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(54) State monitoring apparatus and state monitoring method of railway car, and railway car

(57) The invention provides a state monitoring appa-
ratus and a state monitoring method of a railway car, and
a railway car capable of detecting or sensing a defect
prior to the occurrence of a serious defect without having
to set up thresholds corresponding to various traveling
speed patterns. The railway car comprises a vibration
detector for detecting a vibration of the railway car, and
a defect detection system for detecting defect of the rail-
way car using a signal output from the vibration detector,
wherein the vibration detector includes a vibration detec-
tion means for detecting the vibration of the railway car

from a vibration acceleration of the car body, and the
defect detection system includes a filtering means for
detecting two or more different frequency band compo-
nents based on the car body vibration acceleration from
the vibration detection means, an amplitude ratio com-
puting means for computing an amplitude ratio of two or
more car body vibration accelerations detected via the
filtering means, and a defect determination processing
means for determining defect based on the result of the
amplitude ratio computing means.
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Description

BACKGROUND OF THE INVENTION

Field of the invention

[0001] The present invention relates to a state moni-
toring apparatus and a state monitoring method of a rail-
way car for monitoring a defective state of a railway car
traveling on tracks, especially the defect of tracks and
cars, and a railway car.

Description of the related art

[0002] The prior art state monitoring apparatus (defect
detection system) of a railway car teaches detecting a
vibration acceleration in a perpendicular direction via a
sensor disposed on a floor of a car body above a spring
device of the car, detecting a maximum value of the ab-
solute value within a predetermined frequency range of
the detected vibration acceleration, comparing the max-
imum value with threshold limit values (hereinafter ab-
breviated as threshold) stored in response to respective
traveling speed patterns, wherein when the maximum
value of the absolute value of the vibration acceleration
in the perpendicular direction within the frequency range
exceeds a threshold limit value corresponding to the
traveling speed detected during driving of the car, it is
determined that the railway car has derailed (refer for
example to patent document 1; WO 00/09379).
[0003] However, the disclosed prior art is aimed at de-
tecting derailing of the railway car, and it does not con-
sider detecting any defect of the car prior to detecting
derailing. Further, according to the prior art, the threshold
values corresponding to the traveling speeds are values
obtained by driving the cars in the respective tracks ac-
cording to respective driving patterns. In other words, the
railway car must be driven along predetermined tracks
while changing the traveling speed thereof to acquire the
threshold limit values of the perpendicular acceleration
(threshold) determined for each of the predetermined
speeds as thresholds for detecting derailing, which re-
quires time, and the storage means for storing the thresh-
olds must have a large capacity, and the system becomes
complex since traveling speed is required for selecting
the threshold. A predetermined threshold refers to a de-
fect detection reference value for determining the state
of the railway car, that is, the defect of the railway car.

SUMMARY OF THE INVENTION

[0004] In consideration of the problems of the prior art
mentioned above, the present invention aims at solving
the problems of the prior art by providing a state moni-
toring apparatus and a state monitoring method of a rail-
way car capable of detecting any defect to be set before
a serious defect occurs, without requiring thresholds for
respective traveling speed patterns, and a railway car.

[0005] In order to achieve the above object, the present
invention provides a railway car comprising a vibration
detector for detecting a vibration of the railway car, and
a defect detection system for detecting defect of the rail-
way car using a signal output from the vibration detector,
wherein the vibration detector includes a vibration detec-
tion means for detecting the vibration of the railway car
from a vibration acceleration of the car body, and the
defect detection system includes a filtering means for
detecting two different frequency band components
based on the car body vibration acceleration from the
vibration detectionmeans, an amplitude ratio computing-
means for computing an amplitude ratio of two or more
car body vibration accelerations detected via the filtering
means, and a defect determination processing means
for determining defect based on the result of the ampli-
tude ratio computing means.
[0006] Further, the railway car characterizes in that the
amplitude ratio computing means of the defect detection
system comprises a window filer for extracting a fixed
amount of acceleration signals from the car body vibra-
tion acceleration, and a computing section for computing
an RMS (root mean square) value of the car body accel-
eration signals extracted via the window filter or a max-
imum value thereof, wherein the filtering means includes
a bandpass filter.
[0007] Further, the railway car comprises a defect de-
termination processing means for determining whether
the amplitude ratio has exceeded a threshold of a pre-
determined number of times within a predetermined time.
[0008] According further to the railway car, the defect
detection system is equipped with a filtering means for
detecting three or more frequency band components
from the car body vibration acceleration detected via the
vibration detecting means, an amplitude ratio comput-
ingmeans for computing the amplitude ratio from a com-
bination of three or more of said car body accelerations
detected via the filtering means, and a defect determina-
tion means for determining defect from the result of the
amplitude ratio computing means.
[0009] Further, the railway car is equipped with a
traveling speed detector for detecting the traveling
speed, and a filter coefficient conversion unit for auto-
matically setting a cutoff frequency of the filtering means
of the detect detection system using signals detected via
the traveling speed detector.
[0010] According to the present invention, the defect
of the state of a railway car can be monitored accurately
and reliably.
[0011] Further, the monitoring of the defect can be per-
formed without determining thresholds corresponding to
respective traveling speed patterns as according to the
prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

