state is abnormal
based on the vibration information at the same point and
that the track state is abnormal based on another vibra-
tion information, the determiner 44 determines that there
is the track abnormality at the point. In the example of
Figs. 17A to 17E, another vibration information is ac-
quired by performing measurement with the following an-
other bogie 11.

[0186] Figs. 17A to 17E are diagrams schematically
illustrating a state in which the bogie 10 and the other
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bogie 11 are vibrated at points P and Q by an unevenness
portion 8p on the track surface and a foreign matter 8q
on the track surface. As illustrated in Fig. 17A, the bogie
10 is a bogie on a front side of preceding vehicle 100,
and the other bogie 11 is a bogie on a front side of fol-
lowing another vehicle 101. The vehicle 100 and the other
vehicle 101 are connected to constitute a train 3 of one
organization.

[0187] The unevenness portion 8p occurs by the de-
terioration in the track 8 and therefore is not lost even
when the bogie 10 passes. The foreign matter 8q is a
temporary one thatis lost by the passage of the bogie 10.
[0188] When the train 3 travels in the traveling direc-
tion, first, as illustrated in Fig. 17B, the bogie 10 steps on
the unevenness portion 8p at the point P and detects an
abnormal vibration. Next, as illustrated in Fig. 17C, an-
other bogie 11 steps on the unevenness portion 8p at
point P and detects the abnormal vibration. Next, as il-
lustrated in Fig. 17D, the bogie 10 steps on the foreign
matter 8q at point Q and detects the abnormal vibration.
Atthis time, the foreign matter 8q is repelled by the wheel
and lost. Next, as illustrated in Fig. 17E, another bogie
11 does not detect the abnormal vibration when passing
the point Q.

[0189] Fig. 18 is a diagram illustrating the vibration in-
formation Jv of the bogie 10 and another bogie vibration
information Jvb of another bogie 11. In graph (A) and
graph (B) of Fig. 18, a horizontal axis represents a posi-
tion (hereinafter, referred to as "point" in the present em-
bodiment) on the track, and a vertical axis represents a
vibration level. As illustrated in graph (A) of Fig. 18, in
the vibration information Jv, the abnormal vibration is ob-
served at points P and Q. As illustrated in graph (B) of
Fig. 18, in the other bogie vibration information Jvb, the
abnormal vibration is observed at the point P, but the
abnormal vibration is not observed at the point Q.
[0190] It can be determined that there is the track ab-
normality at the point P where the abnormal vibrations
of the bogie 10 and the other bogie 11 are matched and
observed. It can be determined that there is no track ab-
normality at the point Q where the abnormal vibrations
of the bogie 10 and the other bogie 11 are not observed
together.

[0191] An example of the operation of the condition
monitoring device 20 according to the second example
will be described with reference to Fig. 19. Fig. 19 is a
flowchart illustrating an operation S120 of the condition
monitoring device 20. The operation is executed while
the train 3 is traveling. When the operation S120 is start-
ed, the abnormal vibration of the preceding bogie 10 is
detected (step S121). Inthe example of Figs. 17Ato 17E,
the condition monitoring device 20 detects the abnormal
vibration of the bogie 10 at the point P and the point Q.
[0192] Next, the abnormal vibration of the following an-
other bogie 11 is detected (step S122). In the example
of Figs. 17A to 17E, the condition monitoring device 20
detects the abnormal vibration of the other bogie 11 at
the point P.
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[0193] Next, the condition monitoring device 20 deter-
mines whether the points of the abnormal vibration of
bogie 10 and the abnormal vibration of the other bogie
11 match (step S123).

[0194] When the detection points of the abnormal vi-
bration of the bogie 10 and the abnormal vibration of the
other bogie 11 match (Y in step S123), the condition mon-
itoring device 20 notifies the outside that the track abnor-
mality has occurred (step S124). In the example of Figs.
17A to 17E, the abnormal vibrations of the bogie 10 and
the other bogie 11 are detected together at the point P,
so the condition monitoring device 20 transmits to the
outside the fact that the track abnormality has occurred
at point P as the determination result E5.

[0195] When the detection points of the abnormal vi-
bration of the bogie 10 and the abnormal vibration of the
other bogie 11 do not match (N in step S123), the con-
dition monitoring device 20 ends operation S120. In ad-
dition, the condition monitoring device 20 ends the oper-
ation S120 after executing step S124. This operation
S120 is merely an example, and the order of steps may
be changed, or some steps may be added/delet-
ed/changed.

[0196] The determination method of the determiner 44
described above can be variously modified. In the above
explanation, an example of determination based on the
data of the vibration information of the plurality of bogies
of a single train is shown, but for example, the track ab-
normality may be determined based on the data of the
vibration information at the same point of multiple trains.
[0197] In the above description, an example in which
the magnitude (vibration level) of the vibration informa-
tion Jv is used for the determination has been described,
but the characteristics of the vibration information Jv may
be used for the determination. For example, the charac-
teristics of the vibration information Jv when there is the
track abnormality may be stored in advance, and it may
be determined that the point where the characteristics
appear in the data of the actually measured vibration in-
formation Jv is the track abnormality. Note that examples
of the characteristics of the vibration information Jv in-
clude a frequency spectrum (hereinafter referred to
as" spectrum" in the description of the present embodi-
ment) of the vibration information Jv, an amplitude vari-
ation pattern, and the like.

[0198] For example, the spectrum is obtained by per-
forming Fourier transform a time domain waveform of
data and transforming the time domain waveform into a
frequency domain. For example, alearning model is gen-
erated by the machine learning using the track state at
the time of the past track abnormality occurrence and the
spectrum of the past actual measurement data as the
teacher data, and the spectrum of new actual measure-
ment data is input to the learning model, thereby under-
standing the track state.

[0199] In the above description, an example of deter-
mining the track state using the threshold from the vibra-
tion information Jv has been shown, but the present in-
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vention is not limited thereto. The determiner 44 may
determine the track state by using the learning model M5
generated in advance by the machine learning. The
learning model M5 can be generated by the machine
learning (supervised learning) using the actual measure-
ment data of the reference inclination information ac-
quired in advance and the occurrence situation of the
track abnormality as the teacher data. In this case, the
teacher data may include any one of the vibration level
of the reference vibration information, the spectrum of
the vibration, and the amplitude fluctuation pattern of the
vibration. The learning model M5 may be stored in the
storage 46.

[0200] In the above description, an example of deter-
mining the track state based on the vibration information
Jv of the vibration sensor 30b has been shown, but the
presentinvention is not limited thereto. For example, the
bogie frame 12 of the bogie 10 may be provided with the
image sensor 30g that acquires the image of the track
surface and outputs the image information Jg, and the
determiner 44 may determine the track state based on
the image information Jg acquired by the image sensor
30g. For example, when an image different from the im-
ages before and after the imaged area appears in the
image information Jg on the track surface, it may be de-
termined that the image is abnormal and the track is ab-
normal. In this case, it may be possible to make the er-
roneous determination due to the temporary factor, so it
is preferable to perform the remeasurement at the same
point or perform the reconfirmation by the visual obser-
vation.

[0201] In order to avoid the erroneous determination
due to the temporary factor, the determination is per-
formed by referring to another vibration information ac-
quired at another time. For example, in addition to the
image sensor 30g, another image sensor is installed at
another position away in the traveling direction of the
train, and when the determination point of the image ab-
normality based on the image information of the image
sensor 30g and the determination point of the image ab-
normality based on another image sensor match each
other, it may be determined that the track is abnormal.
[0202] Forexample, wheniitis evaluated that the track
state is abnormal based on the image information at the
same point and that the track state is abnormal based
on another image information, the determiner 44 may
determine that there is the track abnormality at the point.
[0203] Note that the significant incident amount of ex-
ternal light to a head bogie, a tail bogie, or the like is a
cause of an erroneous detection. In this case, the image
sensor 30g may be arranged in a middle bogie avoiding
the head bogie or the tail bogie. Further, in order to reduce
the influence of the incident amount of the external light,
a plurality of image sensors 30g may be provided, and
the determination may be made using the image infor-
mation acquired by the image sensor 30g having the
smaller incident amount of the external light. In addition,
a light irradiator 32 that illuminates the track 8 may be
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provided to obtain good image information.

[0204] The characteristics of the condition monitoring
device 20 of the present embodiment will be described.
Since the condition monitoring device 20 determines the
track state based on the vibration or image information
acquired while traveling, the track state can be under-
stood with a small number of man-hours, which is advan-
tageous in terms of cost. In addition, in the present em-
bodiment, the track state is determined by referring to
anotherinformation acquired at another time with respect
to the same point on the track 8, so the erroneous deter-
mination due to the temporary factor can be prevented.
[0205] In the present embodiment, when the determi-
nation of the track state based on one information and
another information on the same point matches each oth-
er, it is determined that there is the track abnormality at
the point, so the erroneous determination can be re-
duced. In the present embodiment, the determination re-
sult of the determiner is notified to the outside of the bogie,
so the determination result can be used for early main-
tenance. In the present embodiment, since the informa-
tion acquired by the sensor provided in bogie is used,
the directly acquired information can be used.

[0206] Inthe presentembodiment, anotherinformation
is acquired by the sensor provided in another bogie of
another vehicle in the same train, so the system can be
completed in the train. In the present embodiment, the
acquirer 30 is attached to the bogie frame 12 or the un-
sprung part 14, and the determiner 44 is attached to the
bogie frame 12, so the wiring distance between the ac-
quirer 30 and the determiner 44 can be shortened.

Sixth Embodiment

[0207] A railway condition monitoring device 20 and a
railway brake control device 80 according to a sixth em-
bodiment of the present invention will be described with
reference to Figs. 1, 2, and 20 to 24. The condition mon-
itoring device 20 and the brake control device 80 accord-
ing to the present embodiment are mounted on the rail-
way vehicle 100. Fig. 20 is a block diagram schematically
illustrating a condition monitoring device 20 and a brake
control device 80 according to the present embodiment.
[0208] A brake 18 of a vehicle 100 is stopped within a
predetermined braking distance by assigning a required
braking force to a regenerative brake 18e and a contact
brake 18d. The contact brake 18d presses a brake shoe
18b against a tread surface 16b of the wheel 16 to gen-
erate a frictional force therebetween, and decelerates
and stops the vehicle 100 by the frictional force. However,
in a state in which a smooth state of the tread surface
16b is smoother than a preset reference (hereinafter, re-
ferred to as "oversmooth state" in the description of the
present embodiment), sufficient frictional force cannotbe
obtained and thus a braking distance becomes long. It
isimportant to detect and cope with the oversmooth state
because the vehicle operation is hindered due to overrun
and the like when the braking distance becomes long.
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[0209] The oversmooth state occurs, for example,
when the surface roughness of the tread surface 16b is
excessively small and when the surface of the tread sur-
face 16b is mirror-finished even when the surface rough-
ness is above a certain level. Therefore, the oversmooth
state of the present embodiment includes a mirror sur-
face state, and includes a state thatis not a mirror surface
but has an excessively small surface roughness.
[0210] Accordingto the study by the presentinventors,
it has been suggested that there is a certain correlation
between tread surface information (hereinafter, referred
to as "tread surface information J6" in the description of
the presentembodiment) on a surface texture of the tread
surface 16b acquired by an optical sensor 30f that detects
reflected light of the tread surface 16b and the smooth
state of the tread surface 16b. Therefore, based on this
correlation, the smooth state of the tread surface 16b can
be evaluated from the tread surface information J6. Fur-
ther, the case where the smooth state of the tread surface
16b indicated by the tread surface information J6 is
smoother than a preset reference can be determined as
the oversmooth state. The optical sensor 30f irradiates
a laser on the tread surface 16b from the light irradiator
32 provided on the bogie 10 and acquires the reflected
light.

