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(54) Maintenance system for rolling stock

(57) A maintenance system for a rolling stock is pro-
vided in which the maintenance system substitutes for
abnormality detection by a maintenance staff which has
been hard in the checking work of the state reference
maintenance, and the countermeasure support when ab-
normality has been found can be also executed by in-
structing the maintenance staff of countermeasure meth-
od when the abnormality has been detected.

The maintenance system for a rolling stock includes

an apparatus state estimating unit (101) for estimating
an estimation value of the state of a vehicular apparatus
based on vehicle information collected from the rolling
stock and displaying check instruction, and a motion con-
firmation instructing unit (102) for determining abnormal-
ity of the vehicular apparatus based on the estimation
value an apparatus inspection value inputted by the
maintenance staff and displaying inspection/adjustment
instruction when abnormality has occurred.
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Description

Technical Field

 [0001] The present invention relates to a maintenance
system for a rolling stock.

Background

 [0002] In order to improve the maintenance efficiency
of a rolling stock, introduction of state reference mainte-
nance has progressed in which a vehicle state is esti-
mated from vehicle information (sensor values, control
command values) and maintenance is executed based
on the estimated vehicle state.
 [0003] For example, in Japanese Unexamined Patent
Application Publication No. H9 (1997) -243518 (Patent
Literature 1), a fatigue monitoring device of a vehicular
axle has been disclosed which includes a filtering means
for extracting data larger than the fatigue limit from the
measurements of the stress of the axle of the vehicle
during traveling by a sensor, a calculating means for in-
putting the extracted data for a predetermined period to
accumulate and add the stress amplitude values extract-
ed at respective inputs, a data base for storing the oc-
currence probability data of the fatigue damage gener-
ated in the case of past traveling relating to the axle of
the same type and the occurrence probability data of the
fatigue damage of the stress amplitude value cumulative
value operated until the fatigue damage occurs, and an
evaluating means for subtracting the cumulative value of
the stress amplitude value calculated from the cumulative
value of the amplitude values for giving  the lower limit
value of the occurrence probability of the fatigue damage
impossible to be allowed on the occurrence probability
data of the fatigue damage to evaluate the no fatigue
allowance at the axle if the subtracted value is zero or a
negative value (refer to the abstract).
 [0004] Also, in Japanese Unexamined Patent Appli-
cation Publication No. 2007-118887 (Patent Literature
2), a vehicle check support device has been disclosed
which includes a check start instruction means for in-
structing the start of the predetermined check in a vehicle,
a check content storage means for storing the check con-
tents and the checking method for apparatuses or sen-
sors and the like which are objects to be checked mount-
ed on the vehicle, a checking method guide means for
guiding the check contents and the checking method for
the objects to be checked to a user based on the instruc-
tion and the stored content, a check result display means
for displaying the results of the checks performed by the
user, and a check result confirmation means for confirm-
ing the results of the checks by the user, in which, when
the results of the checks are confirmed by the check result
confirmation means, the checking method guide means
guides the check contents and the checking method for
a next object to be checked to the user (refer to the ab-
stract).

Summary

 [0005] However, when such the state reference main-
tenance as the Patent Literature 1 is introduced, the oc-
casion for periodically checking the vehicle by a mainte-
nance staff as done in the past is eliminated, and there-
fore such the possibility increases that the abnormality
having  been found by the maintenance staff in the peri-
odical check in the past is overlooked.
 [0006] Further, also in the case of executing the check
according to the check instruction of the maintenance
system and determining normality and abnormality as
described in the Patent Literature2, the maintenance staff
does not observe the status change of the apparatus as
done in the conventional periodical check in the state
reference maintenance, therefore it is hard for the main-
tenance staff to find a minute change of the vehicular
apparatus and to determine abnormality or normality, and
the abnormality is highly liable to be overlooked.
 [0007] An object of the present invention is to provide
a maintenance system for a rolling stock in which the
maintenance system substitutes for abnormality detec-
tion by a maintenance staff which has been hard in the
checking work of the state reference maintenance, and
the countermeasure support when abnormality has been
found can be executed by instructing the maintenance
staff of the countermeasure method when the abnormal-
ity has been detected.
 [0008] In order to address the present problems, ac-
cording to the present invention, the maintenance system
for a rolling stock includes
an apparatus state estimating means for estimating an
estimation value of the state of a vehicular apparatus
based on vehicle information collected from the rolling
stock and displaying check instruction, and
a motion confirmation instructing means for determining
abnormality of the vehicular apparatus based on the es-
timation value and an apparatus inspection value input-
ted by a maintenance staff and displaying inspection/ad-
justment instruction when abnormality has  occurred.
 [0009] According to the present invention, because
the maintenance system substitutes for abnormality de-
tection by the maintenance staff and observation of the
state change of the apparatus by the maintenance staff
is eliminated, the possibility that the maintenance staff
overlooks the abnormality of the minute change of the
vehicular apparatus reduces, and the countermeasure
support when the abnormality has been found can also
be executed. The problems, constitutions and effects oth-
er than those described will be clarified by the detailed
description below.