1 2 
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FIG. 1 is a system con figuration diagram of a state
monitoring apparatus of a railway car according to
one preferred embodiment (embodiment 1) of the
present invention;
Fig. 2 is a flow chart of the defect detection/determi-
nation process showing the flow of signal processing
of the defect detection system according to Fig. 1;
Fig. 3 illustrates an example of applying a window
filter to the signal of the state monitoring apparatus
and an example of computing an amplitude ratio of
the RMS value in a railway car according to the
present invention;
Fig. 4 is a view showing a threshold determination
process and a defect determination process accord-
ing to one embodiment of the state monitoring ap-
paratus of a railway car according to the present in-
vention;
Figs. 5 (a) and 5 (b) show the traveling speed of a
car and the time history waveform of a car body lat-
eral vibration acceleration including an impulse vi-
bration when the car passes a branch;
Figs. 6 (a) , 6 (b) and 6 (c) are views showing the
time history waveform of a car body lateral vibration
acceleration including an abnormal vibration caused
by the failure of a bogie component or the like, and
power spectral densities;
Fig. 7 is a view showing the time history waveform
of the car body lateral vibration acceleration includ-
ing an abnormal vibration caused by the failure of a
bogie component or the like being subjected to fil-
tering process, and the RMS values;
Fig. 8 is a view showing an example of application
of the RMS value amplitude ratio to the RMS values
of Fig. 7;
Figs. 9 (a) , 9 (b) and 9 (c) are views showing the
traveling speed of the car, the time history waveform
of a car body lateral vibration acceleration including
an abnormal vibration caused by meandering or the
like, and power spectral densities;
Fig. 10 shows the time history waveform of the car
body lateral vibration acceleration including an ab-
normal vibration caused by meandering or the like
being subjected to filtering process, and the RMS
values;
Fig. 11 shows an example of application of the RMS
value amplitude ratio to the RMS values of Fig. 10;
Fig. 12 shows a threshold determination process and
a defect determination process of a state monitoring
apparatus of a railway car according to yet another
embodiment (embodiment 2) of the present inven-
tion;
Fig. 13 shows an example of application of the RMS
value amplitude ratio to the vibration waveform of
Fig. 12;
Fig. 14 is a system configuration diagram of a state
monitoring apparatus of a railway car showing yet
another embodiment (embodiment 3) of the present
invention;

Fig. 15 is a flow chart of the defect detection/deter-
mination process illustrating the flow of signal
processing of the defect detection system according
to Fig. 14;
Fig. 16 is a view showing a filter application example
corresponding to traveling speed conditions;
Fig. 17 is a system configuration diagram of a state
monitoring apparatus of a railway car showing yet
another embodiment (embodiment 4) of the present
invention;
Fig. 18 is a flow chart of the defect detection/deter-
mination process illustrating the flow of signal
processing of the defect detection system according
to Fig. 17;
Fig. 19 is a view showing an example of applying a
window filter to the signal of the state monitoring ap-
paratus and an example of computing an amplitude
ratio of the RMS value in a railway car shown in Fig.
17;
Fig. 20 is a system configuration diagram of a state
monitoring apparatus of a railway car showing yet
another embodiment (embodiment 5) of the present
invention;
Fig. 21 is a flow chart of the defect detection/deter-
mination process illustrating the flow of signal
processing of the defect detection system according
to Fig. 20;
Figs. 22(a) and 22(b) are views showing an example
of application of filters corresponding to command
signals; and
Fig. 23 is a view showing an example of application
of filters corresponding to command signals, wherein
a normal state and an abnormal state are illustrated.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0013] Now, the preferred embodiments of the present
invention will be described in detail with reference to the
drawings. In the drawings, the components having com-
mon functions are denoted by the same reference num-
bers, and detailed descriptions thereof are omitted.

[Embodiment 1]

[0014] Fig. 1 is a system configuration diagram show-
ing an example of configuration of a state monitoring ap-
paratus of a railway car according to a preferred embod-
iment (embodiment 1) of the present invention.
[0015] In Fig. 1, a car 7 driven on tracks (railway tracks)
1 is composed of a car body 6 and a bogie 5. The car
body 6 is mounted on bogies 5 (only one bogie is shown)
via air springs 4. The bogie 5 is composed of a bogie
frame 3 and wheelsets 2. An axle box 9 as bearing hous-
ing for the wheelset 2 is attached via an axle spring 8 to
the bogie frame 3. The wheelsets 2 are capable of per-
forming rotary motion.
[0016] An acceleration meter can be disposed on the

3 4 
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car body 6, the bogie 5 or other components, but in the
present embodiment, the acceleration meter is disposed
on the car body 6.
[0017] Furthermore, the direction of acceleration can
be in any of the following directions, front and rear (length-
wise) sides in the horizontal direction, left and right (lat-
eral) sides in the horizontal direction, or perpendicular
direction, but in the present embodiment, the accelera-
tion in the left and right (lateral) sides in the horizontal
direction is described.
[0018] The present invention can be equipped with a
filtering section for detecting two or more different fre-
quency band components, but in the present embodi-
ment, the railway car is equipped with a filtering section
for detecting two different frequency band components.
[0019] Moreover, the present invention can be
equipped with a pluralityof vibrationdetectors, but in the
present embodiments, a single vibration detector is dis-
posed.
[0020] A car body acceleration meter 100 is disposed
above a floor surface of the car body 6 of the car 7 for
measuring a lateral vibration acceleration of the car body
6. The car body acceleration meter 100 is equipped with
a car body acceleration detector 11 for detecting a volt-
age 21a of the car body acceleration meter 100. The
voltage 21a of the car body acceleration meter 100 is
detected as a car body lateral vibration acceleration sig-
nal 22a via the car body acceleration detector 11. In other
words, the car body acceleration detector 11 including
the car body acceleration meter 100 constitutes a vibra-
tion detecting means for detecting the vibration of the car
7.
[0021] A defect detection system 20 for detecting the
defect of the car 7 is electrically connected to the car
body acceleration detector 11 and receives a car body
lateral vibration acceleration signal 22a from the car body
acceleration detector 11, based on which the defect of
the car is detected.
[0022] In other words, the system is a defect detection
system for detecting the defect of a railway car based on
the car body lateral vibration acceleration signal including
the vibration information of the car body of the railway
car, wherein the actual example of the system is com-
posed of a filtering section A 12 and a filtering section B
13 connected to the car body acceleration detector 11
and receiving car body lateral vibration acceleration sig-
nals 22a, RMS value computing sections A 14 and B 15
for receiving a car body lateral vibration acceleration sig-
nal 23a and a car body lateral vibration acceleration sig-
nal 24a of varied frequency bands extracted via these
filtering sections, an amplitude ratio computing section
16 for computing the amplitude ratio of an RMS signal
25a and an RMS signal 26a computed via the RMS value
computing sections and outputting an amplitude ratio sig-
nal 27a, a threshold determination section 17 for receiv-
ing the amplitude ratio signal 27a and a threshold signal
30a stored in advance in a threshold storage section 10
to execute a threshold determination process and out-