[0211] Further, according to the study by the present
inventors, it has been found that when the brake shoe
18b is strongly pressed against the tread surface 16b
determined to be in the oversmooth state, the tread sur-
face 16b is roughened and is not oversmooth (hereinaf-
ter, referred to as "non-oversmooth state in the descrip-
tion of the present embodiment) . Therefore, if it is deter-
mined that the tread surface 16b is in the oversmooth
state, the tread surface 16b can be roughened and the
frictional force can be recovered by controlling the press-
ing force of the brake shoe 18b to be large.

[0212] The main configurations of the condition moni-
toring device 20 and the brake control device 80 of the
present embodiment will be described. As illustrated in
Fig. 20, the condition monitoring device 20 includes an
acquirer 30, an information processor 40, a brake con-
troller 60, a power supplier 70, a position information ac-
quirer 82, a speed sensor 30c, and a light irradiator 32.
In addition, the brake control device 80 includes the ac-
quirer 30, the information processor 40, and a brake con-
troller 60. The information processor 40 includes a de-
terminer 44, a storage 46, a transmitter 48, and a trans-
mission controller42. Unless otherwise specified, the de-
scription of the first embodiment is applied to the config-
uration and operation of each of these elements.
[0213] In the present embodiment, the information
processor 40 acquires speed information Jc from the
speed sensor 30c and position information Jp from the
position information acquirer 82.

[0214] The acquirer 30 includes an optical sensor 30f
that acquires tread surface information J6 on a surface
texture of the tread surface 16b in the bogie 10. The ac-
quirer 30 provides the tread surface information J6 to the
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information processor 40. The storage 46 temporarily
stores the tread surface information J6 acquired by the
acquirer 30. The storage 46 can store the tread surface
information J6 in association with the speed information
Jc at the time of the acquisition. The storage 46 can store
the tread surface information J6 in association with the
speed information Jc at the time of the acquisition. The
storage 46 can store the tread surface information J6 in
association with the acquired position information Jp of
the point on the track.

[0215] Thedeterminer44 determines the smooth state
of the tread surface 16b based on the tread surface in-
formation J6 acquired by the acquirer 30, and provides
the determination result E6. The determination result E6
is the result of classifying the smooth state into a plurality
of ranks according to the level. For example, the deter-
mination result E6 may be the result of classifying the
smooth state into two ranks, or may be the result of finer
classifying the smooth state into three or more ranks.
The determination result E6 of the present embodiment
indicates whether the tread surface 16b is in the overs-
mooth state

[0216] The transmitter 48 transmits the determination
result E6 of the determiner 44 to the outside of the bogie
10. In this case, the determination result E6 can be used
externally. In this example, the transmitter 48 is provided
on the bogie frame 12. The transmitter 48 may be pro-
vided on the vehicle body 2. In this example, the trans-
mitter 48 transmits the determination result E6 to the cab
2d of the vehicle body 2. The determination result E6
may be displayed on a vehicle monitor 2e of the cab 2d.
The transmitter 48 may transmit the determination result
E6 to a computer 84c of a ground command station 84
outside the vehicle 100 or a cloud system. That is, the
transmitter 48 can notify the determination result E6 to
the outside of the bogie 10.

[0217] The transmitter48 transmits a brake control sig-
nal Bc to a brake controller 60 so as to adjust the braking
force when the determination result E6 of the determiner
44 is in the oversmooth state. The brake controller 60
adjusts the braking force according to the brake control
signal Bc transmitted from the transmitter 48. By operat-
ing in this way, the acquirer 30, the information processor
40, and the brake controller 60 constitutes the brake con-
trol device 80. The operation of the brake control device
80 will be described later.

[0218] The acquirer 30 is attached to the bogie 10. In
this case, the tread surface information J6 can be ac-
quired with high accuracy by keeping the positional re-
lationship between the acquirer 30 and the wheels 16
constant. The determiner 44 and the brake controller 60
are provided on the bogie 10 or the vehicle body 2. In
this case, since the determiner 44 and the brake control-
ler 60 can be arranged in a location where vibration is
small, the influence due to the vibration can be mitigated.
[0219] The operation of the condition monitoring de-
vice 20 will be described. The determiner 44 determines
thatthe tread surface 16b isin the oversmooth state when
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the smooth state of the tread surface 16b indicated by
the tread surface information J6 acquired by the acquirer
30 is smoother than a preset reference. Further, when
the smooth state is not smoother than the reference, the
tread surface 16b is determined to be in a non-overs-
mooth state (not an oversmooth state). The determiner
44 provides the determination result E6.

[0220] Anexample of the operation of the brake control
device 80 will be described with reference to Figs. 21,
22, 23, and 24. Fig. 21 is a flowchart illustrating an op-
eration S130 of the brake control device 80. Fig. 22 is a
diagram illustrating an example of the ratio of the braking
force of the contact brake 18d to the braking force of the
brake 18. Graph A in Fig. 22 illustrates the ratio of the
braking force (for example, 30%) of the contact brake
18d when the desired braking force of the brake 18 is
100% during normal operation (during non-brake con-
trol). Graph B shows the ratio (for example, 40%) of the
braking force of the contact brake 18d during the rough-
ening operation (during brake control). Figs. 23 and 24
are diagrams schematically illustrating the operation of
the contact brake 18d.

[0221] This operation is performed while the vehicle
100 is traveling and the brake 18 is operating. When the
operation S130 is started, it is determined whether the
regenerative brake 18e is operating (step S131) . When
the regenerative brake 18e is not operating (N in step
S131), the brake controller 60 ends the operation S130.
That is, when 100% of the braking force of the brake 18
is the braking force of the contact brake 18d, the brake
control is not executed. This is because if the braking
force of the contact brake 18d is too strong, the vehicle
may slip.

[0222] When the regenerative brake 18e is operating
(Y in step S131), the determiner 44 determines whether
the tread surface 16b is in the oversmooth state (step
S132). In this step, the determiner 44 provides the de-
termination result E6 to the brake controller 60 by the
above operation.

[0223] When the tread surface 16b is in the overs-
mooth state (Y in step S133), the brake controller 60 in-
creases the braking force of the contact brake 18d to
increase the ratio (step S134) . In this step, for example,
as shown in the graph B of Fig. 22, the braking force of
the contact brake 18d increases and the ratio increases
to 40%. At this time, the braking force of the regenerative
brake 18e may be weakened to make the braking force
of the brake 18 constant.

[0224] When the tread surface 16b is in the overs-
mooth state (Y in step S133), the condition monitoring
device 20 may notify the outside that the oversmooth
state has occurred.

[0225] Asillustrated in Figs. 23 and 24, when the brak-
ing force of the contact brake 18d increases in step S134,
the brake shoe 18b is strongly pressed against the tread
surface 16b, and the tread surface 16b in the oversmooth
state can be roughened to the non-oversmooth state.
[0226] After executing step S134, the process is re-
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turned to the beginning of step S131, and the loop of
steps S131 to S134 is repeated. The determination of
the tread surface 16b is continued while this loop is re-
peated including the execution of step S134.

[0227] When the oversmooth state is eliminated and
thus the non-oversmooth state is achieved over the entire
tread surface 16b (N in step S133), the brake controller
60 reduces the braking force of the contact brake 18d
and returns to the braking force during normal operation,
and the operation S130 is ended. At this time, the ratio
of the braking force of the contact brake 18d decreases
to the ratio during normal operation. This operation S130
is merely an example, and the order of steps may be
changed, or some steps may be added/deleted/changed.
[0228] The operation of the brake control device 80
described above can be variously modified. In the above
description, the determiner 44 shows an example of the
determination using the tread surface information J6, but
may make the determination using the characteristics of
the tread surface information J6. For example, the char-
acteristics of the tread surface information J6 in the case
of the oversmooth state may be stored in advance, and
when the characteristics appear in the measured data of
the tread surface information J6, it may be determined
that the state is in the oversmooth state. Note that the
characteristics of the tread surface information J6 include
the fluctuation pattern and the like of the tread surface
information J6.

[0229] In the above description, an example in which
the smooth state of the tread surface 16b is determined
from the tread surface information J6 using the standard
has been shown, but the present invention is not limited
thereto. The determiner 44 may determine the smooth
state of the tread surface 16b by using the learning model
M6 generated in advance by the machine learning. The
learning model M6 can be generated by machine learning
(supervised learning) using, as teacher data, the fluctu-
ation pattern of the tread surface information J6 when
the past oversmooth state occurs. The learning model
M6 may be stored in the storage 46.

[0230] Inthe above description, the condition monitor-
ing device 20 shows an example in which the detection
result of the optical sensor 30fis used as the tread surface
information J6 to determine the smooth state of the tread
surface 16b, but the presentinvention is not limited there-
to. For example, the condition monitoring device 20 may
use, as the tread surface information J6, an imaging re-
sult of animage sensor 30g thatimages the tread surface
16b to determine the smooth state of the tread surface
16b. For example, the condition monitoring device 20
may determine the smooth state of the tread surface 16b
using the surface roughness of the tread surface 16b
acquired by a contact or non-contact surface roughness
meter as the tread surface information J6.

[0231] In the above description, an example in which
the braking force of the contact brake 18d is increased
when the tread surface 16b is the oversmooth state has
been shown, but the invention is not limited thereto. For
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example, whenthe tread surface 16bis inthe oversmooth
state, the brake controller 60 may advance the operation
start timing of the contact brake 18d. By advancing the
operation timing of the contact brake 18d, the time when
the brake shoe 18b is in contact with the tread surface
16b becomes longer and the roughening of the tread sur-
face 16b can be promoted.

[0232] The frictional force tends to decrease as a pe-
ripheral speed of the wheel 16 increases. Therefore, the
brake controller 60 may change the ratio of the braking
force of the contact brake 18d or the operation timing of
the contact brake 18d and the regenerative brake 18e
by referring to the speed (speed information Jc) of the
vehicle 100.

[0233] The characteristics of the condition monitoring
device 20 of the present embodiment will be described.
Since the condition monitoring device 20 determines the
smooth state of the tread surface 16b based on the tread
surface information J6 regarding the surface texture of
the tread surface 16b, the smooth state of the tread sur-
face 16b can be understood with a small number of man-
hours, which is advantageous in terms of cost.

[0234] The features of the brake control device 80 of
the present embodiment will be described. In the brake
control device 80, the smooth state of the tread surface
16b is determined based on the tread surface information
J6 on the surface texture of the tread surface 16b, and
since the braking force or operation timing of the contact
brake 18d is changed based on the judgment result, the
tread surface 16b can be roughened to recover the brak-
ing force.

[0235] In the present embodiment, since the braking
force of the contact brake 18d increases when the deter-
mined smooth state is smoother than the preset refer-
ence, the tread surface 16b can be roughened to recover
the braking force. In the present embodiment, after the
braking force of the contact brake 18d increases, the
braking force of the contact brake 18d decreases when
the smooth state is not smoother than the reference, so
the balance with the braking force of the regenerative
brake 18e returns to a normal state.