Brief Description of the Drawings

 [0010]

Fig. 1 is a block diagram showing the outline of the
present invention.
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Fig. 2 is a flow chart showing the outline of the
present invention.
Fig. 3 is an example of the time chart of the apparatus
state estimation value of the present invention.
Fig. 4 is a drawing explaining an application example
of the present invention to a rolling stock.
Fig. 5 is an example of a screen for a maintenance
staff of the first embodiment.
Fig. 6 is an example of the countermeasure flow chart
of the first embodiment.
Fig. 7 is an example of a screen for a maintenance
staff of the second embodiment.
Fig. 8 is an example of the countermeasure flow chart
of the second  embodiment.
Fig. 9 is another example of a screen for a mainte-
nance staff of the second embodiment.
Fig. 10 is another example of the countermeasure
flow chart of the second embodiment.
Fig. 11 is an example of a screen for a maintenance
staff of the third embodiment.
Fig. 12 is an example of the countermeasure flow
chart of the third embodiment.
Fig. 13 is an example of a screen for the maintenance
staff of the fourth embodiment.
Fig. 14 is an example of the countermeasure flow
chart of the fourth embodiment.
Fig. 15 is an example of a screen for a maintenance
staff of the fifth embodiment.
Fig. 16 is an example of the countermeasure flow
chart of the fifth embodiment.

Detailed Description

 [0011] It is preferable that a maintenance system for
a rolling stock of an embodiment of the present invention
includes an apparatus state estimating unit for calculating
an estimation value of a state of a plurality of vehicular
apparatuses based on vehicle information received from
an on-vehicle control device of the rolling stock collecting
vehicle information that controls the plurality of vehicular
apparatuses formed of on-vehicle apparatus or vehicle
control apparatus  mounted on a plurality of vehicles and
displaying check instruction for the vehicular apparatus
the estimation value of which has exceeded a predeter-
mined threshold value, and a motion confirmation in-
structing unit for determining abnormality of the vehicular
apparatus based on the estimation value and an appa-
ratus inspection value inputted by a maintenance staff
having inspected the vehicular apparatus, determining
whether a comparison value of the estimation value and
the apparatus inspection value is out of a predetermined
range or not, and displaying inspection/adjustment in-
struction with reason that abnormality has occurred when
the comparison value is out of the predetermined range.
 [0012] Also, according to an embodiment of the
present invention, it is preferable that the motion confir-
mation instructing unit displays the inspection/adjust-
ment instruction when abnormality has occurred so that

the apparatus inspection value comes closer to the esti-
mation value.
 [0013] It is preferable that a maintenance system for
a rolling stock of an embodiment of the present invention
includes an apparatus state estimating means for esti-
mating a sand consumption amount from accumulation
of sanding commands for a sanding device, and display-
ing check instruction for the sanding device when the
estimation value has exceeded a predetermined value.
 [0014] Also, it is preferable to include a motion confir-
mation instructing means for displaying inspection/ad-
justment instruction for the sanding device when a com-
parison value of an inspection value of an amount of sand
replenished in checking the sand and an estimation value
of a sand  consumption amount estimated by the appa-
ratus state estimating means exceeds a predetermined
range.
 [0015] It is preferable that a maintenance system for
a rolling stock of an embodiment of the present invention
includes an apparatus state estimating means for esti-
mating a reserved water use amount from accumulation
of toilet flushing commands and displaying check instruc-
tion for reserved water of the toilet when the estimation
value exceeds a predetermined value.
 [0016] Also, it is preferable to include a motion confir-
mation instructing means for displaying inspection/ad-
justment instruction for the toilet when a comparison val-
ue of an inspection value of a reserved water replenished
amount in checking the reserved water and an estimation
value of a reserved water use amount estimated by the
apparatus state estimating means exceeds a predeter-
mined range.
 [0017] It is preferable that a maintenance system for
a rolling stock of an embodiment of the present invention
includes an apparatus state estimating means for esti-
mating a sewage accumulated amount from accumula-
tion of toilet flushing commands and displaying check
instruction for sewage of the toilet when the estimation
value exceeds a predetermined value.
 [0018] Also, it is preferable to include a motion confir-
mation instructing means for displaying inspection/ad-
justment instruction for the toilet when a comparison val-
ue of an inspection value of a sewage extraction amount
in sewage checking and an estimation value of a sewage
accumulated amount estimated by the apparatus state
estimating means exceeds a predetermined range.
[0019] It is preferable that a maintenance system for a
rolling stock of an embodiment of the present invention
includes an apparatus state estimating means for esti-
mating a wear thickness of a brake pad from accumula-
tion of brake control commands and displaying check
instruction for the brake pad when the estimation value
exceeds a predetermined value.
 [0020] Also, it is preferable to include a motion confir-
mation instructing means for displaying inspection/ad-
justment instruction for the brake when a comparison val-
ue of an inspection value of the checking result of the
brake pad wear thickness and the estimation value of the
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brake pad wear thickness estimated by the apparatus
state estimating means exceeds a predetermined range.
 [0021] It is preferable that a maintenance system for
a rolling stock of an embodiment of the present invention
includes an apparatus state estimating means for esti-
mating a wear amount of a third rail shoe based on ac-
cumulation of lowering control commands for the third
rail shoe and displaying check instruction for a third rail
when the estimation value exceeds a predetermined val-
ue.
 [0022] Also, it is preferable to include a motion confir-
mation instructing means for displaying inspection/ad-
justment instruction for a third rail device when a com-
parison value of an inspection value of the checking result
of the wear amount of the third rail and an estimation
value of the third rail wear amount estimated by the ap-
paratus state estimating means exceeds a predeter-
mined range.
 [0023] It is preferable that a maintenance system for
a rolling stock of an embodiment of the present invention
includes an apparatus state  estimating means for esti-
mating a wear amount of a pantograph based on accu-
mulation of lifting control command time for the panto-
graph, and displaying check instruction for the panto-
graph when the estimation value exceeds a predeter-
mined value.
 [0024] Also, it is preferable to include a motion confir-
mation instructing means.for displaying inspection/ad-
justment instruction for a pantograph device when a com-
parison value of an inspection value of the checking result
of the wear amount of the pantograph and an estimation
value of the pantograph wear amount estimated by the
apparatus state estimating means exceeds a predeter-
mined range.
 [0025] Below, the embodiments of the present inven-
tion will be described referring to the drawings.
 [0026] Fig. 1 is a block diagram showing the outline
of the present invention. An apparatus state estimating
unit 101 of a maintenance system 100 for a rolling stock
calculates an estimation value of an apparatus state
(consumption amount/wear amount) that becomes an
object based on vehicle information received from a ve-
hicle. When the estimation value exceeds a predeter-
mined value, an e-mail instructing the apparatus check
is transmitted to a maintenance staff, or the check in-
struction is displayed on a screen so that the mainte-
nance staff checks the object apparatus. Also, when the
maintenance staff checks the object apparatus and in-
puts inspection values of the consumption amount and
the wear amount of the object apparatus to the mainte-
nance system, a motion confirmation instructing unit 102
compares the estimation value and the inspection value.
When this comparison amount is larger than a predeter-
mined range, it is determined that abnormality has  oc-
curred in the object apparatus, and inspection/adjust-
ment instruction is displayed so that the inspection value
comes closer to a predetermined value. That is, accord-
ing to the present invention, by using the estimated in-