putting a threshold determination process signal 28a, a
defect determination section 18 for receiving the thresh-
old determination process signal 28a to execute a defect
determination process and outputting a defect determi-
nation process signal 29a, and a determination result out-
put section 19 for receiving the defect determination proc-
ess signal 29a and outputting the determination result.
The defect detection system 20 is disposed on the car
body 6, but the installation position can be any position
as long as the determination result can be confirmed.
When performing processing via the RMS value comput-
ing sections A14 and B15, the car body lateral vibration
acceleration is extracted for a predetermined time via a
window filter (described in detail later) from the signals
having passed through the filtering sections A 12 and B
13.
[0023] Now, the amplitude ratio computing section 16
of the defect detection system 20 constitutes an ampli-
tude ratio computing means for computing an amplitude
ratio between the car body lateral vibration acceleration
signal 23a and the car body lateral vibration acceleration
24a, based on the RMS signal 25a from the RMS value
computing section A14 and the RMS signal 26a from the
RMS value computing section B15. The threshold deter-
mination section 17 constitutes a threshold determination
process means for determining the above-mentioned
amplitude ratio and the threshold signal 30a stored in
advance in the threshold storage section 10 based on
the amplitude ratio signal 27a from the amplitude ratio
computing section 16, and the defect determination sec-
tion 18 and the determination result output section 19
constitutes a defect determination process means for de-
termining defect from the result obtained via the threshold
determination process signal 28a of the threshold deter-
mination section 17 and the defect determination process
signal 29a of the defect determination section 18.
[0024] Regarding the threshold determination process
via the threshold determination section 17, a storage
means is disposed for storing a threshold (described in
detail later) for performing comparison with the amplitude
ratio signal obtained via the amplitude ratio computing
process. Now, the value of RMS (root mean square) is
a square root of an arithmetic average of the squares of
original values, and the calculation process thereof is well
known, so it will not be described in detail.
[0025] Next, with reference to Figs. 2 through 4, the
process flow of the operation of a defect detection system
20 in a state monitoring apparatus of a railway car ac-
cording to one preferred embodiment of the present in-
vention, including a filtering process, an RMS value com-
puting process, an amplitude ratio computing process, a
threshold determination process and a defect determi-
nation process, will be described in detail.
[0026] Fig. 2 is a flow showing the defect detecting/
determining process of the defect detection system 20.
The flow from input of the car body acceleration signal
to the output of the defect detection result will be de-
scribed with reference to the drawing. In Fig. 2, "s" refers

5 6 
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to steps.
[0027] At first, the defect detection system 20 receives
input (s1) of the car body lateral vibration acceleration
signal 22a from the car body acceleration detector 11 in
the filtering sections A 12 and B 13, executes a filtering
process A for extracting a certain frequency bandwidth
A from the signal (s2), executes a filtering process B for
extracting a certain frequency bandwidth B from the sig-
nal (s3), and executes a process for filtering a certain
amount of signal counts using a window filter (s4).
[0028] Next, the defect detection system 20 executes
an RMS value computing process to the car body lateral
vibration acceleration signals 23a and 24a extracted via
the filtering sections 12A and 13A in the RMS computing
sections A14 and B15 (s5). The RMS value is the square
root of an arithmetic average of the squares of original
values from a group of signals as object, which shows
one index of the magnitude of variation.
[0029] Further, the defect detection system 20 exe-
cutes calculation in the amplitude ratio computing section
16 (S6) of the amplitude ratio of the RMS value of the
car body lateral vibration acceleration signal 23a and the
RMS value of the car body lateral vibration acceleration
signal 24a based on the RMS values 25a and 26a of the
car body lateral vibration acceleration signals computed
via the RMS computing sections A14 and B15, and out-
puts an amplitude ratio computing signal 27a.
[0030] Next, the defect detection system 20 executes
a threshold determination process in the threshold de-
termination section 17 for the amplitude ratio signal 27a
based on the amplitude ratio computed in the amplitude
ratio computing section 16 and the threshold determined
in advance (s7) , and outputs a threshold determination
process signal 28a. Now, the predetermined threshold
set in advance refers to a defect determination threshold
set to determine whether the amplitude ratio falls within
a normal range or within a defect range. The actual ex-
amples of which will be described in detail later.
[0031] Finally, the defect detection system 20 deter-
mines whether defect has occurred or not based on the
threshold determination result (threshold determination
process signal 28a) with respect to the amplitude ratio
signal 27a in the defect detection section 18 (s8), and
outputs a defect determination process signal 29a. Then,
the determination result output section 19 outputs a de-
fect determination result based on the defect determina-
tion process signal 29a (s9). The defect determination
result is notified via a means not shown for outputting an
alarm signal indicating the defect determination result to
a device for confirming defect disposed at a location
where the defect can be confirmed within the car 7, that
is, in the driver’s cabin of the car body 6 where the driver
can easily confirm the defect. The notice of defect can
be performed for example by displaying a notice on a
display unit or by outputting an alarm sound via a speaker
disposed on an apparatus.
[0032] Fig. 3 shows an example of application of filter-
ing processing and application of a widow filter to the