[0236] Inthe present embodiment, since the detection
result of the optical sensor 30f or the imaging result of
the image sensor 30g is provided as the tread surface
information J6, it is advantageous for miniaturization at
low cost. In the present embodiment, since the braking
force or the operation timing of the contact brake 18d
changes by referring to the vehicle speed, more appro-
priate control can be performed according to the vehicle
speed.

Seventh Embodiment

[0237] A railway condition monitoring device 20 and a
railway brake control device 80 according to a seventh
embodiment of the present invention will be described
with reference to Figs. 1, 2, and 25 to 27A and 27B. The
condition monitoring device 20 and the brake control de-
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vice 80 according to the present embodiment are mount-
ed on the railway vehicle 100. Fig. 25 is a block diagram
schematically illustrating a condition monitoring device
20 and a brake control device 80 according to the present
embodiment.

[0238] If a track is excessively worn (hereinafter, re-
ferred to as "overwear" in the present embodiment), the
ride comfort becomes poor. Therefore, it is important to
specify a wear position of the track and perform mainte-
nance. It is possible to use a dedicated track inspection
car to detect the wear of the track, but in this case, the
track inspection car is expensive and also requires extra
man-hours. For this reason, it is important to monitor the
worn state so as not to excessively wear the track.
[0239] Therefore, a condition monitoring device 20 of
the present embodiment is an acquirer 30 that acquires
information (hereinafter, referred to as "track information
J7")on the wear of the track 8 on which the railway vehicle
100 travels and a transmitter 48 that transmits track in-
formation J7 acquired by the acquirer 30. In this case,
the worn state of the track 8 can be monitored based on
track information J7.

[0240] Further, according to the study by the present
inventors, it has been suggested that the wear of the
track is likely to proceed at a braking start position (here-
inafter, simply referred to as a "braking start position" in
the present embodiment) of a contact brake 18d, and
when the braking start position is concentrated at the
same position, the wear was likely to proceed at that po-
sition. In this way, when the wear proceeds faster at a
particular position than at other positions, the frequency
of replacing the track increases. For this reason, itis pref-
erable to disperse the braking start position forward and
backward from the viewpoint of reducing the frequency
of replacing the track by dispersing the wear position.
[0241] Therefore, the brake control device 80 of the
present embodiment acquires track information Jx on the
wear of the track 8 from a track information providing
device 90 by the information acquirer 30x, acquires po-
sition information Jp of the vehicle 100 (own vehicle) by
a position information acquirer 82, and determines the
braking start position of the contact brake 18d based on
the track information Jx and the position information Jp.
In this case, the braking start position is dispersed to
delay the progress of the wear, thereby reducing the fre-
quency of replacing the track.

[0242] The track information Jx includes information
on a certain amount of wear (hereinafter, referred to as
"specific wear " in the present embodiment) and the po-
sition (hereinafter, referred to as "specific position" in the
presentembodiment) of the specific wear on track 8. Note
that the specific wear includes overwear and wear that
is not overwear but proceeds above a certain level.
[0243] According to the brake control device 80, based
on the track information J7 and the position information
Jp of the vehicle 100 itself, the braking start position of
the contact brake 18d can be dispersed in the front-back
direction of the specific position, and the wear of the track
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8 can be dispersed. In addition, the braking start position
of the contact brake 18d can be set while avoiding a spe-
cific position. By distributing the wear position, the fre-
quency of replacing the track 8 can be reduced.

[0244] The track information providing device 90 is not
limited as long as it can provide the track information Jx,
and examples thereof include the following.

(1) Preceding vehicle capable of imaging a preced-
ing position of the track 8 and providing the track
information Jx

(2) Aircraft such as a drone capable of imaging the
preceding position of the track 8 and providing track
information Jx

(3) Ground equipment capable of providing the track
information Jx from a detection result of a strain sen-
sor installed in each place of track 8 and acquiring
strain information related to the strain of the track 8
(4) Ground equipment capable of providing track in-
formation Jx from imaging results of fixed-point cam-
eras installed at various locations of the track 8 that
acquire the image information on the wear of the
track 8

(5) Ground equipment thatincludes a database stor-
ing the track information Jx provided in the above (1)
to (4) and can provide the track information Jx

[0245] In the description of the present embodiment,
an example in which the track information providing de-
vice 90 is a preceding vehicle that can provide the track
information Jx will be described. The track information
providing device 90 (preceding vehicle) includes an im-
age sensor 90g, a position information acquirer 90p, a
wear determiner 90j, and an information transmitter 90x.
[0246] The image sensor 90g images the preceding
position of the track 8 and acquires the image information.
Specifically, the image sensor 90g is provided in the bo-
gie of the preceding vehicle and acquires image informa-
tion on the worn state of the track 8 from the reflected
light of the light irradiated to the track 8. This image in-
formation may be a still image or a moving image. The
configuration of the image sensor 90g is the same as that
of the image sensor 30g of the first embodiment.
[0247] The position information acquirer 90p acquires
position information on the position of the track informa-
tion providing device 90 (preceding vehicle). The config-
uration of the position information acquirer 90p is the
same as that of the position information acquirer 82 of
the first embodiment.

[0248] The wear determiner 90j determines whether
or not there is specific wear based on the image infor-
mation acquired by the image sensor 90g. The wear de-
terminer 90j specifies a specific position from the position
information acquired by the position information acquirer
90p. The information transmitter 90x transmits the deter-
mination result of the wear determiner 90j regarding
whether there is the specific wear and the specific posi-
tion as the track information Jx to the outside.
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[0249] In particular, the information transmitter 90x
transmits the track information Jx at the position (specific
position) where the specific wear is detected when there
is specific wear. The information transmitter 90x trans-
mits the track information Jx when there is a request from
another vehicle such as a following vehicle, the ground
command station 84, or other outside. The information
transmitter 90x may autonomously transmit the track in-
formation Jx even when there is no request from the out-
side.

[0250] The track information providing device 90 (pre-
ceding vehicle) can be variously modified. For example,
the track information providing device 90 may be provid-
ed with a contact or non-contact surface roughness meter
instead of the image sensor 90g, and the surface rough-
ness of track 8 acquired by this surface roughness meter
may be used as track information.

[0251] The main configurations of the condition moni-
toring device 20 and the brake control device 80 of the
present embodiment will be described. As illustrated in
Fig. 25, the condition monitoring device 20 includes an
acquirer 30, an information processor 40, a power sup-
plier 70, a position information acquirer 82, and a light
irradiator 32. In addition, the brake control device 80 in-
cludes an information acquirer 30x, the information proc-
essor40, and abrake controller 60. The information proc-
essor 40 includes a determiner 44, a storage 46, a trans-
mitter 48, and a transmission controller 42. Unless oth-
erwise specified, the description of the first embodiment
is applied to the configuration and operation of each of
these elements.

[0252] The information acquirer 30x receives the track
information Jx transmitted from the track information pro-
viding device 90 and provides the received track infor-
mation Jx to the information processor 40. The informa-
tion acquirer 30x may request the track information pro-
viding device 90 to transmit the track information Jx. The
position information acquirer 82 provides the position in-
formation Jp to the information processor 40. The acquir-
er 30 is provided in the bogie 10 and includes an image
sensor 30g thatacquires track information J7 on the wear
of the track 8. The acquirer 30 provides the track infor-
mation J7 to the information processor 40.

[0253] The storage 46 temporarily stores the track in-
formation J7 acquired by the acquirer 30. The storage
46 can store the track information J7 in association with
the acquisition timing. The storage 46 can store the ac-
quired track information J7 in association with the posi-
tion information Jp of the position on the track. The stor-
age 46 temporarily stores the information on the specific
wear of the track information Jx in association with the
specific position.

[0254] The determiner 44 determines whether or not
the track 8 on the track of the vehicle 100 has the specific
wear based on the track information Jx transmitted from
the track information providing device 90 (preceding ve-
hicle). Specifically, the determiner 44 determines wheth-
er or not the specific position of the track information Jx
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exists on the route of the vehicle 100, and provides the
determination result E7. Therefore, the determination re-
sult E7 of the present embodiment indicates whether or
not there is specific wear on the track.

[0255] The transmitter 48 transmits the determination
result E7 of the determiner 44 to the outside of the bogie
10. In this case, the determination result E7 can be used
externally. In this example, the transmitter 48 is provided
on the bogie frame 12. The transmitter 48 may be pro-
vided on the vehicle body 2. In this example, the trans-
mitter 48 transmits the determination result E7 to the cab
2d of the vehicle body 2. The determination result E7
may be displayed on a vehicle monitor 2e of the cab 2d.
The transmitter 48 may transmit the determination result
E7 to a computer 84c of a ground command station 84
outside the vehicle 100 or a cloud system. That is, the
transmitter 48 can notify the determination result E7 to
the outside of the bogie 10.

[0256] The transmitter 48 transmits a brake control sig-
nal Bc to a brake controller 60 so as to control a braking
start position when the determination result E7 of the
determiner 44 indicates that there is the specific wear.
The brake controller 60 controls the braking start position
according to the brake control signal Bc transmitted from
the transmitter 48. The operation of the brake control
device 80 will be described later.

[0257] The determiner 44 and the brake controller 60
are provided on the bogie 10 or the vehicle body 2. In
this case, since the determiner 44 and the brake control-
ler 60 can be arranged in a location where vibration is
small, the influence due to the vibration can be mitigated.
[0258] The operation of the condition monitoring de-
vice 20 will be described. The determiner 44 determines
whether there is the specific wear from the track infor-
mation J7 acquired by the image sensor 30g of the ac-
quirer 30. The determiner 44 specifies the specific posi-
tion from the position information Jp of the position infor-
mation acquirer 82. When the determiner 44 determines
thatthere is the specific wear, the transmitter 48 transmits
the information of the specific wear and the specific po-
sition to the outside. That is, the condition monitoring
device 20 may function as the track information providing
device 90 (preceding vehicle) for the following vehicle,
and may apply the description of the track information
providing device 90.

[0259] Anexample of the operation of the brake control
device 80 will be described with reference to Figs. 26 and
27. Fig. 26 is a flowchart illustrating an operation S140
of the brake control device 80. Figs. 27A and 27B are
diagrams schematically illustrating an operation S140 of
the brake control device 80. This operation is an opera-
tion for controlling the braking start position. The "brak-
ing" in the description of the operation S140 indicates
braking by the contact brake 18d unless otherwise spec-
ified. Further, the track information providing device 90
is another preceding vehicle 101. The operation is exe-
cuted while the vehicle 100 is traveling.

[0260] Fig. 27A illustrates a case where specific wear
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8d exists on the track 8 and another vehicle 101 preced-
ing this track 8 and a vehicle 100 following another vehicle
101 travel in the traveling direction. As illustrated in Fig.
27A, when the other vehicle 101 detects the specific wear
8d, the other vehicle 101 transmits the track information
Jx at the position (specific position) where the specific
wear 8d is detected. The vehicle 100 receives the track
information Jx.

[0261] In the normal operation in which the track infor-
mation Jx is not received, the vehicle 100 starts braking
at a preset position T as illustrated in a first pattern of
Figs. 27A and 27B. In automatic operation, the set posi-
tion T is the same every time, and there is a possibility
that the specific wear will occur at this position. The set
position T is stored in the storage 46.