formation of the vehicular apparatus for not only display-
ing the check instruction but also for abnormality detec-
tion, detection of abnormality of the object apparatus
which is liable to be overlooked by the maintenance staff
by the state reference maintenance and the counter-
measure (inspection/adjustment) can be achieved.
 [0027] Fig. 2 is a flow chart showing the outline of the
present invention. In step S201, the estimation value of
the vehicle information (for example accumulation of the
control commands, the detail thereof will be described
below in the examples) is calculated, and the consump-
tion amount and the wear amount of the object vehicular
apparatus are estimated. In step S202, whether the es-
timation value is larger than a predetermined value or
not is determined. When the estimation value is not larger
than the predetermined value, the process returns to step
S201, and calculation of the estimation value is contin-
ued. When the estimation value is larger than the prede-
termined value in step S202, the process proceeds to
step S203, and the check instruction of the object appa-
ratus is displayed.
 [0028] This check instruction display is executed until
the maintenance staff inputs the apparatus inspection
value in step S204. When the inspection value is inputted
in step S204, whether the comparison value of the ap-
paratus inspection value and the estimation value is out
of the predetermined range or not is determined in step
S205, and, when  it is out of the predetermined range,
the effect that abnormality has occurred in the apparatus
is notified in step S206, and the instruction of disposal of
the abnormality is displayed on the screen of the main-
tenance system. In step S207, by resetting the estimation
value, the process returns to step S201, and calculation
of the estimation value until the next inspection time is
restarted. After the restart, the check instruction display
of step S203 and the abnormality disposal procedure dis-
play of step S207 are repeated in a similar manner, and
the process is carried on so that the estimation values
comes closer to the inspection value.
 [0029] Fig. 3 shows a time chart of the estimation val-
ue. When the estimation value exceeds a predetermined
check reference value, the check instruction is issued.
At the time of normality of Fig. 3-1, the estimation value
is reset at a time point the inspection value is inputted.
 [0030] Also, at the time of abnormality shown in Fig.
3-2, although the process is same until the check instruc-
tion is issued when the estimation value exceeds the
check reference value, it is different that the estimation
value is reset after the abnormality disposal instruction
is displayed. The reason of doing so is for the purpose
of displaying the abnormality disposal instruction based
on the comparison value of the estimation value and the
inspection value, and both of the inspection value and
the estimation value are necessary for displaying the ab-
normality disposal instruction.
 [0031] Fig. 4 is a drawing explaining an application
example of the present invention to a rolling stock. In the
rolling stock 400, a plurality  of vehicles 401 are connect-
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ed. Each vehicle 401 is provided with on-vehicle appa-
ratuses 406 such as a sanding device 402, an on-vehicle
toilet 403, a brake control unit 404, a pantograph 405 and
the like or a vehicle control apparatus 407. The vehicular
apparatuses formed of the on-vehicle apparatuses 406
or the vehicle control apparatus 407 are connected to
each other by an on-vehicle network 411, and each ve-
hicular apparatus is controlled by a control signal from
an on-vehicle control device 410.
 [0032] The on-vehicle control device 410 collects ve-
hicle information including control signals for respective
vehicular apparatuses or motion signals for respective
vehicular apparatuses via the on-vehicle network 411,
and transmits them to a ground control device 420 for
the rolling stock by an on-vehicle antenna 412 for exam-
ple. The vehicle information transmitted from the on-ve-
hicle antenna 412 of the on-vehicle control device 410 is
received by a ground antenna 421 of the ground control
device 420, and is stored in a storage unit 423 via a trans-
mission/reception unit 422.
 [0033] The storage unit 423 is provided with functions
of the apparatus state estimating unit 101 of the mainte-
nance system 100 for a rolling stock and the motion con-
firmation instructing unit 102, executes processing ac-
cording to a procedure shown in Fig. 2, displays required
check instruction of an apparatus on a display terminal
425, and displays required inspection/adjustment in-
struction for the apparatus responding input of the appa-
ratus inspection value by a maintenance staff by control
of a CPU 424.