aforementioned car body lateral vibration acceleration
signal (waveform) 22a and an example of computing the
amplitude ratio of the RMS value, which corresponds to
processes s2 through s6 of Fig. 2.
[0033] A filter A 42 of the filtering section A 12 and a
filter B 43 of the filtering section B 13 are bandpass filters
each having certain frequency bandwidths for extracting
a car body lateral vibration acceleration A 51 (corre-
sponding to the car body lateral vibration acceleration
signal 23a of Fig. 1) and a car body lateral vibration ac-
celeration B 52 (corresponding to the car body lateral
vibration acceleration signal 24a of Fig. 1) from a car
body lateral vibration acceleration 41 (corresponding to
the car body lateral vibration acceleration signal 22a of
Fig. 1).
[0034] In other words, according to the present em-
bodiment, the filtering section constituting the filtering
means for extracting two varied frequency band compo-
nents from the car body vibration acceleration signal is
composed of at least two filters. These filters are com-
posed of bandpass filters having different frequency band
regions (frequency bandwidths). In the present embodi-
ment, the frequency band uses bandpass filters having
frequency bands with portions thereof overlapped, but is
not restricted thereto. Window filters 50 and 50 are used
in the subsequent stage of bandpass filters A 42 and B
43 of filtering sections A 12 and B 13.
[0035] The window filter 50 has a certain length (time) ,
and within that length, car body lateral vibration acceler-
ation RMS values A 53 and B 54 are computed based
on the car body lateral vibration acceleration signals A
51 and B 52 having certain frequency bandwidths.
[0036] An RMS value amplitude ratio 55 is computed
as a ratio (Y/X) of a car body lateral vibration acceleration
RMS value B 54 (Y, for example) with respect to a car
body lateral vibration acceleration RMS value A 53 (X,
for example). Further, the acceleration signal within the
window filter 50 is varied momentarily, so that the car
body lateral vibration acceleration RMS value A 53, the
car body lateral vibration acceleration RMS value B 54
and the RMS value amplitude ratio 55 are varied momen-
tarily without taking fixed values.
[0037] Here, the RMS value is taken as an example,
but the same process can be applied for computing the
maximum value, wherein if a maximum value of ampli-
tude ratio is to be computed, the maximum value is com-
puted based on the absolute values of car body lateral
vibration acceleration signal A 51 and car body lateral
vibration acceleration signal B 52 to obtain the amplitude
ratio.
[0038] In order to execute the abovementioned calcu-
lation, the system is equipped with a computing section
for computing the RMS value or the maximum value of
the acceleration signal extracted via the window filter.
[0039] Fig. 4 shows an example of a threshold deter-
mination process and a defect determination process
with respect to the RMS value amplitude ratio 55, corre-
sponding to processes s7 through s9 of Fig. 2. In the
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drawing, a determination section 90 compares and de-
termines the magnitude relation of the RMS value am-
plitude ratio 55 (RMS value amplitude ratio: A) and a
given threshold α. For example, the threshold α is com-
puted in advance via a driving test or an analysis result
the amplitude ratio of vibration of a sound car, and the
value is set based on the computed result. This threshold
α is stored in a storage unit 10 composed for example of
a RAM. The storage unit can be composed of a memory
with only a small capacity for storing only the threshold,
and defect can be detected easily since setting of thresh-
old levels corresponding to each driving speed pattern,
which was required in the prior art, is not required. Since
the capacity of the storage means for storing the thresh-
old can be small, defect detection can be performed eas-
ily with high accuracy via a simple system configuration.
[0040] The determination section 90 determines that
there is "no defect" 92 when the RMS value amplitude
ratio 55 is smaller than the predetermined threshold α,
and determines that there is "defect" 91 when the RMS
value amplitude ratio 55 is greater than the predeter-
mined threshold α.
[0041] Fig. 4 takes the RMS value amplitude ratio 55
as an example, but a similar determination process can
be applied using the maximum amplitude ratio. In that
case, a predetermined value must be set as the thresh-
old.
[0042] Next, a defect detection processing method will
be described with reference to Figs. 5 through 11 regard-
ing the defect detection system 20 in a state monitoring
apparatus of a railway car according to one preferred
embodiment of the present invention.
[0043] First, Figs. 5(a) and 5(b) show a general
traveling speed 44 (including the car body acceleration)
and a time history waveform of the car body acceleration
45 (including the vibration waveform/ impulse distur-
bance 4 6 when passing a branched section) , in which
the horizontal axis represents time [S] and the vertical
axis represents traveling speed [km/h] or the horizontal
axis represents time [S] and the vertical axis represents
car body acceleration [m/s2].
[0044] In the drawing, car 7 is accelerated from a
stopped state (0 km/h) to a constant speed section, and
then the car is decelerated from the constant speed sec-
tion to the deceleration section and stopped. At this time,
the car body lateral vibration acceleration 45 of Fig. 5 (b)
depends on the traveling speed 44 of Fig. 5(a). Therefore,
the car body lateral vibration acceleration 45 is gradually
increased during acceleration, takes a vibration level cor-
responding to the traveling speed 44 in the constant
speed section, and is gradually reduced during deceler-
ation. Further, an impulse-like vibration waveform 46 oc-
curs when the car passes a branched section or a junction
(impulse disturbance when passing a branch).
[0045] Now, an example for calculating an amplitude
ratio with respect to a vibration occurring via a defect of
a bogie component or the like will be described with ref-
erence to Figs. 6 through 8.