[0262] When the operation S140 is started, the deter-
miner 44 determines whether or not the specific wear 8d
exists at the track 8 on the route has the specific wear
8d (step S141). In this step, the determiner 44 makes a
determination based on the presence or absence of the
specific wear 8d of the track information Jx transmitted
from the track information providing device 90 (another
preceding vehicle 101). When there is no specific wear
8d (N in step S141), the brake controller 60 ends the
operation S140.

[0263] When the specific wear 8d is present (Y in step
S141), the brake controller 60 determines whether the
specific position where the specific wear 8d is present is
the set position T of the vehicle 100 (step S142) . When
the specific position is not the set position T (N in step
S142), the brake controller 60 ends the operation S140.
[0264] When the specific position is the set position T
(Y in step S142), the brake controller 60 determines
whether the vehicle 100 can be stopped within the allow-
able stop range without using excessive braking when
the braking is started at a position (delay position) pos-
terior to the specific position (step S143) . For example,
it can be determined that the vehicle can be stopped
when the braking distance by the normal braking is short-
er than the distance to the allowable vehicle stop range.
[0265] When the vehicle 100 can be stopped within the
allowable stop range (Y in step S143), the brake control-
ler 60 starts braking after the vehicle 100 passes the spe-
cific position, as illustrated in a second pattern of Figs.
27A and 27B (step S144) . After executing step S144,
the brake controller 60 ends the operation S140.

[0266] When the vehicle 100 cannot stop within the
allowable stop range (N in step S143), the brake control-
ler 60 starts braking at a position (early position) before
the specific position, as illustrated in a third pattern of
Figs. 27A and 27B (step S145).

[0267] After the braking is started, the brake controller
60 determines whether the vehicle 100 has reached a
specific position (step S146). When the vehicle 100 does
not reach the specific position (N in step S146), the brake
controller 60 returns the process to the beginning of step
S145 and maintains the braking state.

[0268] When the vehicle 100 reaches the specific po-
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sition (Y in step S146), the brake controller 60 stops brak-
ing (step S147) . The braking stop in this case includes
a braking stop in a narrow sense and a substantial brak-
ing stop that slightly causes a braking force.

[0269] Afterthe brakingis stopped, the brake controller
60 determines whether the vehicle 100 passes through
the specific position (step S148) . When the vehicle 100
does not pass through the specific position (N in step
S148), the brake controller 60 returns the process to the
beginning of step S147 and maintains the braking stop
state.

[0270] When the vehicle 100 passes through the spe-
cific position (Y in step S148), the brake controller 60
resumes the braking (step S149). After executing step
S149, the brake controller 60 ends the operation S140.
This operation S140 is merely an example, and the order
of steps may be changed, or some steps may be add-
ed/deleted/changed. Thus, according to the operation
S140, the braking start position can be dispersed before
and after the specific position. By doing so, the progress
of wear is delayed and the frequency of replacing track
is reduced.

[0271] The operation of the brake control device 80
can be variously modified. For example, the determina-
tionin step S143 may be performed using alearningmod-
el M7 generated in advance by machine learning. The
learning model M7 can be generated by machine learning
(supervisedlearning) using the past actual measurement
data of the vehicle speed, the braking start position, and
the braking distance as teacher data. The learning model
M7 may be stored in the storage 46.

[0272] The operation of the brake control device 80 is
particularly effective for vehicles that are automatically
operated, but can also be applied to non-automatically
operated vehicles that are driven by a driver. In this case,
a notifier (not illustrated) for notifying the driver of the
braking start position may be provided. The driver can
activate the contact brake 18d at the notification timing
of the notifier.

[0273] The characteristics of the condition monitoring
device 20 of the present embodiment will be described.
In the condition monitoring device 20, the acquirer 30
includes an image sensor attached to the bogie 10 of the
vehicle 100. When the image sensor 30g is attached to
the bogie 10, foreign matter can be prevented from ad-
hering from the outside of the bogie 10. In the condition
monitoring device 20, the acquirer 30 may include a strain
sensor that acquires strain information on the strain of
the track 8. In this case, it is possible to disperse the
braking start positions based on the strain of the track 8
and make the wear uniform.

Eighth Embodiment

[0274] A railway condition monitoring device 20 and a
railway brake control device 80 according to an eighth
embodiment of the present invention will be described
with reference to Figs. 1, 2, and 28 to 30. The condition
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monitoring device 20 and the brake control device 80
according to the present embodiment are mounted on
the railway vehicle 100. Fig. 28 is a block diagram sche-
matically illustrating a condition monitoring device 20 and
a brake control device 80 according to the present em-
bodiment.

[0275] Inrailway vehicles, since motion characteristics
such as acceleration and deceleration are changed de-
pending on the vehicle weight, a brake receiver is used
to control a regenerative brake and a contact brake ac-
cording to the vehicle weight. Therefore, it is important
to understand the vehicle weight with high accuracy. For
example, it is possible to use an air spring 12s arranged
between the bogie 10 and the vehicle body 2 to calculate
the vehicle weight based on a displacement of the air
spring 12s and a spring constant. However, in this meth-
od, the spring constant becomes non-linear and the error
becomes large because a dead zone of a leveling valve,
rattling of a link device for detection, and the like exist in
the air spring 12s.

[0276] From these, the present inventors devised a
technique for calculating the vehicle weight based on the
displacement of the shaft spring 12j and the spring con-
stant by focusing on the shaft spring 12j arranged be-
tween the bogie frame 12 and the unsprung part 14.
[0277] Therefore, the condition monitoring device 20
of the presentembodimentis an acquirer 30 that acquires
information (hereinafter, referred to as "distance infor-
mation J8" in this specification) on a distance between
the bogie 10 of the railway vehicle 100 on the track 8 and
the track 8 and a determiner 44 that determines the
weight of the vehicle 100 based on the distance informa-
tion J8 acquired by the acquirer 30. In this case, the ve-
hicle weight of the track 8 can be monitored based on
the distance information J8. This technology can improve
the calculation accuracy of the vehicle weight compared
to the case of using the air spring 12s. In addition, this
technology can also be applied to vehicles that do not
have air springs.

[0278] Forexample, the vehicle weight (=changein the
number of passengers) can be calculated from the
change in the displacement of the shaft spring 12j based
on the actually measured value when the number of pas-
sengers is zero. Specifically, since the shaft spring 12j
flexes and expands and contracts vertically according to
the change in the vehicle weight, the vehicle weight can
be calculated by measuring the vertical distance from the
bogie frame 12 to the track 8.

[0279] Fig. 29 is a diagram schematically illustrating
the bogie 10 viewed from the front. Fig. 30 is a diagram
schematically illustrating the bogie 10 viewed from the
side. As illustrated in Fig. 29, the acquirer 30 is attached
to the bogie frame 12 of the bogie 10 and includes a
plurality of distance sensors 30ka and 30kb for measur-
ing the distances to the tracks 8 on both sides in the width
direction. Since the plurality of distance sensors 30ka
and 30kb are used, the error when the weight balance
of the vehicle body 2 is biased to one side in the width
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direction can be reduced. The distance sensors 30ka and
30kb of the present embodiment are each attached to
the lower surfaces of the side beams 12e and 12f on both
sides in the width direction, respectively.

[0280] A distance sensor 30ka measures a distance
Hka to an upper surface (tread surface) of the track 8 on
a lower surface of one side beam 12e, and a distance
sensor 30kb measures a distance Hkb to the upper sur-
face (tread surface) of the track 8 on a lower surface of
the other side beam 12f. The distance sensors 30ka and
30kb are laser displacement sensors that acquire a sep-
aration distance based on the reflected light of the irra-
diated laser. The distance sensors 30ka and 30kb may
be the known sensors such as ultrasonic sensors and
optical sensors instead of the laser displacement sensor.
The measurement results of the distances Hka and Hkb
are provided as the distance information J8.

[0281] As illustrated in Fig. 30, the plurality of distance
sensors 30ka and 30kb measure the distance to the track
at a central position between the front and rear wheels
of the bogie 10. In the present embodiment, the central
position is not limited to the strict central position, and
includes the case where the central position can be vis-
ually determined. Since the distance is measured at the
central position, the error when the weight balance of the
vehicle body 2 is biased to the front or rear can be re-
duced. Further, in this case, since the distance measure-
ment is performed at a position away from the wheel, the
influence by a state of a contact surface between the
wheel 16 and the track 8 can be reduced. Note that the
distance sensors 30ka and 30kb may be arranged at po-
sitions deviated from the central position to the front and
rear.

[0282] In the example of Fig. 30, side beams 12e and
12f have central portions located below both ends in the
front-back direction. The distance sensors 30ka and 30kb
may be provided at a portion located below the front and
rear ends of the side beams 12e and 12f, or may be
provided at a portion closest to the track 8.

[0283] As illustrated in Fig. 28, the present embodi-
ment includes the transmitter 48 that transmits a deter-
mination result E8 of the determiner 44 to the outside of
the bogie 10. The transmitter 48 functions as a notifier
that notifies the determination result E8 to the outside.
[0284] Further, the present embodiment includes the
brake control device 80 that changes how to apply the
brake 18 according to the determination result E8 of the
vehicle weight, as illustrated in Fig. 28. The brake control
device 80 includes the acquirer 30 that acquires the dis-
tance information J8 on the distance between the bogie
10 of the railway vehicle 100 on the track 8 and the track
8, the determiner 44 that determines the weight of the
vehicle 100 based on the distance information J8 ac-
quired by the acquirer 30, and the brake controller 60
that changes the braking force or the operation timing of
the brake 18 of the vehicle 100 based on the determina-
tionresult E8 of the determiner 44. In this case, the meth-
od of applying the brake 18 can be changed according
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to the distance information J8. The control operation of
the brake will be described later.

[0285] The main configurations of the condition moni-
toring device 20 and the brake control device 80 of the
present embodiment will be described. As illustrated in
Fig. 28, the condition monitoring device 20 includes the
acquirer 30, the information processor 40, the power sup-
plier 70, and the position information acquirer 82. In ad-
dition, the brake control device 80 includes the acquirer
30, the information processor 40, the determiner 44, and
the brake controller 60. The information processor 40
includes the storage 46, the transmitter 48, and the trans-
mission controller 42. Unless otherwise specified, the de-
scription of the first embodiment is applied to the config-
uration and operation of each of these elements.
[0286] The position information acquirer 82 provides
the position information Jp to the information processor
40. The acquirer 30 is provided on the bogie frame 12 of
the bogie 10 and provides the distance information J8
including the distances Hka and Hkb to the information
processor 40.

[0287] The storage 46 temporarily stores the distance
information J8 acquired by the acquirer 30. The storage
46 can store the distance information J8 in association
with the acquisition timing. The storage 46 can store the
distance information J8 in association with the acquired
position information Jp of the position on the track. The
storage 46 can store the past data previously acquired,
the initial data at the time of manufacturing or mainte-
nance, and the design data on the design, regarding the
distance information J8.

[0288] The determiner 44 determines the vehicle
weight based on the distance information J8 acquired by
the acquirer 30 and provides the determination result E8.
Specifically, the determiner 44 determines the vehicle
weight calculated from the distance information J8 using
apreset threshold. The determination result E8 is aresult
of classifying the calculated vehicle weight into a plurality
of ranks according to the level. For example, the deter-
mination result E8 may be a result of classifying the dis-
tance information J8 into two ranks, or may be a result
of finer classifying the distance information into three or
more ranks. The determination result E8 of the present
embodiment indicates whether or not the vehicle weight
is greater than the threshold.