First Embodiment

[0034] The first embodiment of the present invention
will be described using Fig. 5 and Fig. 6. The present
example shows a case of applying the present invention
to the state reference maintenance of a sanding device
for a rolling stock.
 [0035] Fig. 5 is an example of a screen produced to a
maintenance staff when the present invention is applied.
Fig. 5-1 is an example of the check instruction screen
displayed when the consumption amount of the injected
sand is estimated from accumulation of the sanding con-
trol command value in the flow chart described in Fig. 2
and the estimation value exceeds the check reference
value in the time chart shown in Fig. 3.
 [0036] The maintenance staff confirms a method for
replenishing sand for the sanding device by selecting a
button at the left bottom of the present screen, and pro-
ceeds to an inspection value input screen shown in Fig.
5-2 by selecting an inspection value input button after
completion of the replenishing work. In the inspection
value input screen, the amount of the sand replenished
by the maintenance staff is inputted as an inspection val-
ue.
 [0037] Here, in the maintenance system, the inspec-
tion value inputted by the maintenance staff and the es-
timation value estimated by accumulation of the sanding

injection command value are compared to each other,
and abnormality of the sanding device is determined. Fig.
5-3 shows a case the comparison value of the estimation
value and the inspection value is out of a predetermined
range, and, when an inspection procedure button at the
left bottom is selected, the inspection procedure is dis-
played according to a flow chart described below.
[0038] Fig. 6 shows an example of the flow chart when
the sanding device is determined to be abnormal. In step
S601, whether the code of the difference of the inspection
value and the estimation value (comparison value) is pos-
itive or not is determined. The process proceeds to step
S602 when the code is positive, and the process pro-
ceeds to step S605 when the code is not positive. The
fact that the comparison value is positive here means
that the consumption amount of the sand is more than
that of the time of normality, and, in step S602, in order
to investigate the cause of it, the instruction of checking
abnormality such as a hole, crack and the like in a tank
for storing the sand is displayed first.
 [0039] Next, whether the tank is abnormal or not is
inputted to the system in step S603. When abnormality
of the tank is inputted to the maintenance system, the
process further proceeds to step S604, a tank repair pro-
cedure is displayed, and the abnormality disposal finish-
es. Next, step S605 shows a case abnormality is not
found in the tank. Here, a method for checking whether
the sand injection amount of the sanding device is more
or less compared to a stipulated value based on the com-
parison value is displayed.
 [0040] When abnormality of injection is inputted to the
maintenance system in step S606, the process proceeds
to step S607, and a means for adjusting the injection
amount to the stipulated value is displayed. When ab-
normality is not detected even in step S606, abnormality
of an inspection apparatus or a mistake in inputting the
inspection value is doubted, and therefore a procedure
for confirming them is displayed in step S608.
[0041] In the present invention, notification is given by
e-mail or on the screen to replenish the sand when the
remaining amount of the sand of the sanding device is
estimated from accumulation of the sand injection com-
mand value and the estimation value of the sand con-
sumption amount becomes larger than a predetermined
value (for example 80% of the total tank volume). Also,
by inputting the sand replenishing amount replenished
then to the maintenance system as the inspection value,
abnormality of the sanding device is automatically de-
tected by the maintenance system. In addition, by dis-
playing’ the inspection procedure depending on the com-
parison value of the estimation value and the inspection
value, the maintenance work can be executed efficiently
even when the maintenance staff is not accustomed to
the maintenance work of the sanding device.