[0046] Fig. 6 (a), 6 (b) and 6 (c) are waveforms showing
the traveling speed 44’, the car body lateral vibration ac-
celeration 49 and the power spectral densities 60, 63 and
64 thereof.
[0047] The car body lateral vibration acceleration 49
in Fig. 6 (b) assumes that the abnormal vibration caused
in an abnormal vibration occurrence section is the ab-
normal vibration caused by the defect of a bogie compo-
nent or the like. The power spectral densities (hereinafter
abbreviated as PSD) 60, 63 and 64 (refer to Fig. 6c) are
computed at a time interval 60’ of the car body lateral
vibration acceleration 49 including the branched section
and time intervals 63’ and 64’ where abnormal vibration
occurs. The PSD 60 includes a peak that rises instantly
when the car passes a branch, and the PSD 63 includes
a peak caused by the detect of a bogie component or the
like. The overall value of PSD 64 is small since the
traveling speed of the car is small (slow).
[0048] At this time, filters A 42’ and B 43’ applied for
computing the amplitude ratio are described. In order to
capture the peak frequency of PSD 60, the filter A42’
uses a bandpass filter to set up a cutoff frequency fA1
and a cutoff frequency fA2 having a certain frequency
bandwidth from the peak frequency at the center.
[0049] Next, in order to capture the peak frequency of
PSD 63, the filter B 43’ uses a bandpass filter to set up
a cutoff frequency fB1 and a cutoff frequency fB2 having
a frequency bandwith including all the peak frequencies.
[0050] Fig. 7 shows a time history waveform and RMS
values extracted via the filters A 42’ and B 43’. In the
drawing, the car body lateral vibration acceleration 70 is
a time history waveform extracted via the filter A 42’ , and
the RMS values 72 are obtained by applying the RMS
value calculation to the car body lateral vibration accel-
eration 70. Similarly, the car body lateral vibration accel-
eration 71 is a time history waveform extracted via the
filter B 43’, and the RMS values 73 are obtained by ap-
plying the RMS value calculation to the car body lateral
vibration acceleration 71. By applying filters A 42’ and B
43’, the car body lateral vibration acceleration 70 and the
car body lateral vibration acceleration 71 become sub-
stantially equal in the branched section, and the RMS
value 72 and the RMS value 73 also becomes substan-
tially equal. Further, in the abnormal vibration section,
only the vibration components caused via the defect of
a bogie component are extracted in the car body lateral
vibration acceleration 71, and the vibration levels of the
car body lateral vibration acceleration 70 and the car body
lateral vibration acceleration 71 are reduced accompa-
nying the acceleration and deceleration of the car. The
RMS values 72 and 73 are also reduced in the same
manner.
[0051] Fig. 8 shows an example of applying the RMS
value amplitude ratios with respect to the RMS values of
Fig. 7. In the drawing, the amplitude ratios 74 represent
the ratio (Y/X) of the RMS values 73 (Y, for example) with
respect to the RMS values 72 (X, for example). In the
branched section, the RMS values 72 and 73 are sub-
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stantially equal, and the amplitude ratio is not different
from the ratios in the other sections. Further, in the ab-
normal vibration section, the RMS value 73 is calculated
as a greater value than the RMS value 72, so the ampli-
tude ratio 74 is calculated as a high value corresponding
to the ratio of the RMS values 73 and 72. Further, when
the traveling speed is small, the RMS values 73 and 72
are also small, so that the amplitude ratio 74 will not be-
come small and the speed dependency can be eliminat-
ed. At this time, by setting up a threshold 150, for exam-
ple, defect of only the vibration waveform within the ab-
normal vibration section can be detected. In the drawing,
the amplitude ratio 66 has been applied to the car body
lateral acceleration 45 (refer to Fig. 5).
[0052] Next, the example of computing an amplitude
ratio with respect to a meandering vibration occurring at
a certain speed or higher will be described with reference
to Figs. 9 through 11.
[0053] Figs. 9 (a), 9 (b) and 9 (c) show waveforms of
traveling speed 44’, car body lateral vibration accelera-
tion 47 and power spectral densities 60 through 62 there-
of.
[0054] At first, the car body lateral vibration accelera-
tion 47 of Fig. 9 will be described. The abnormal vibration
generated in the abnormal vibration generation section
assumes a meandering vibration waveform that occurs
at a certain speed or higher. The PSD 60, 61 and 62
(refer to Fig. 9c) are calculated from the car body lateral
vibration acceleration 47 at a time interval 60’ including
the branched section, a time interval 61’ of a section
where abnormal vibration occurs, and a time interval 62’
of a section where the car speed is slow, wherein the
PSD 60 has a peak that rises instantly when the car pass-
es a branch, and the PSD 61 has a peak that rises by
the meandering vibration characteristics occurring at a
certain speed or higher. The PSD 62 corresponds to a
section where no abnormal vibration occurs and where
traveling speed is slow, so that the PSD is small.
[0055] At this time, filters A 42’ and B 43’ applied for
computing the amplitude ratio are described. In order to
capture the peak frequency of PSD 60, the filter A42’
uses a bandpass filter to set up a cutoff frequency fA1
and a cutoff frequency fA2 having a certain frequency
bandwidth from the peak frequency set as center. Next,
in order to capture the peak frequency of PSD 61, the
filter B 43’ uses a bandpass filter to set up a cutoff fre-
quency fB1 and a cutoff frequency fB2 having a frequency
bandwith including all the peak frequencies.
[0056] Fig. 10 shows a time history waveform and an
RMS value extracted via the filters A 42’ and B 43’. In
the drawing, the car body lateral vibration acceleration
75 is a time history waveform extracted via the filter A
42’, and the RMS value 77 is obtained by applying the
RMS value calculation to the car body lateral vibration
acceleration 75. Similarly, the car body lateral vibration
acceleration 76 is a time history waveform extracted via
the filter B 43’ , and the RMS value 78 is obtained by
applying the RMS value calculation to the car body lateral

vibration acceleration 76. In the abnormal vibration sec-
tion, only the meandering vibration component is extract-
ed in the car body lateral vibration acceleration 76, and
the same applies for the RMS value 78.
[0057] Fig. 11 shows an example of applying the RMS
value amplitude ratio with respect to the RMS value of
Fig. 9. In the drawing, the amplitude ratios 79 represents
the ratio (Y/X) of the RMS values 78 (Y, for example) with
respect to the RMS values 77 (X, for example). In the
branched section, the RMS values 75 and 76 are sub-
stantially equal, and the amplitude ratio 79 is not different
from the ratios in the other sections. Further, in the ab-
normal vibration section, the RMS value 78 is computed
as a greater value than the RMS value 77, so that the
amplitude ratio 79 is calculated as a high value corre-
sponding to the ratio of the RMS values 77 and 78 . At
this time, by setting up a threshold 150, for example, only
the vibration wave form within the abnormal vibration sec-
tion can be detected as a defect. In the drawing, the am-
plitude ratio 66 has been applied to the car body lateral
acceleration 45.
[0058] According to the above-described embodi-
ment, two car body acceleration amplitude ratios of dif-
ferent frequency bands extracted from a single car body
acceleration are used to execute a threshold determina-
tion process with respect to a predetermined threshold,
according to which the influence of traveling speed de-
pendency can be eliminated, and since there is no need
to set up thresholds corresponding to respective traveling
speed patterns, the capacity of the storage unit for storing
the threshold can be made small and defect can be de-
tected with high accuracy via a simple system configu-
ration.