[0289] Further, parameters for the vehicle weight of
the power running control and the brake control may be
automatically changed according to the vehicle weight
without dividing the vehicle weight into ranks. For exam-
ple, the vehicle weight may be input to the brake receiver
that performs control so as to exert a constant deceler-
ation according to the brake command. The brake re-
ceiver controls the regenerative brake and contact brake
according to the vehicle weight.

[0290] The transmitter 48 transmits the determination
result E8 of the determiner 44 to the outside of the bogie
10. In this case, the determination result E8 can be used
externally. In this example, the transmitter 48 is provided
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on the bogie frame 12. The transmitter 48 may be pro-
vided on the vehicle body 2. In this example, the trans-
mitter 48 transmits the determination result E8 to the cab
2d of the vehicle body 2. The transmitter 48 may transmit
the determination result E8 to a computer 84c of a ground
command station 84 outside the vehicle 100 or a cloud
system. That is, the transmitter 48 can notify the deter-
mination result E8 to the outside of the bogie 10.
[0291] The transmitter 48 transmits the brake control
signal Bc to the brake controller 60 when the determina-
tion result E8 of the determiner 44 indicates that the ve-
hicle weight is greater than the threshold. The brake con-
troller 60 controls to increase the braking force of the
contact brake 18d or to accelerate the braking start timing
of the contact brake 18d according to the brake control
signal Bc transmitted from the transmitter 48. The oper-
ation of the brake control device 80 will be described later.
[0292] The determiner 44 and the brake controller 60
are provided on the bogie 10 or the vehicle body 2. In
this case, since the determiner 44 and the brake control-
ler 60 can be arranged in a location where vibration is
small, the influence due to the vibration can be mitigated.
[0293] An example of the operation of the condition
monitoring device 20 will be described. The condition
monitoring device 20 calculates the vehicle weight from
the difference from the newly acquired distance informa-
tion J8, regarding the distance information J8 by using,
as a reference value, any of past data, initial data, and
design data in a state where the number of passengers
is zero, regarding the distance information J8. The con-
dition monitoring device 20 determines whether or not
the calculated vehicle weight is greater than the thresh-
old, and transmits the determination result E8 to the out-
side of the bogie 10. The operation of the condition mon-
itoring device 20 may be executed at regular intervals.
[0294] From the viewpoint of reducing the error, it is
preferable that the operation of the condition monitoring
device 20 is executed at a preset specific position. The
specific position may be a reference position, and for
example, a position where the track is horizontal may be
selected. The condition monitoring device 20 may oper-
ate based on the position information Jp.

[0295] The operation of the condition monitoring de-
vice 20 may be executed while the vehicle 100 is stopped
or traveling. In order to avoid the influence of local wear
of the wheel 16 and improve the measurement accuracy,
the value (for example, the average value) obtained by
statistically processing the data acquired during at least
one rotation of the wheel 16 is used as the distance in-
formation J8. In this case, the influence of the local wear
of the wheels 16 can be suppressed.

[0296] Anexample of the operation of the brake control
device 80 will be described. The brake control device 80
inputs the calculated vehicle weight to the brake receiver,
and calculates the required braking force according to
the vehicle weight. In addition, the brake control device
80 transmits the calculated vehicle weight to the outside
and performs the power running control and the braking
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control of the vehicle with the vehicle weight as a control
parameter. The operation of the brake control device 80
may be executed at regular intervals.

[0297] The relationship between the displacement of
the shaft spring 12j and the vehicle weight is non-linear,
and it may be difficult to calculate the vehicle weight from
the detection results of the distance sensors 30ka and
30kb. For example, the vehicle weight may be calculated
using a learning model M8 generated in advance by ma-
chine learning. The learning model M8 can be generated
by machine learning (supervised learning) using the de-
tection results of the distance sensors 30ka and 30kb
and the past actual measurement data of the vehicle
weight as teacher data. The learning model M8 may be
stored in the storage 46.

Ninth Embodiment

[0298] A railway condition monitoring device 20 and a
railway brake control device 80 according to a ninth em-
bodiment of the present invention will be described with
reference to Figs. 1, 2, and 31 to 34. The condition mon-
itoring device 20 and the brake control device 80 accord-
ing to the present embodiment are mounted on the rail-
way vehicle 100. Fig. 31 is a block diagram schematically
illustrating a condition monitoring device 20 and a brake
control device 80 according to the present embodiment.
[0299] Whenawheel 16 of arailway vehicle 100 travels
on a track 8, a tread surface 16b of the wheel 16 is worn
(including damage) due to factors such as friction with
the track 8, friction with a brake shoe 18b, sliding due to
rain, and the like. Such wear may proceed unevenly, and
if the wear proceeds excessively, the ride comfort may
be deteriorated and the vehicle 100 can be adversely
affected. Therefore, it is preferable to understand the
wear amount of the wheel 16 and perform maintenance
of the wheel 16 such as wheel rolling before the wear
proceeds excessively.

[0300] Further, a diameter (hereinafter, referred to
as" wheel diameter" in the present embodiment) of the
tread surface 16b of the wheel 16 is set as an important
parameter in the power running control and the brake
control of the vehicle 100. Therefore, it is desirable to
understand the wheel diameter and change parameters
according to the amount of change in the wheel diameter
before the wheel diameter changes excessively.

[0301] In order to measure the amount of wear of the
wheel 16 and the amount of change (hereinafter referred
to as "the amount of change in a wheel shape" in the
present embodiment) in the wheel diameter, it is consid-
ered to perform a special measurement operation using
a dedicated device such as a wheel diameter measure-
ment device in a garage. However, the method requires
complicated calculations to improve the measurement
accuracy, and is disadvantageous in terms of cost due
to the use of a large-scale dedicated device.

[0302] From these, the present inventors proposed a
technique for calculating the wheel shape change
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amount from the change amount of the newly measured
distance between the bogie 10 and track 8 with respect
to the reference distance between the bogie 10 and the
track 8.

[0303] Therefore, the condition monitoring device 20
ofthe presentembodimentis an acquirer 30 that acquires
information (hereinafter, referred to as "distance infor-
mation J9" in this specification) on a distance between
the bogie 10 of the railway vehicle 100 on the track 8 and
the track 8 and adeterminer 44 thatdetermines the shape
change amount of the wheel 16 of the bogie 10 based
on the distance information J9 acquired by the acquirer
30 and the preset reference distance information Js. In
this case, the wheel shape change amount of the track
8 can be monitored based on the distance information J9.
[0304] For example, the reference distance informa-
tion Js may be an actually measured or set distance be-
tween the bogie 10 and the track 8 in a vehicle-vacant
state in which there are no passengers on the horizontal
track 8. The reference distance information Js may be
any of past data actually measured in the past, initial data
at the time of manufacturing or maintenance, and design
data set at the time of design. The reference distance
information Js of the present embodiment is set based
on the initial data at the time of manufacturing or main-
tenance.

[0305] Fig. 32 is a diagram schematically illustrating
the bogie 10 viewed from the front. Fig. 33 is a diagram
schematically illustrating the bogie 10 viewed from one
side. Fig. 34 is a diagram schematically illustrating the
bogie 10 viewed from the other side. As illustrated in Fig.
32, the acquirer 30 is attached to the bogie frame 12 of
the bogie 10 and is arranged spaced apart from each
other on both sides in the width direction, and includes
afirst distance sensor 30p and a second distance sensor
30s each measuring a distance to the track 8. Since the
first distance sensor 30p and the second distance sensor
30s arranged spaced apartfrom each other on both sides
in the width direction are used, the error when the weight
balance of the vehicle body 2 is biased to one side in the
width direction can be reduced. The first distance sensor
30p and the second distance sensor 30s of the present
embodiment are each attached to lower surfaces of side
beams 12e and 12f on both sides in the width direction,
respectively.

[0306] Thefirstdistance sensor30pincludes aplurality
(two) of sensor units 30pa and 30pb which are arranged
spaced apart from each other in the front-rear direction
between the front wheel 16f and the rear wheel 16r of
the bogie 10. The sensor units 30pa and 30pb measure
distances Hpa and Hpb to the upper surface (tread sur-
face) of the track 8 on the lower surface of the one side
beam 12e. The second distance sensor 30s includes a
plurality (two) of sensor units 30sa and 30sb which are
arranged spaced apart from each other in the front-rear
direction between the front wheel 16f and the rear wheel
16r of the bogie 10. The sensor units 30sa and 30sb
measure distances Hsa and Hsb to the upper surface

10

15

20

25

30

35

40

45

50

55

32

(tread surface) of the track 8 on the lower surface of the
other side beam 12f.

[0307] The sensor units 30pa, 30pb, 30sa, and 30sb
are laser displacement sensors that acquire a separation
distance based on the reflected light of the irradiated la-
ser. The sensor units 30pa, 30pb, 30sa, and 30sb may
be the known sensors such as ultrasonic sensors and
optical sensors instead of the laser displacement sensor.
The measurement results of the distances Hpa, Hpb,
Hsa, and Hsb are provided as the distance information
Jo.

[0308] Asillustratedin Figs. 33 and 34, the sensor units
30pa and 30sa are arranged closer to the front wheel 16f
with respect to the central position of the bogie 10, and
the sensor units 30pb and 30sb are arranged closer to
the rear wheel 16r respect to the central position of the
bogie 10. Thus, by arranging the sensor unit correspond-
ing to each ofthe four wheels 16, the wheel shape change
amount of each of the four wheels 16 can be measured.
Further, by arranging the sensor unit close to the wheel
16, the measurement error of the wheel shape change
amount can be reduced.

[0309] In the example of Figs. 33 and 34, side beams
12e and 12f have a middle portion located below both
ends in the front-back direction. The sensor units 30pa,
30pb, 30sa, and 30sb may be provided at a portion lo-
cated below the front and rear ends of the side beams
12e and 12f, or may be provided at a portion closest to
the track 8.

[0310] As illustrated in Fig. 31, the present embodi-
ment has the transmitter 48 that transmits a determina-
tion result E9 of the determiner 44 to the outside of the
bogie 10. The transmitter 48 functions as a notifier that
notifies the determination result E9 to the outside.
[0311] Further, the present embodiment includes the
brake control device 80 that changes how to apply the
brake 18 according to the determination result E9 of the
wheel shape change amount, as illustrated in Fig. 31.
The brake control device 80 includes the acquirer 30 that
acquires the distance information J9 on the distance be-
tween the bogie 10 of the railway vehicle 100 on the track
8 and the track 8, the determiner 44 that determines the
shape change amount of the wheel 16 of the bogie 10
based on the distance information J9 acquired by the
acquirer 30 and the presetreference distance information
Js, and the brake controller 60 that changes the braking
force or the operation timing of the brake 18 of the vehicle
100 based on the determination result of the determiner
44. In this case, the method of applying the brake 18 can
be changed according to the distance information J9. The
control operation of the brake will be described later.
[0312] The main configurations of the condition moni-
toring device 20 and the brake control device 80 of the
present embodiment will be described. As illustrated in
Fig. 31, the condition monitoring device 20 includes the
acquirer 30, the information processor 40, the power sup-
plier 70, and the position information acquirer 82. In ad-
dition, the brake control device 80 includes the acquirer
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30, the information processor 40, and a brake controller
60. The information processor 40 includes a determiner
44, a storage 46, a transmitter 48, and a transmission
controller 42. Unless otherwise specified, the description
of the firstembodimentis applied to the configuration and
operation of each of these elements.