Second Embodiment

 [0042] The second embodiment of the present inven-
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tion will be described using Fig. 7 to Fig. 10. The present
example shows a case of applying the present invention
to the state reference maintenance of a toilet for a rolling
stock.
 [0043] Fig. 7 is an example of a screen produced to
the maintenance staff when the present invention is ap-
plied. Fig. 8-1 is an example of the check instruction
screen displayed when the consumption amount of the
water utilized is estimated from accumulation of the flush-
ing control command value in the flow chart of Fig. 2 and
the estimation value exceeds the check reference value
in the time chart shown in Fig. 3. The maintenance staff
confirms a method for replenishing the water for the flush
toilet by pressing a button at the left bottom of the present
screen, and proceeds to an inspection value input screen
shown in Fig. 7-2 by pressing an inspection value input
button after completion of the replenishing work.
 [0044] In the inspection value input screen, the amount
of the water replenished by the maintenance staff is in-
putted as an inspection value. Here, in the maintenance
system, the inspection value inputted by the maintenance
staff and the estimation value estimated from accumula-
tion of the flushing control command value are compared
to each other, and abnormality of the flush toilet is deter-
mined. Fig. 7-3 shows a case the comparison value of
the estimation value and the inspection value is out of a
predetermined range, and, when an inspection proce-
dure button at the left bottom is pressed, the inspection
procedure is displayed according to a flow chart de-
scribed below.
 [0045] Fig. 8 shows an example of the flow chart when
the flush toilet is determined to be abnormal. In step
S801, whether the code of the difference of the inspection
value and the estimation value (comparison value) is pos-
itive or not is determined. The process proceeds to step
S802 when the code is positive, and the process pro-
ceeds to step S805 when the code is not positive. The
effect that the comparison value is positive here means
that the consumption amount of the water is more than
that of the time of normality, and, in step S802, in order
to investigate the cause of it, the instruction of checking
abnormality such as a hole, crack and the like in a tank
for storing the water is displayed first.
 [0046] Next, when abnormality of the tank is inputted
to the maintenance system in step S803, the process
proceeds to step S804, a tank repair  procedure is dis-
played, and the abnormality disposal finishes. Next, step
S805 shows a case abnormality is not found in the tank.
Here, a method for checking whether the flushing amount
per one time is more or less compared to a stipulated
value based on the comparison value is displayed.
 [0047] In step S806, when abnormality of the flushing
amount is found, abnormality of flushing is inputted to
the maintenance system, and a means for adjusting the
flushing amount to the stipulated value is displayed is
step S807. When abnormality is not detected even in
step S806, abnormality of an inspection apparatus or a
mistake in inputting the inspection value is doubted, and

therefore a procedure for confirming them is displayed
in step S808.
 [0048] In the present invention, the check instruction
is issued to replenish the water when the remaining
amount of the water of the flush toilet is estimated from
accumulation of the flushing command value and the es-
timation value of the water consumption amount be-
comes larger than a predetermined value (for example
80% of the total tank volume). In addition, by inputting
the water replenishing amount replenished then to the
system as an inspection value, abnormality of the flush
toilet is automatically detected by the system, and, by
displaying the inspection procedure depending on the
comparison value of the estimation value and the inspec-
tion value, the maintenance work can be executed effi-
ciently even when the maintenance staff is not accus-
tomed to the maintenance work of the flush toilet.
 [0049] Fig. 9 is another example of a screen produced
to the maintenance staff when the present invention is
applied. Fig. 9-1 is an example  of a warning screen dis-
played when the consumption amount of the water uti-
lized is estimated from accumulation of the flushing com-
mand value in the flow chart of Fig. 2 and the estimation
value exceeds the check reference value in the time chart
of Fig. 3. The maintenance staff confirms a method for
extracting the sewage of the flush toilet by pressing a
button at the left bottom of the present screen, and pro-
ceeds to an inspection value input screen shown in Fig.
9-2 by selecting an inspection value input button after
completion of the extracting work.
 [0050] In the inspection value input screen, the main-
tenance staff inputs the amount of the extracted water
as an inspection value. Here, in the maintenance system,
the inspection value inputted by the maintenance staff
and the estimation value estimated from accumulation
of the flushing command value are compared to each
other, and abnormality of the flush toilet is determined.
Fig. 9-3 shows a case the comparison value of the esti-
mation value and the inspection value is out of a prede-
termined range, and, when an inspection procedure but-
ton at the left bottom is pressed, the inspection procedure
is displayed according to a flow chart described below.
 [0051] Fig. 10 shows another example of the flow chart
when the flush toilet is determined to be abnormal. In
step S1001, whether the code of the difference of the
inspection value and the estimation value (comparison
value) is positive or not is determined. The process pro-
ceeds to step S1002 when the code is positive, and the
process proceeds to step S1005 when the code is not
positive. The effect that the comparison value is positive
here means that the accumulated amount of the sewage
is more than that of the time of normality, and, in step
S1002, in order to investigate the cause of it, the instruc-
tion of checking abnormality such as a hole, crack and
the like in a tank for storing the sewage is displayed.
 [0052] Next, when abnormality of the tank is inputted
to the maintenance system in step S1003, the process
proceeds to step S1004, a tank repair procedure is dis-
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played, and the abnormality disposal finishes. Step
S1005 shows a case abnormality is not found in the tank,
and, here, a method for checking whether the flushing
amount per one time is more or less compared to a stip-
ulated value is displayed.
 [0053] When abnormality of the flushing amount is
found, abnormality of flushing is inputted to the mainte-
nance system in step 51006, and an adjustment proce-
dure for adjusting the flushing amount to a stipulated val-
ue is displayed in step S1007. When abnormality is not
detected even in step S1006, abnormality of an inspec-
tion apparatus or a mistake in inputting the inspection
value is doubted, and therefore a procedure for confirm-
ing them is displayed in step S1008.
 [0054] In the present invention, the check instruction
is issued to extract the sewage when the sewage amount
of the flush toilet is estimated from accumulation of the
flushing command value and the estimation value of the
sewage amount becomes larger than a predetermined
value (for example 80% of the total tank volume), the
sewage amount extracted then is inputted to the system
as an inspection value, thereby abnormality of the flush
toilet is automatically detected by the system, and, by
displaying the inspection procedure depending on the
comparison value of the estimation value and the inspec-
tion value, the maintenance work can be executed effi-
ciently even  when the maintenance staff is not accus-
tomed to the maintenance work of the flush toilet.