[Embodiment 2]

[0059] Next, another embodiment (embodiment 2) ac-
cording to the present invention will be described. Fig.
12 shows a flow of the threshold determination process
and the defect determination process of a state monitor-
ing apparatus of a railway car according to embodiment
2 of the present invention, and Fig. 13 shows an appli-
cation example of the threshold determination of embod-
iment 2 of the present invention with respect to the am-
plitude ratio. Embodiment 2 adds a threshold determina-
tion process corresponding to the number of exceedance
of the amplitude ratio in the threshold determination proc-
ess of embodiment 1.
[0060] The present embodiment adds a determination
section 93 in the determination flow to embodiment 1 of
Fig. 4 as shown in Fig. 12. The determination section 93
observes the number of times N in which the RMS value
amplitude ratio 55 exceeding the threshold α 81 of a cer-
tain amplitude ratio in the determination section 90 has
exceeded the threshold α (threshold with respect to the
amplitude ratio level) of the amplitude ratio within a cer-
tain time, and compares the same with a threshold β
(threshold with respect to a number of exceedance of
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level α of the amplitude ratio) of a predetermined number
of exceedance of a threshold. If the number of exceed-
ance N of amplitude ratio with respect to threshold α is
smaller than threshold β showing the predetermined
number of exceedance of the threshold, it is determined
that there is "no defect" 92, and if the number of exceed-
ance N of amplitude ratio with respect to threshold α is
greater than threshold β showing the predetermined
number of exceedance of the threshold, it is determined
that there is "defect" 91. In another example, the deter-
mination section 93 can observe an excess time T of
amplitude ratio with respect to threshold α in which the
RMS value amplitude ratio 55 exceeds the threshold α
of a certain amplitude ratio in the determination section
90, and compares the same with a predetermined thresh-
old ϒ of the threshold excess time. For example, if the
excess time T of the amplitude ratio with respect to
threshold α is smaller than a certain threshold ϒ of thresh-
old excess time, it is determined that there is "no defect",
and if the excess time T of the amplitude ratio with respect
to threshold α is greater than a certain threshold ϒ of a
threshold excess time, it is determined that there is "de-
fect".
[0061] Further, as shown in the application example
of a threshold determination with respect to the amplitude
ratio of Fig. 13, when the RMS value amplitude ratio 80
exceeds a predetermined threshold 81, in section 85 the
number of the RMS value amplitude ratio 83 is greater
than a predetermined threshold (when assuming that the
threshold is 3) within a predetermined time 82 so that it
is determined that there is "defect", and in section 86 the
number 84 of the RMS value amplitude ratio is smaller
than a predetermined value (when assuming that the
threshold is 3) so that it is determined that there is "no
defect".
[0062] According to the present embodiment, by add-
ing a threshold determination process function for deter-
mining whether the values have exceeded the threshold
for a predetermined number of times or greater within
the predetermined time in addition to the threshold de-
termination process with respect to the level of the RMS
value amplitude ratio 55, it becomes possible to improve
the detection accuracy even when the amplitude ratio
has exceeded the threshold instantly due to noise or dis-
turbance, for example.

[Embodiment 3]

[0063] Next, we will describe another embodiment
(embodiment 3) according to the present invention. Fig.
14 corresponds to the system configuration diagram of
the state monitoring apparatus of a railway car according
to embodiment 1 of the present invention, and Fig. 15
corresponds to the defect detection/determination proc-
ess flow of the state monitoring apparatus of a railway
car according to embodiment 1 of the present invention.
Fig. 16 shows the filter application example of embodi-
ment 1 of the present invention, wherein according to

embodiment 3, a car speed information is newly added
and a function for automatically changing a filter coeffi-
cient of filtering of the defect detection system is also
added with respect to embodiment 1.
[0064] As shown in Fig. 14, the present embodiment
has added to embodiment 1 of Fig. 1 in the system con-
figuration a car speed detector 101 for detecting the car
speed via a car information system disposed on the car
on the car 6, and adds to the defect detection system 20
a filter conversion processing section 102 for automati-
cally changing the filter coefficients such as the cutoff
frequencies of the filtering sections A 12 and B 13 based
on the traveling speed signal 110a from the car speed
detector 101.
[0065] In the drawing, the filter conversion processing
section 102 receives input of the traveling speed signal
110a output from the car speed detector 101 disposed
on the car 7 and outputs a filter conversion signal 111a
to the filtering section A 13 and the filtering section B 14.
The filtering section A 13 and the filtering section B 14
applies a bandpass filter using a cutoff frequency as-
signed by the filter conversion signal 111a to the car body
lateral vibration acceleration signal 22a.
[0066] Further, as shown in Fig. 15, with respect to
embodiment 1 shown in Fig. 2, the defect detection/de-
termination process flow executes after input of the car
body lateral vibration acceleration signal 22a from the
car body acceleration detector 11 (s1) a coefficient con-
version process (s2-1) regarding the cutoff frequencies
or the like of the filtering process A 42 and the filtering
process B 43 based on the car traveling speed.
[0067] Further, as shown in Fig. 16, with respect to
embodiment 1 shown in Figs. 9, 10 and 11, when a certain
car speed condition V1 is changed to another car speed
condition V2 and the PSD 121 is changed to PSD 121’
by the influence of the car speed, the bandpass filter 120
is automatically changed to bandpass filter 120’ to cor-
respond to the peak frequencies of the PSD 121 and
PSD121’ . At this time, the frequency band of the band-
pass filter is shifted from fc1 - fc2 to fD1 - fD2, and the
frequency band is not overlapped.
[0068] The present embodiment illustrated an exam-
ple in which the filtering processes A 42 and B 43 are
applied to the car body lateral vibration acceleration, but
the same can be applied to a car body lengthwise accel-
eration or a car body vertical acceleration.
[0069] According to the present embodiment, by add-
ing a filter conversion processing section 102 for auto-
matically changing the filter coefficient such as the cutoff
frequencies of the filtering sections A 12 and B 13 based
on the traveling speed of the car, for example, a filter can
be constantly applied to the vibration component having
its frequency varied due to the wheel rotation frequency,
according to which the detection accuracy can be im-
proved.
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[Embodiment 4]