[0313] The position information acquirer 82 provides
the position information Jp to the information processor
40. The acquirer 30 is provided on the bogie frame 12 of
the bogie 10 and provides the distance information J9
including the distances Hpa, Hpb, Hsa, and Hsb to the
information processor 40.

[0314] The storage 46 temporarily stores the distance
information J9 acquired by the acquirer 30. The storage
46 can store the distance information J9 in association
with the acquisition timing. The storage 46 can store the
distance information J9 in association with the acquired
position information Jp of the position on the track. The
storage 46 can store the past data previously acquired,
the initial data at the time of manufacturing or mainte-
nance, and the design data on the design, as the refer-
ence distance information Js.

[0315] The determiner 44 determines the wheel shape
change amount based on the distance information J9
acquired by the acquirer 30 and the reference distance
information Js and provides the determination result E9.
The determination result E9 may be the wheel shape
change amount calculated as a difference of the distance
information J9 from the reference distance information
Js. Further, the determination result E9 may be a result
of classifying the calculated wheel shape change amount
into a plurality of ranks using a preset threshold. For ex-
ample, the determination result E9 may be a result of
classifying the distance information J9 into two ranks, or
may be a result of finer classifying the distance informa-
tion J9 into three or more ranks.

[0316] The determination result E9 of the present em-
bodiment is a result of classifying the wear amount of the
wheel shape change amountinto three ranks of "low wear
amount", "medium wear amount", and "large wear
amount". For example, when the determination result E9
indicates the "low wear amount”, it can be predicted that
the maintenance time will not be reached for the time
being. For example, when the determination result E9
indicates the " medium wear amount”, it can be predicted
that the maintenance time such as the wheel rolling is
reached after half a year. For example, when the deter-
mination result E9 indicates the "large wear amount", it
can be predicted that the maintenance time such as the
wheel rolling is reached within three months.

[0317] The determination result E9 of the present em-
bodiment is a result of classifying the wheel diameter
change amount of the wheel shape change amount into
three ranks of "low change amount", "medium change
amount", and "large change amount". Forexample, when
the determination result E9 indicates that the wheel di-
ameter is the "medium change amount" or the "large
change amount ", parameters for the power running con-
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trol and the brake control of the vehicle 100 may be
changed according to the change amount.

[0318] Further, regarding the wheel diameter change
amount of the wheel shape change amount, the param-
eters for the wheel diameter of the power running control
and the brake control may be automatically changed ac-
cording to the wheel diameter change amount without
classifying the ranks. For example, the wheel change
amount may be input to the brake receiver that performs
control so as to exert a constant deceleration according
to the brake command. The brake receiver controls the
regenerative brake and contact brake according to the
vehicle diameter change amount.

[0319] The transmitter 48 transmits the determination
result E9 of the determiner 44 to the outside of the bogie
10. In this case, the determination result E9 can be used
externally. In this example, the transmitter 48 is provided
on the bogie frame 12. The transmitter 48 may be pro-
vided on the vehicle body 2. In this example, the trans-
mitter 48 transmits the determination result E9 to the cab
2d of the vehicle body 2. The transmitter 48 may transmit
the determination result E9 to a computer 84c of a ground
command station 84 outside the vehicle 100 or a cloud
system. That is, the transmitter 48 can notify the deter-
mination result E9 to the outside of the bogie 10.
[0320] The transmitter 48 transmits the brake control
signal Bc to the brake controller 60 when the determina-
tion result E9 of the determiner 44 indicates thatthe wheel
diameter is the " medium change amount" or the "large
change amount". The brake controller 60 controls to in-
crease the braking force of the contact brake 18d or to
accelerate the braking start timing of the contact brake
18d according to the brake control signal Bc transmitted
from the transmitter 48.

[0321] The determiner 44 and the brake controller 60
are provided on the bogie 10 or the vehicle body 2. In
this case, since the determiner 44 and the brake control-
ler 60 can be arranged in a location where vibration is
small, the influence due to the vibration can be mitigated.
[0322] An example of the operation of the condition
monitoring device 20 will be described. The condition
monitoring device 20 operates to acquire the distance
information J9 for each preset period and determine the
shape change amount based on the acquired distance
information J9 and the reference distance information Js.
The preset period may be one day, one week, one month,
and the like. In the present embodiment, this operation
is performed every day, at the beginning of work, or at
the end of work.

[0323] From the viewpoint of reducing the error, it is
preferable that the operation of the condition monitoring
device 20 is executed at a preset specific position. The
specific position may be a reference position such as a
garage (including a pit and a storage line), and a position
where the track is horizontal is preferable . The condition
monitoring device 20 may operate based on the position
information Jp. The operation of the condition monitoring
device 20 may be executed in a location other than the
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garage as long as it is empty on a horizontal track.
[0324] The operation of the condition monitoring de-
vice 20 may be executed while the vehicle 100 is stopped
or traveling. In order to avoid the influence of local wear
of the wheel 16 and improve the measurement accuracy,
the value (for example, the average value) obtained by
statistically processing the data acquired during at least
one rotation of the wheel 16 is used as the distance in-
formation J9. In this case, the influence of the local wear
of the wheels 16 can be suppressed.

[0325] Anexample of the operation of the brake control
device 80 will be described. The brake control device 80
may input the calculated vehicle shape change amount
to the brake receiver, and calculate the required braking
force according to the wheel shape change amount. In
addition, the brake control device 80 transmits the cal-
culated wheel shape change amount to the outside and
performs the power running control and the braking con-
trol of the vehicle with the wheel shape change amount
as a control parameter. The operation of the brake control
device 80 may be executed at regular intervals.

[0326] Since therelationship between the detection re-
sults of the first distance sensor 30p and the second dis-
tance sensor 30s and the wheel shape change amount
(wear amount or wheel diameter change amount) is non-
linear, it may be difficult to calculate the wheel shape
change amount from the detection results of the first dis-
tance sensor 30p and the second distance sensor 30s.
For example, the wheel shape change amount may be
calculated using a learning model M9 generated in ad-
vance by machine learning. The learning model M9 can
be generated by machine learning (supervised learning)
using the past actual measurement data of the detection
results of the first distance sensor 30p and the second
distance sensor 30s and the wheel shape change
amount as teacher data. The learning model M9 may
also be stored in the storage 46.

[0327] Hereinafter, examples of the embodiments of
the present invention have been described above in de-
tail. All the above-described embodiments or modifica-
tions are merely specific examples for implementing the
present invention. The contents of the embodiments do
not limit the technical scope of the presentinvention, and
various changes in design such as modifications, addi-
tions, and deletions of components can be made without
departing from the spirit of the invention defined in the
claims. In the above-described embodiment, the con-
tents such as "of one embodiment" and "in one embod-
iment" are described with respectto the contents in which
such a design change is possible, the change in design
is permitted even if the contents are notdescribed in such
a notation.

Modification
[0328] Hereinafter, modifications will be described. In

the drawings and description of the modifications, the
same or equivalent constituent elements and members
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as those of the embodiment are designated by the same
reference numerals. Descriptions that overlap with those
of the embodiment will be appropriately omitted, and con-
figurations different from those of the first embodiment
will be mainly described.

[0329] In the description of the first embodiment, an
example in which the wheel diameter information is ac-
quired based on the distance from the bogie frame 12 to
the tread surface 16b of the wheel 16 has been shown,
but the present invention is not limited thereto. The wheel
diameter information may be acquired based on the dis-
tance from the bogie frame 12 to the track 8. By meas-
uring the distance from the bogie frame 12 to the track
8, a change (= change in the number of passengers) in
the weight of the vehicle 100 can be detected. The weight
of the vehicle 100 can be understood by the difference
from the measured value when the number of passen-
gers is zero.

[0330] Since the shaft spring 12j flexes and expands
and contracts vertically according to the change in the
weight of the vehicle 100, the vehicle weight can be cal-
culated by measuring the vertical distance from the bogie
frame 12 to the track 8, so the weight of the vehicle 100
can be understood. The vertical distance from the bogie
frame 12 to the track 8 can be measured with an ultra-
sonic sensor or an optical sensor. Under the condition
that the weight of the vehicle 100 is constant, the flexure
of the shaft spring 12j is constant, and the distance from
the bogie frame 12 to the track 8 changes according to
the change in the wheel diameter. Therefore, the wheel
diameter can be calculated by measuring the distance
from the bogie frame 12 to the track 8 under the condition
that the weight of the vehicle 100 is constant.

[0331] Itis preferable to measure the distance from the
bogie frame 12 to the track 8 at the center of the bogie
frame 12 in the width direction and the center of the front-
back direction. In this case, the influence of the axle 16s
can be suppressed. In addition, it is possible to under-
stand the current vehicle wheel diameter by obtaining
the difference from the reference wheel diameter by com-
paring the distances from the bogie frame 12 to the track
8 at two different time points under the condition that the
weight of the vehicle 100 is the same. By comparing the
wheel diameters between the plurality of wheels 16, it is
possible to match the wheel diameters by rolling the plu-
rality of wheels 16 according to the minimum wheel di-
ameter.

[0332] Although each of the above-described embod-
iments shows an example in which the tread surface
brake is provided, a disk brake may be provided instead
of the tread surface brake within the range consistent
with the description of the embodiment.

[0333] The above-described modification has the
same operation and effect as each of the embodiments.
[0334] Any combination of the above-described em-
bodiments and modifications is also useful as an embod-
iment of the present invention. The new embodiment
generated by the combination has the effects of the com-
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bined embodiments and modifications.
[0335]
described embodiments may be specified by the items
described below.

The invention according to each of the above-

(Item 1) A railway condition monitoring device, com-
prising:

an acquirer structured to be attached to a railway
vehicle bogie and acquire state information on
one or more of vibration, velocity, acceleration,
sound, reflected light, an image, temperature,
humidity, and a wheel diameter;

a determiner structured to be attached to the
bogie, perform a determination of a state of a
track on which the bogie travels or a state of the
bogie based on the state information acquired
by the acquirer, and provide the determination
result;

a transmitter structured to be attached to the bo-
gie and transmit the determination result to an
outside of the bogie; and

apower supplier structured to be attached to the
bogie and supply power to the acquirer and the
transmitter.

(Item 2) The railway condition monitoring device ac-
cording to item 1, further comprising:

a storage structured to temporarily store the infor-
mation acquired by the acquirer.

(Item 3) The railway condition monitoring device ac-
cording to item 1 or 2, further comprising:

a position information acquirer structured to ac-
quire position information on a position of the
railway vehicle,

wherein the transmitter transmits the determi-
nation result to the outside of the bogie when
the bogie is at a preset position based on the
position information acquired by the position in-
formation acquirer.

(Item 4) The railway condition monitoring device ac-
cording to any one of items 1 to 3, wherein the trans-
mitter transmits the determination result to the out-
side of the bogie when the determination result sat-
isfies a predetermined condition.