Third Embodiment

 [0055] The third embodiment of the present invention
will be described using Fig. 11 and Fig. 12. The present
example shows a case of applying the present invention
to the state reference maintenance of a brake for a rolling
stock.
 [0056] Fig. 11 is an example of a screen produced to
the maintenance staff when the present invention is ap-
plied. Fig. 11-1 is a check instruction screen displayed
when the brake wear amount is estimated from accumu-
lation of the brake control command value in the flow
chart described in Fig. 2 and the estimation value ex-
ceeds the check reference value in the time chart of Fig. 3.
 [0057] The maintenance staff confirms a method for
replacing a brake pad by pressing a button at the left
bottom of the present screen, and proceeds to an inspec-
tion value input screen shown in Fig. 11-2 by selecting
an inspection value input button after completion of the
replacement work. In the inspection value input screen,
the wear amount of the brake pad replaced by the main-
tenance staff is inputted as an inspection value. In the
maintenance system, the inspection value inputted by
the maintenance staff and the estimation value estimated
from accumulation of the brake command value are com-
pared to each other, and abnormality of the brake is de-
termined.
 [0058] Fig. 11-3 shows a case the comparison value
of the estimation value and the inspection value is out of

a predetermined range, and, when an inspection proce-
dure button at the left bottom is pressed, the  inspection
procedure is displayed according to a flow chart de-
scribed below. Also, in Fig. 11-2, the remaining thickness
may be inputted instead of the wear amount of the brake
pad, and the wear amount may be calculated from the
thickness when the brake pad is new and the inputted
remaining thickness on the maintenance system.
 [0059] Fig. 12 shows an example of the flow chart
when the brake is determined to be abnormal. In step
S1201, whether the code of the difference of the inspec-
tion value and the estimation value (comparison value)
is negative or not is determined. The process proceeds
to step S1202 when the code is negative, and the process
proceeds to step S1105 when the code is not negative.
The effect that the comparison value is negative here
means that the wear amount of the brake is less than
that at the time of normality, and, in step S1202, in order
to investigate the cause of it, the instruction of checking
whether the brake stroke is abnormal or not (whether the
stroke is short or not) is displayed.
 [0060] Next, whether the brake stroke is abnormal or
not is inputted to the system is step S1203. When abnor-
mality of the stroke is inputted, a procedure for adjusting
the brake stroke is displayed in step S1204, and the ab-
normality disposal finishes. Next, step S1205 shows a
case abnormality is not found in the brake stroke. Here,
a method for checking whether the brake pressure is
more or less compared to a stipulated value based on
the code of the comparison value is displayed. More spe-
cifically, the pressure is excessively high when the com-
parison value is positive, the pressure is excessively low
when the comparison value is negative, and the means
for inspecting and adjusting them is displayed.
[0061] In step S1206, when abnormality of the brake
pressure is inputted to the maintenance system, a means
for adjusting the brake pressure to a stipulated value is
displayed in step S1207. When abnormality is not detect-
ed even in step S1206, abnormality of an inspection ap-
paratus or a mistake in inputting the inspection value is
doubted, and therefore a procedure for confirming them
is displayed in step S1208.
 [0062] In the present invention, the check instruction
is issued to replace the brake pad when the wear amount
of the brake pad is estimated from accumulation of the
brake command value and the estimation value of the
brake use amount becomes larger than a predetermined
value. Also, by inputting the wear amount of the brake
pad replaced then to the system as an inspection value,
abnormality of the brake is automatically detected by the
system, and, by displaying the inspection procedure de-
pending on the comparison value of the estimation value
and the inspection value, the maintenance work can be
executed efficiently even when the maintenance staff is
not accustomed to the maintenance of the brake.
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Fourth Embodiment