[0070] Next, yet another embodiment (embodiment 4)
of the present invention will be described. Fig. 17 shows
a system configuration diagram of a state monitoring ap-
paratus of a railway car according to embodiment 4, Fig.
18 shows a defect detection/determination process flow
of the state monitoring apparatus of the railway car ac-
cording to embodiment 4, and Fig. 19 shows the filtering
process, the RMS value computing process and the am-
plitude ratio computing process according to embodi-
ment 4 of the present invention, wherein embodiment 4
adds to embodiment 1 an amplitude ratio computing
process of two vibration accelerations in different direc-
tions (such as the lateral vibration acceleration and the
vertical vibration acceleration).
[0071] As shown in Fig. 17, the present embodiment
adds to the system configuration of embodiment 1 shown
in Fig. 1 a voltage 21a’ , a car body acceleration detector
11’ and a car body vertical vibration acceleration signal
22a’.
[0072] In the drawing, voltages 21a and 21a’ are of
different directions, which are respectively detected in
the car body acceleration detectors 11 and 11’ as a car
body lateral vibration acceleration signal 22a and a car
body vertical vibration acceleration signal 22a’ , for ex-
ample, and the car body lateral vibration acceleration sig-
nal 22a is sent to the filtering section A 12 and the car
body vertical vibration acceleration signal 22a’ is sent to
the filtering section B 13.
[0073] As for the defect detection/determination proc-
ess flow shown in Fig. 18, with respect to embodiment 1
of Fig. 2 after entering the car body lateral vibration ac-
celeration signal 22a and the car body vertical vibration
acceleration 22a’ from the car body acceleration detec-
tors 11 and 11’ (s1-3), a filtering process A 42 is per-
formed to the car body lateral vibration acceleration sig-
nal 22a (s2-3) and a filtering process B 43 is performed
to the car body lateral vibration acceleration signal 22a’
(s3-3).
[0074] Regarding the filtering process, the RMS value
computing process and the amplitude ratio computing
process shown in Fig. 19, with respect to embodiment 1
shown in Fig. 3, the car body lateral vibration acceleration
41 is applied to the filter A 42 by which an RMS value 53
(X, for example) is extracted, and the car body vertical
vibration acceleration 41’ is applied to the filter B 43 by
which an RMS value 54 (Y, for example) is extracted,
according to which the amplitude ratio (Y/X) is calculated.
[0075] Further, if the car body lateral acceleration or
the car body vertical acceleration is influenced by the a
vibration component depending on the car speed, such
as the wheel rotation frequency, the amplitude ratio can
be computed by performing control to automatically
change the cutoff frequency of the bandpass filter in re-
sponse to the change of condition of car speed, for ex-
ample.
[0076] Further according to the present embodiment,

the amplitude ratio was computed for the respective RMS
values of the car body lateral vibration acceleration and
the car body vertical vibration acceleration, but the same
can be computed for the respective RMS values of the
car body lateral vibration acceleration and the car body
lengthwise vibration acceleration, or the car body length-
wise vibration acceleration and the car body vertical vi-
bration acceleration.
[0077] According to the present embodiment, by com-
puting the amplitude ratio regarding the RMS values of
two vibration accelerations whose measurement direc-
tions differ, it becomes possible to detect the balance of
vibration components in different directions and to detect
the defect by determining that the balance is not normal.

[Embodiment 5]