(Item 5) The railway condition monitoring device ac-
cording to any one of items 1 to 4, wherein the power
supplier includes a generator attached to the bogie
and a battery charged by the generator, and

the transmitter transmits the determination result to
the outside of the bogie when a residual storage
amount of the battery is greater than a preset level.
(Item 6) The railway condition monitoring device ac-
cording to any one of items 1 to 5, wherein the trans-
mitter transmits the determination result to the out-
side of the bogie when a communication state with
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a communication partner is greater than the preset
level.

(Item 7) The railway condition monitoring device ac-
cording to any one of items 1 to 6, wherein the trans-
mitter is attached to a bogie frame, and the acquirer
is attached to an unsprung part supported through
a spring from the bogie frame.

(Item 8) The railway condition monitoring device ac-
cording to any one of items 1 to 7, wherein the de-
terminer makes the determination using a learning
model generated by using machine learning based
on state information acquired in advance and the
state of the track or the state of the bogie correspond-
ing to the state information.

(Item 9) The railway condition monitoring device ac-
cording to item 8, further comprising:

a model generator structured to be attached to
the bogie and generate the learning model,

wherein the model generator updates the learn-
ing model based on newly acquired state infor-
mation and the state of the track or the state of
the bogie corresponding to the state information.

(Item 10) A railway vehicle bogie, comprising:

an acquirer structured to acquires state informa-
tion on one or more of vibration, speed, accel-
eration, sound, reflected light, an image, tem-
perature, humidity, and a wheel diameter;
adeterminer structured to make a determination
of a state of a track on which the bogie travels
or a state of the bogie based on the state infor-
mation acquired by the acquirer and provide the
determination result;

a transmitter structured to transmit the determi-
nation result to an outside of the bogie; and

a power supplier structured to supply power to
the acquirer and the transmitter.

(Item 11) A railway vehicle, comprising:

a bogie;

an acquirer structured to be attached to the bo-
gie and acquire state information on one or more
of vibration, velocity, acceleration, sound, re-
flected light, an image, temperature, humidity,
and a wheel diameter;

a determiner structured to be attached to the
bogie, make a determination of a state of a track
on which the bogie travels or a state of the bogie
based on the state information acquired by the
acquirer, and provide the determination result;
atransmitter structured to be attached to the bo-
gie and transmit the determination result to an
outside of the bogie; and

a power supplier structured to be attached to the
bogie and supply power to the acquirer and the
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transmitter.

(Item 12) Arailway condition monitoring device, com-
prising:

an acquirer structured to be attached to a railway
vehicle bogie, and acquire vibration information
on vibration in the bogie and speed information
of the vehicle; and

a determiner structured to perform a determina-
tion of a worn state of a wheel of the bogie based
on the vibration information and the speed infor-
mation acquired by the acquirer and provide the
determination result.

(Item 13) The railway condition monitoring device
according to item 12, wherein

the determiner determines the worn state of the
wheel using a learning model generated by machine
learning based on reference vibration information
acquired in advance for the bogie and actual meas-
urement data of the worn state of the wheel corre-
sponding to the reference vibration information.
(Item 14) The railway condition monitoring device
according to item 12 or 13, wherein the determiner
determines the worn state of the wheel based on a
plurality of pieces of vibration information acquired
for a plurality of locations of the bogie spaced apart
from each other.

(Item 15) The railway condition monitoring device
according to any one of items 12 to 14, wherein the
vibration information is acquired by a sensor at-
tached to a bogie frame of the bogie or a portion
supported through a spring from the bogie frame.
(Item 16) The railway condition monitoring device
according to item 15, wherein the determiner is pro-
vided on the bogie frame or an outside of the bogie.
(Item 17) The railway condition monitoring device
according to any one of items 12 to 16, further com-
prising: a transmitter structured to transmit the de-
termination result of the determiner to the outside of
the bogie.

(Item 18) A railway vehicle bogie, comprising:

asensor structured to acquire vibration informa-
tion on vibration of a bogie; and

a determiner structured to determine a worn
state of a wheel based on the vibration informa-
tion and speed information of a vehicle.

(Item 19) A railway vehicle, comprising:

a bogie;

a sensor structured to be attached to the bogie
and acquire vibration information on vibration of
the bogie;

a determiner structured to determine a worn
state of a wheel based on the vibration informa-
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tion and speed information of a vehicle; and

a vehicle body to which a device structured to
receive a determination result of the determiner
is provided.

(Item 20) A railway brake control device, comprising:

an acquirer structured to acquire sound informa-
tion on sound or vibration information on vibra-
tion in arailway vehicle bogie when a brake shoe
in the bogie is pressed against a braking mem-
ber to generate a braking force;

a determiner structured to determine an occur-
rence state of a brake squeal of the brake shoe
or the braking member based on the sound in-
formation or the vibration information acquired
by the acquirer; and

a brake controller structured to change the brak-
ing force to reduce the brake squeal when the
determiner determines that the brake squeal oc-
curs.

(Iltem 21) The railway brake control device according
to item 20, wherein the determiner determines that
the brake squeal occurs when the sound information
or the vibration information satisfies a preset deter-
mination condition.

(Item 22) The brake control device according to item
20, wherein the determiner uses a learning model
generated in advance by machine learning based on
reference sound information or reference vibration
information and actual measurement data of an oc-
currence state of the brake squeal to determine the
occurrence state of the brake squeal.

(Item 23) The brake control device according to item
22, wherein the learning model includes any one of
a material of the brake shoe, a shape of the brake
shoe, a pressing force of the brake shoe, a speed of
a vehicle, a frequency of the brake shoe, and a brak-
ing force, in addition to the reference sound informa-
tion or the reference vibration information and is gen-
erated by machine learning by referring to the actual
measurement data of the occurrence state of the
brake squeal.

(Item 24) The railway brake control device according
to item 22 or 23, wherein the learning model is up-
dated when the brake shoe is worn to a preset de-
gree.

(Item 25) The railway brake control device according
to any one of items 20 to 24, wherein

the railway vehicle includes a contact brake and a
regenerative brake, and

the acquirer acquires the sound information or the
vibration information when the contact brake is op-
erated and the regenerative brake is not operated.
(Item 26) The railway brake control device according
to any one of items 20 to 25, wherein the acquirer is
attachedto a portion supported through a spring from
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a bogie frame of the bogie.

(Item 27) The railway brake control device according
to any one of items 20 to 26, wherein the determiner
is provided on the bogie frame of the bogie or an
outside of the bogie.

(Item 28) A railway vehicle bogie, comprising:

an acquirer structured to acquire sound informa-
tion on sound or vibration information on vibra-
tion in a railway vehicle bogie when a brake shoe
in a bogie is pressed against a braking member
to generate a braking force;

a determiner structured to determine an occur-
rence state of a brake squeal of the brake shoe
or the braking member based on the sound in-
formation or the vibration information acquired
by the acquirer; and

a brake controller structured to change the brak-
ing force to reduce the brake squeal when the
determiner determines that the brake squeal oc-
curs.

(Item 29) A railway vehicle, comprising:

a bogie;

an acquirer structured to be attached to the bo-
gie and acquire sound information on sound or
vibration information on vibration in the bogie
when a brake shoe in the bogie is pressed
against a braking member to generate a braking
force;

a determiner structured to determine an occur-
rence state of a brake squeal of the brake shoe
or the braking member based on the sound in-
formation or the vibration information acquired
by the acquirer; and

a brake controller structured to change the brak-
ing force to reduce the brake squeal when the
determiner determines that the brake squeal oc-
curs.

(Item 30) A railway condition monitoring device,
wherein a brake squeal of a brake shoe or a braking
member is detected based on sound information on
sound or vibration information on vibration in a rail-
way vehicle bogie when the brake shoe in the bogie
is pressed against the braking member to generate
a braking force.

(Item 31) Arailway condition monitoring device, com-
prising: an acquirer structured to acquire inclination
information on an inclination of an axle of a railway
vehicle bogie on a track; and a determiner structured
to determine a wheel state related to a worn state of
a wheel or a track state related to an unequal state
of the track on both sides in a width direction based
on the inclination information acquired by the acquir-
er.

(Item 32) The railway condition monitoring device
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according to item 31, wherein the determiner deter-
mines the wheel state or the track state by referring
to another inclination information on an inclination of
an axle different from the axle of the vehicle.

(Item 33) The railway condition monitoring device
according to item 31, wherein the determiner deter-
mines the wheel state or the track state by referring
to inclination information on another point acquired
at another point of the track.

(Item 34) The railway condition monitoring device
according to item 31, wherein the determiner deter-
mines the wheel state or the track state by referring
to pastinclination information previously acquired for
the same point of the track.

(Item 35) The railway condition monitoring device
according to item 31, wherein the determiner deter-
mines the wheel state or the track state by referring
toinclination information of another vehicle acquired
by a preceding vehicle or a following vehicle with
respect to the same point of the track.

(Item 36) The railway condition monitoring device
according to item 31, wherein the determiner deter-
mines the wheel state or the track state by referring
to inclination information for comparison acquired at
a point for comparison of the track or another track.
(Item 37) The railway condition monitoring device
according to any one of items 31 to 36, wherein the
determiner determines the wheel state or the track
state by referring to vibration information acquired
by a sensor attached to a portion supported on a
bogie frame of the bogie or through a spring from
the bogie frame.

(Item 38) A railway vehicle bogie, comprising:

an acquirer structured to acquire inclination in-
formation on an inclination of an axle of a bogie;
and

a determiner structured to determine a wheel
state related to a wear of a wheel or a track state
related to an unequal state of a track on both
sidesinawidth direction based on the inclination
information acquired by the acquirer.

(Item 39) A railway vehicle, comprising:

a bogie;

an acquirer structured to be attached to the bo-
gie and acquire inclination information on an in-
clination of an axle of the bogie; and

a determiner structured to determine a wheel
state related to a wear of a wheel or a track state
related to an unequal state of a track on both
sidesina width direction based on the inclination
information acquired by the acquirer.

(Item 40) A railway condition monitoring device, com-
prising:
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an acquirer structured to acquire vibration infor-
mation on vibration or image information on an
image of the track in a bogie of a vehicle at the
time of traveling on a track; and

a determiner structured to determine a track
state related to the state of the track by referring
to another vibration information or another im-
age information acquired at another time for the
same point of the track based on the vibration
information or the image information acquired
by the acquirer.

(Item 41) The railway condition monitoring device
according to item 40, wherein when it is evaluated
that there is abnormality in the track state for the
same point based on the vibration information or the
image information, and when it is evaluated that
there is abnormality in the track state based on the
other vibration information or the other image infor-
mation, the determiner determines that there is track
abnormality at the point.

(Item 42) The railway condition monitoring device
according to item 41, further comprising a notifier
structured to notify a determination result of the de-
terminer to an outside of the bogie when the deter-
miner determines that there is the track abnormality.
(Item 43) The railway condition monitoring device
according to any one of items 40 to 42, wherein the
vibration information or the image information is ac-
quired by a vibration sensor or an image sensor pro-
vided on the bogie.

(Item 44) The railway condition monitoring device
according to item 43, wherein the other vibration in-
formation or the other image information is acquired
by the vibration sensor or the image sensor provided
on another bogie of another vehicle of a train to which
the vehicle belongs.