 [0063] The fourth embodiment of the present invention
will be described using Fig. 13 and Fig. 14. The present
example shows a case of applying the present invention
to the state reference maintenance of a brake for a rolling
stock.
 [0064] Fig. 13 is an example of a screen produced to
the maintenance staff when the present invention is ap-
plied. Fig. 13-1 is a check instruction screen displayed
when the third rail wear amount is estimated from accu-
mulation of the third rail shoe control command value in
the flow  chart described in Fig. 2 and the estimation
value exceeds the check reference value in the time chart
shown in Fig. 3.
 [0065] The maintenance staff confirms a method for
replacing a third rail shoe by pressing a button at the left
bottom of the present screen, and proceeds to an inspec-
tion value input screen shown in Fig. 13-2 by pressing
an inspection value input button after completion of the
replacement work. In the inspection value input screen,
the wear amount of the third rail shoe replaced by the
maintenance staff is inputted as an inspection value.
 [0066] In the maintenance system, the inspection val-
ue inputted by the maintenance staff and the estimation
value estimated from accumulation of the third rail shoe
control command value are compared to each other, and
abnormality of the third rail is determined. Fig. 13-3 shows
a case the comparison value of the estimation value and
the inspection value is out of a predetermined range, and,
when an inspection procedure button at the left bottom
is pressed, the inspection procedure is displayed accord-
ing to a flow chart described below.
 [0067] Fig. 14 shows an example of a flow chart when
the third rail.is determined to be abnormal. In step S1401,
whether the code of the difference of the inspection value
and the estimation value (comparison value) is negative
or not is determined. The process proceeds to step
S1305 when the code is negative, and the process pro-
ceeds to step S1402 when the code is not negative. The
effect that the comparison value is negative here means
that the wear amount of the third rail is less than that at
the time of normality, and, in step S1402, in order to in-
vestigate the cause of it, the instruction of checking
whether the  stroke of the third rail control is abnormal or
not (whether the stroke is short or not) is displayed.
 [0068] When abnormality of the stroke of the third rail
control is inputted to the maintenance system is step
S1403, a procedure for adjusting the third rail stroke is
displayed in step S1404, and the abnormality disposal
finishes.. Step S1405 shows a case abnormality is not
found in the stroke of the third rail control. Here, a method
for checking whether the third rail pressure is more or
less compared to a stipulated value based on the code
of the comparison value is displayed.
 [0069] More specifically, the pressure is excessively
high when the comparison value is positive, the pressure
is excessively low when the comparison value is nega-

tive, and the means for inspecting and adjusting them is
displayed. When abnormality of the third rail pressure
has been found in step S1406, if the abnormality of the
third rail pressure is inputted to the maintenance system,
a means for adjusting the third rail pressure to a stipulated
value is displayed in step S1407. When abnormality is
not detected even in step S1306, abnormality of an in-
spection apparatus or a mistake in inputting the inspec-
tion value is doubted, and therefore a procedure for con-
firming them is displayed in step S1408.
 [0070] In the present invention, the check instruction
is issued to replace the third rail shoe when the wear
amount of the third rail shoe is estimated from accumu-
lation of the third rail control command value and the
estimation value of the third rail shoe wear amount be-
comes larger than a predetermined value. In addition, by
inputting the wear amount of the third rail shoe replaced
then to the system as an inspection  value, abnormality
of the third rail is automatically detected by the system,
and, by displaying the inspection procedure depending
on the comparison value of the estimation value and the
inspection value, the maintenance work can be executed
efficiently even when the maintenance staff is not accus-
tomed to the maintenance of the third rail.

Fifth Embodiment

 [0071] The fifth embodiment of the present invention
will be described using Fig. 15 and Fig. 16. The present
example shows a case of applying the present invention
to the state reference maintenance of a pantograph for
a rolling stock.
 [0072] Fig. 15 is an example of a screen produced to
the maintenance staff when the present invention is ap-
plied. Fig. 15-1 is a warning screen displayed when the
pantograph shoe wear amount is estimated from accu-
mulation of the pantograph control command value in the
flow chart described in Fig. 2 and the estimation value
exceeds the alarm reference value in the time chart of
Fig. 3.
 [0073] The maintenance staff confirms a method for
replacing a pantograph shoe by pressing a button at the
left bottom of the present screen, and proceeds to an
inspection value input screen shown in Fig. 15-2 by se-
lecting an inspection value input button after completion
of the replacement work. In the inspection value input
screen, the wear amount of the pantograph shoe re-
placed by the maintenance staff is inputted as an inspec-
tion value.
 [0074] In the maintenance system, the inspection val-
ue inputted by the maintenance staff and the estimation
value estimated from accumulation of the pantograph
command value are compared to each other, and  ab-
normality of the pantograph is determined. Fig. 15-3
shows a case the comparison value of the estimation
value and the inspection value is out of a predetermined
range, and, when an inspection procedure button at the
left bottom is pressed, the inspection procedure is dis-
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played according to a flow chart described below.
 [0075] Fig. 16 shows an example of a flow chart when
the pantograph is determined to be abnormal. In step
S1601, whether the code of the difference of the inspec-
tion value and the estimation value (comparison value)
is negative or not is determined. The process proceeds
to step S1605 when the code is negative, and the process
proceeds to step S1602 when the code is not negative.
The effect that the comparison value is negative here
means that the wear amount of the pantograph is less
than that at the time of normality, and, in step S1602, in
order to investigate the cause of it, the instruction of
checking whether the pantograph stroke is abnormal or
not (whether the stroke is short or not) is displayed.
 [0076] Next, when abnormality of the pantograph
stroke is inputted is step S1603, a procedure for adjusting
the pantograph stroke is displayed in step S1604, and
the abnormality disposal finishes. Next, step S1605
shows a case abnormality is not found in the pantograph
stroke. Here, a method for checking whether the pressing
pressure for the pantograph is more or less compared to
a stipulated value based on the code of the comparison
value is displayed.
 [0077] More specifically, the pressure is excessively
high when the comparison value is positive, the pressure
is excessively low when the comparison value is nega-
tive, and the means for inspecting and adjusting  them
is displayed. In step S1606, when the effect that the pan-
tograph pressure is abnormal is inputted to the mainte-
nance system, a means for adjusting the pressing pres-
sure of the pantograph to a stipulated value is displayed
in step S1607. When abnormality is not detected even
in step S1606, abnormality of an inspection apparatus or
a mistake in inputting the inspection value is doubted,
and therefore a procedure for confirming them is dis-
played in step S1608.
 [0078] In the present invention, the check instruction
is issued to replace the pantograph shoe when the wear
amount of the pantograph shoe is estimated from accu-
mulation of the pantograph control command value and
the estimation value of the pantograph shoe wear amount
becomes larger than a predetermined value. In addition,
by inputting the wear amount of the pantograph shoe
replaced then to the system as an inspection value, ab-
normality of the pantograph is automatically detected by
the maintenance system, and, by displaying the inspec-
tion procedure depending on the comparison value of
the estimation value and the inspection value, the main-
tenance work can be executed efficiently even when the
maintenance staff is not accustomed to the maintenance
of the pantograph.
 [0079] Also, the present invention is not limited to the
examples described above, and various alterations are
included therein. For example, the examples described
above were described in detail in order to describe the
present invention so as to be understood easily, and the
present invention is not necessarily limited to those in-
cluding all of the constitutions described.