[0078] Next, we will describe another embodiment
(embodiment 5) of the present invention. Fig. 20 is a sys-
tem configuration of a state monitoring apparatus of a
railway car regarding a power supply car 200 equipped
with a facility for obtaining electric power by driving a
power generator 202 via the driving force of an engine
201, wherein embodiment 5 differs from embodiment 3
in that the present embodiment assumes a case in which
the vibration source is on the car, caused by the defect
of the engine 201 or the power generator 202 or other
reasons related to the engine 201 or the power generator
202. The power generator 202 is disposed above the
engine 201. Further, the present embodiment can be ap-
plied not only to the engine and the power generator dis-
posed on the car body but to cases in which the vibration
is caused by car-mounted equipments such as a bogie
motor, a drive unit or a journal bearing.
[0079] The present embodiment illustrates an example
in which the filtering processes A 42 and B 43 are applied
to the car body lateral vibration acceleration, but the
present embodiment can similarly be applied to the car
body lengthwise acceleration or the car body vertical ac-
celeration.
[0080] As shown in Fig. 20, the present embodiment
adds to the system configuration of embodiment 3 shown
in Fig. 14 a power supply car 200 equipped with a facility
for obtaining power by driving a power generator 202 via
the driving force of an engine 201, and provides to the
filter conversion processing section 102 a command sig-
nal 220a from a command unit 203 for controlling the
number of rotations of the engine 201.
[0081] In the drawing, the filter conversion processing
section 102 receives input of a traveling speed signal
110a output from a car speed detector 101 disposed on
the power supply car 200, and outputs a filter conversion
signal 111a to the filtering sections A 13 and B 14. The
filtering sections A 13 and B 14 apply a bandpass filters
using cutoff frequencies assigned by the filter conversion
signal 111a to the car body lateral vibration acceleration
signal 22a.
[0082] Further, in addition to embodiment 1 shown in
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Fig. 2, the defect detection/determination process flow
shown in Fig. 21 executes a coefficient conversion proc-
ess of the filtering process A 42 and the filtering process
B 43 based on a command signal 20a (s2-4) after input
of the car body lateral vibration acceleration signal 22a
from the car body acceleration detector 11 (s1).
[0083] Further, with respect to embodiment 1 shown
in Figs. 9, 10 and 11, the present embodiment illustrates
in Fig. 22 a filter application example in which when a
command signal s1 is changed in a discontinuous man-
ner to command signal s2, even if the PSD 221 is changed
via the command signal to PSD 221’ , the bandpass filter
220 is automatically changed to a bandpass filter 220’ in
response to the peak frequencies of PSD 221 and PSD
221’. Further, the amplitude ratio computes a ratio (Y/X)
of the RMS value of the car body lateral vibration accel-
eration extracted via the bandpass filters 220 and 220’
(Y, for example) to the RMS value of the car body lateral
vibration acceleration extracted via the bandpass filter
222 (X, for example), and thresholds regarding the re-
spective command signals s1 and s2 are selected in ad-
vance, so that switching can be performed to correspond
to the states of command signals s1 and s2. As shown in
Fig. 23, when the PSD is varied from a normal condition
231 to an abnormal condition 232, the amplitude ratio is
increased, so that defect can be detected by comparing
the same with a threshold determined in advance.
[0084] The present embodiment adds a filter conver-
sion processing section 102 capable of automatically
changing the filter coefficient such as the cutoff frequen-
cies of the filtering sections A 12 and B 13 based on the
traveling speed of the car, so that the filter can be con-
stantly applied to a vibration component having its fre-
quencies varied due for example to the wheel rotation
frequency, and thus, the detection accuracy can be im-
proved.
[0085] According to the respective embodiments of the
present invention described above, the meandering vi-
bration of the railway car or the defect of suspensions
such as the air spring or the lateral vibration damper can
be monitored accurately and reliably. Further, the present
embodiments do not require setting of threshold levels
corresponding to various traveling speed patterns as in
the prior art to monitor the defect, so that the system
configuration can be simplified, and the influence of
traveling speed of the car can be eliminated without in-
creasing the storage capacity for storing thresholds.

Claims

1. A railway car having a car body, a bogie frame and
wheelsets, comprising:

a vibration detector for detecting a vibration of
the railway car, and a defect detection system
for detecting a defect of the railway car using a
signal output from the vibration detector,

wherein the vibration detector includes a vibra-
tion detection means for detecting the vibration
of the railway car from a vibration acceleration
of the car body; and
the defect detection system includes a filtering
means for detecting two or more different fre-
quency band components based on the car body
vibration acceleration from the vibration detec-
tionmeans, an amplitude ratio computingmeans
for computing an amplitude ratio of two or more
car body vibration accelerations detected via the
filtering means, and a defect determination
processing means for determining the defect
based on the result of the amplitude ratio com-
puting means.

2. The railway car according to claim 1, wherein the
vibration detector includes a vibration detecting
means for detecting vibration of a bogie frame or a
vibration of an axle box of the car body.

3. The railway car according to claim 1 or claim 2,
wherein the amplitude ratio computing means of the
defect detection system comprises:

a window filer for extracting a fixed amount of
acceleration signals from the car body vibration
acceleration;
a computing section for computing an RMS val-
ue of a time history waveform or a maximum
value thereof based on the acceleration signals
extracted via the window filter; and
an amplitude ratio computing section for com-
puting the amplitude ratio; wherein
the filtering means is a bandpass filter capable
of passing frequency bands of varied ranges.

4. The railway car according to claims 1 through 3,
wherein the defect determination processing means
determines whether the amplitude ratio has exceed-
ed a threshold for a predetermined number of times
within a predetermined time, or the defect determi-
nation processing means determines whether an ex-
cess time of the amplitude ratio having exceeded a
predetermined threshold has exceeded a threshold
of a predetermined time.

5. The railway car according to claims 1 through 4, fur-
ther comprising

a traveling speed detector for detecting a
traveling speed of the railway car, and a filter
coefficient conversion processing system for au-
tomatically setting a cutoff frequency of the fil-
tering means of the defect detection system us-
ing a signal detected form the traveling speed
detector.
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6. A state monitoring method of a railway car having a
car body, a bogie frame and wheelsets for detecting
vibration of the railway car and detecting a defect of
the railway car using the detection signal, the method
comprising:

an amplitude ratio computing step for computing
an amplitude ratio of acceleration having two or
more different frequency band components de-
tected from a single car body vibration acceler-
ation of the railway car;
a threshold determination step for determining
whether the amplitude ratio is greater than a pre-
determined threshold or not; and
a defect determination step for determining the
defect based on the determination result of the
threshold determination step.

7. The state monitoring method according to claim 6,
further comprising

a computing step for computing an RMS value
of a time history waveform or a maximum value
thereof based on acceleration signals extracted
via a window filter for extracting a fixed amount
of acceleration signals from the car body vibra-
tion acceleration; and
a step for setting a cutoff frequency with a fre-
quency bandwidth for capturing a peak frequen-
cy of the acceleration signal extracted via a
bandpass filter of the filtering means.

8. The sate monitoring method of a railway car accord-
ing to claims 6 or 7, further comprising:

a defect determination process computing step
for determining whether the amplitude ratio has
exceeded a threshold for a predetermined
number of times or greater within a predeter-
mined time, or a defect determination process
computing step for determining whether an ex-
cess time of the amplitude ratio having exceed-
ed the threshold has exceeded a threshold of a
predetermined time.

9. The state monitoring method of a railway car accord-
ing to any one of claims 6 through 8, further com-
prising:

a traveling speed detecting step for detecting a
traveling speed of the railway car, and a filter
coefficient conversion step for automatically set-
ting a cutoff frequency of the filtering means of
the defect detection system using a signal de-
tected from the traveling speed detector.
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