(Item 45) The railway condition monitoring device
according to item 43 or 44, wherein the acquirer is
attached to a portion supported on the bogie frame
of the bogie or through the spring from the bogie
frame, and

the determiner is attached to the bogie frame.
(Item 46) A railway vehicle bogie, comprising:

an acquirer structured to acquire vibration infor-
mation on vibration or image information on a
track in a bogie at the time of traveling on the
track; and

a determiner structured to determine a track
state related to the state of the track by referring
to another vibration information or another im-
age information acquired at another time for the
same point of the track based on the vibration
information or the image information acquired
by the acquirer.

(Item 47) A railway vehicle, comprising:
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a bogie structured to travel on a track of a rail-
way;

an acquirer structured to be attached to the bo-
gie and acquire vibration information on vibra-
tion or image information on the track in the bo-
gie at the time of traveling on a track; and

a determiner structured to determine a track
state related to the state of the track by referring
to another vibration information or another im-
age information acquired at another time for the
same point of the track based on the vibration
information or the image information acquired
by the acquirer.

(Item 48) A railway condition monitoring device, com-
prising:

an acquirer structured to acquire tread surface
information on a surface texture of a tread sur-
face in a railway vehicle bogie having a contact
brake that generates a braking force by pressing
a brake shoe against the tread surface and a
regenerative brake; and

a determiner structured to determine a smooth
state of the tread surface based on the tread
surface information acquired by the acquirer.

(Item 49) A brake control device, comprising:

an acquirer structured to acquire tread surface
information on a surface texture of a tread sur-
face in a railway vehicle bogie having a contact
brake generating a braking force by pressing a
brake shoe against the tread surface and a re-
generative brake;

a determiner structured to determine a smooth
state of the tread surface based on the tread
surface information acquired by the acquirer;
and

a brake controller structured to change a braking
force or an operation timing of the contact brake
based on the smooth state determined by the
determiner.

(Item 50) The brake control device according to item
49, wherein the brake controller increases the brak-
ing force of the contact brake when the smooth state
determined by the determineris smootherthana pre-
set reference.

(Item 51) The brake control device according to item
50, wherein the brake controller increases the brak-
ing force of the contact brake to reduce the braking
force of the contact brake when the smooth state
becomes less smooth than the reference.

(Item 52) The brake control device according to any
one of items 49 to 51, wherein the acquirer provides,
as the tread surface information, a detection result
of an optical sensor detecting reflected light from the
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tread surface or animaging result of animage sensor
imaging the tread surface.

(Item 53) The brake control device according to any
one of items 49 to 52, wherein the brake controller
changes the braking force or the operation timing of
the contact brake by referring to a speed of the ve-
hicle.

(Item 54) A railway vehicle bogie, comprising:

a contact brake structured to generate a braking
force by pressing a brake shoe against a tread
surface and a regenerative brake; and

an acquirer structured to acquire tread surface
information on a surface texture of the tread sur-
face.

(Item 55) A railway vehicle, comprising:

a bogie structured to travel on a track of a rail-
way;

a contact brake structured to generate a braking
force by pressing a brake shoe against a tread
surface and a regenerative brake;

an acquirer structured to be attached to the bo-
gie and acquire tread surface information on a
surface texture of the tread surface;

a determiner structured to determine a smooth
state of the tread surface based on the tread
surface information acquired by the acquirer;
and

abrake controller structured to change a braking
force or an operation timing of the contact brake
based on the smooth state determined by the
determiner.

(Item 56) A railway condition monitoring device, com-
prising:

an acquirer structured to acquire track informa-
tion on a wear of a track on which a railway ve-
hicle travels; and

a transmitter structured to transmit the track in-
formation acquired by the acquirer.

(Item 57) The railway condition monitoring device
according to item 56, wherein the acquirer includes
an image sensor attached to a head of the vehicle
or a bogie of the vehicle.

(Item 58) The railway condition monitoring device
according to item 56, wherein the acquirer includes
a strain sensor acquiring stain information on a strain
of the track.

(Item 59) A brake control device, comprising:

an information acquirer structured to acquire
track information on a wear of a track on which
a railway vehicle having a contact brake that
generates a braking force by pressing a brake
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shoe against the tread surface and a regenera-
tive brake travels and position information on a
position of the vehicle; and

a brake controller structured to determine a
braking start position of the contact brake based
on the track information and the position infor-
mation acquired by the information acquirer.

(Item 60) A railway vehicle bogie, comprising:

an acquirer structured to acquire track informa-
tion on a wear of a track on which a railway ve-
hicle travels; and

a transmitter structured to transmit the track in-
formation acquired by the acquirer to an outside
of the acquirer.

(Item 61) A railway vehicle, comprising:

a contact brake structured to generate a braking
force by pressing a brake shoe against a tread
surface;

a regenerative brake;

an information acquirer structured to acquire
track information on a wear of a track on which
a vehicle travels; and

a brake controller structured to determine a
braking start position of the contact brake based
on position information on a position of the ve-
hicle and the track information acquired by the
information acquirer.

(Item 62) A railway condition monitoring device, com-
prising:

an acquirer structured to acquire distance infor-
mation on a distance between a railway vehicle
bogie on a track and the track; and

a determiner structured to determine a weight
of the vehicle based on the distance information
acquired by the acquirer.

(Item 63) The railway condition monitoring device
according to item 62, wherein the acquirer is at-
tached to a bogie frame of the bogie and includes a
plurality of distance sensors each measuring a dis-
tance to the track on both sides in a width direction.
(Item 64) The railway condition monitoring device
according toitem 63, wherein the plurality of distance
sensors measure the distance to the track ata central
position between a front wheel and a rear wheel of
the bogie.

(Item 65) The railway condition monitoring device
according to any one of items 62 to 64, further com-
prising:

atransmitter structured to transmit the determination
result of the determiner to the outside of the bogie.
(Item 66) A brake control device, comprising:
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an acquirer structured to acquire distance infor-
mation on a distance between a railway vehicle
bogie on a track and the track;

a determiner structured to determine a weight
of the vehicle based on the distance information
acquired by the acquirer; and

abrake controller structured to change a braking
force or an operating timing of a brake of the
vehicle based on the determination result of the
determiner.

(Item 67) A railway vehicle bogie, comprising:

an acquirer structured to acquire distance infor-
mation on a distance to a traveling track; and
a transmitter structured to transmit the distance
information acquired by the acquirer to an out-
side of the acquirer.

(Item 68) A railway vehicle, comprising:

a bogie structured to travel on a track of a rail-
way;

an acquirer structured to acquire distance infor-
mation on a distance between the bogie and the
track; and

a determiner structured to determine a weight
of the vehicle based on the distance information
acquired by the acquirer.

(Item 69) A railway condition monitoring device, com-
prising:

an acquirer structured to acquire distance infor-
mation on a distance between a railway vehicle
bogie on a track and the track; and

a determiner structured to determine a shape
change amount of a wheel of the bogie based
on the distance information acquired by the ac-
quirer and preset reference distance informa-
tion.

(Item 70) The railway condition monitoring device
according to item 69, wherein the acquirer includes
afirst distance sensor and a second distance sensor
that are attached to a bogie frame of the bogie, ar-
ranged spaced apart from each other on both sides
in a width direction, and each measure a distance to
the track.

(Item 71) The railway condition monitoring device
according to item 70, wherein the first distance sen-
sor and the second distance sensor include a plu-
rality of sensor units that are arranged spaced apart
from each other in a front-back direction between
front and rear wheels of the bogie and measure the
distance to the track.

(Item 72) The railway condition monitoring device
according to any one of items 69 to 71, further com-
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prising: a transmitter structured to transmit the de-
termination result of the determiner to the outside of
the bogie.

(Item 73) A brake control device, comprising:

an acquirer structured to acquire distance infor-
mation on a distance between a railway vehicle
bogie on a track and the track;

a determiner structured to determine a shape
change amount of a wheel of the bogie based
on the distance information acquired by the ac-
quirer and preset reference distance informa-
tion; and

a brake controller structured to change a braking
force or an operating timing of a brake of the
vehicle based on the determination result of the
determiner.

(Item 74) A railway vehicle bogie, comprising:

a wheel;

an acquirer structured to acquire distance infor-
mation on a distance to a track on which the
wheel travels; and

a transmitter structured to transmit the distance
information acquired by the acquirer to an out-
side of the acquirer.

(Item 75) A railway vehicle, comprising:

a bogie structured to include a wheel and travel
on a track of a railway;

an acquirer structured to acquire distance infor-
mation on a distance between the bogie and the
track; and

a determiner structured to determine a shape
change amount of a wheel of the bogie based
on the distance information acquired by the ac-
quirer and preset reference distance informa-
tion.

Claims

A railway condition monitoring device (20), compris-
ing:

an acquirer (30) structured to be attached to a
railway vehicle bogie (10) and acquire state in-
formation on one or more of vibration, velocity,
acceleration, sound, reflected light, an image,
temperature, humidity, and a wheel diameter;
a determiner (44) structured to be attached to
the bogie (10), perform a determination of a state
of a track (8) on which the bogie (10) travels or
a state of the bogie (10) based on the state in-
formation acquired by the acquirer (30), and pro-
vide the determination result;



79 EP 3792 141 A1 80

a transmitter (48) structured to be attached to
the bogie (10) and transmit the determination
result to an outside of the bogie (10); and

a power supplier (70) structured to be attached
to the bogie (10) and supply power to the ac-
quirer (30) and the transmitter (48) .

The railway condition monitoring device (20) accord-
ing to claim 1, further comprising:

a storage (46) structured to temporarily store the in-
formation acquired by the acquirer (30).

The railway condition monitoring device (20) accord-
ing to claim 1 or 2, further comprising:

a position information acquirer (82) structured
to acquire position information on a position of
the railway vehicle (100),

wherein the transmitter (48) transmits the deter-
mination result to the outside of the bogie (10)
when the bogie (10) is at a preset position based
on the position information acquired by the po-
sition information acquirer (82).

The railway condition monitoring device (20) accord-
ingtoany one ofclaims 1to 3, wherein the transmitter
(48) transmits the determination result to the outside
of the bogie (10) when the determination result sat-
isfies a predetermined condition.

The railway condition monitoring device (20) accord-
ing to any one of claims 1 to 4, wherein the power
supplier (70) includes a generator (70g) attached to
the bogie (10) and a battery (70b) charged by the
generator (70g), and

the transmitter (48) transmits the determination re-
sult to the outside of the bogie (10) when a residual
storage amount of the battery (70b) is greater than
a preset level.

The railway condition monitoring device (20) accord-
ingtoany one ofclaims 1to 5, wherein the transmitter
(48) transmits the determination result to the outside
of the bogie (10) when a communication state with
a communication partner is greater than the preset
level.

The railway condition monitoring device (20) accord-
ingtoany one ofclaims 1to 6, wherein the transmitter
(48) is attached to a bogie frame (12), and the ac-
quirer (30) is attached to an unsprung part (14) sup-
ported through a spring (12j) from the bogie frame
(12).

The railway condition monitoring device (20) accord-
ingtoanyoneofclaims 1to 7, wherein the determiner
(44) makes the determination using a learning model
(M1) generated by using machine learning based on
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state information acquired in advance and the state
of the track (8) or the state of the bogie (10) corre-
sponding to the state information.

The railway condition monitoring device (20) accord-
ing to claim 8, further comprising:

amodel generator (45) structured to be attached
tothe bogie (10) and generate the learning mod-
el (M1),

wherein the model generator (45) updates the
learning model (M1) based on newly acquired
state information and the state of the track (8)
or the state of the bogie (10) corresponding to
the state information.
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