 [0080] Further, it is possible to replace a part of a con-
stitution of  a certain example with a constitution of an-
other example, and it is also possible to add a constitution
of another example to a constitution of a certain example.
Furthermore, with respect to a part of a constitution of
each example, it is possible to add and replace other
constitutions.
 [0081] Also, respective constitutions, functions,
processing units, processing procedures and the like de-
scribed above may be achieved by hardware by design-
ing and the like of a part or all of them with an integrated
circuit for example. Further, respective constitutions,
functions and the like described above may be achieved
by software by that a processor interprets and executes
programs that achieve respective functions. Information
such as a program, table, file and the like achieving re-
spective functions can be placed in a storage device or
a storage medium.
 [0082] Further, with respect to the control line and the
information line, those considered to be necessary for
explanation have been shown, and all of the control lines
and the information lines included in products have not
necessarily been shown. In fact, it is generally considered
that almost all constitutions are connected to each other.

Claims

1. A maintenance system for a rolling stock, compris-
ing:

an apparatus state estimating unit for calculating
an estimation value of a state of a vehicular ap-
paratus based on vehicle information collected
from the rolling stock, and displaying check in-
struction; and
a motion confirmation instructing unit for deter-
mining abnormality of the vehicular apparatus
based on the estimation value and an apparatus
inspection value inputted by a maintenance
staff, and displaying inspection/adjustment in-
struction when abnormality has occurred.

2. The maintenance system for a rolling stock accord-
ing to claim 1, wherein
the apparatus state estimating unit calculates an es-
timation value of a state of the plurality of the vehic-
ular apparatuses based on the vehicle information
received from an on-vehicle control device of a rolling
stock collecting the vehicle information that controls
the plurality of vehicular apparatuses mounted on
the plurality of the rolling stock, and displays check
instruction for the vehicular apparatus the estimation
value of which has exceeded a predetermined
threshold value; and
the motion confirmation instructing unit determines
whether a comparison value of the estimation value
and an apparatus inspection value inputted by a
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maintenance staff having inspected the vehicular ap-
paratus is out of a predetermined range or not, and
displays inspection/adjustment instruction when the
comparison value is out of  the predetermined range.

3. The maintenance system for a rolling stock accord-
ing to claim 1 or claim 2, wherein
the motion confirmation instructing unit displays the
inspection/adjustment instruction when abnormality
has occurred so that the apparatus inspection value
comes closer to the estimation value.

4. The maintenance system for a rolling stock accord-
ing to claim 1 or claim 2 further comprising:

an apparatus state estimating means for esti-
mating a sand consumption amount from accu-
mulation of sanding commands for a sanding
device, and displaying check instruction for the
sanding device when the estimation value has
exceeded a predetermined value.

5. The maintenance system for a rolling stock accord-
ing to claim 4 further comprising:

a motion confirmation instructing means for dis-
playing inspection/adjustment instruction for the
sanding device when a comparison value of an
inspection value of an amount of sand replen-
ished in checking the sand and an estimation
value of a sand consumption amount estimated
by the apparatus state estimating means ex-
ceeds a predetermined range.

6. The maintenance system for a rolling stock accord-
ing to claim 1  or claim 2 further comprising:

an apparatus state estimating means for esti-
mating a reserved water use amount from ac-
cumulation of toilet flushing commands, and dis-
playing check instruction for reserved water of
a toilet when the estimation value exceeds a pre-
determined value.

7. The maintenance system for a rolling stock accord-
ing to claim 6 further comprising:

a motion confirmation instructing means for dis-
playing inspection/adjustment instruction for the
toilet when a comparison value of an inspection
value of a reserved water replenished amount
in checking the reserved water and an estima-
tion value of a reserved water use amount esti-
mated by the apparatus state estimating means
exceeds a predetermined range.

8. The maintenance system for a rolling stock accord-
ing to claim 1 or claim 2 further comprising:

an apparatus state estimating means for esti-
mating a sewage accumulated amount from ac-
cumulation of toilet flushing commands and dis-
playing check instruction for sewage of the toilet
when the estimation value exceeds a predeter-
mined value.

9. The maintenance system for a rolling stock accord-
ing to claim 8 further comprising:

a motion confirmation instructing means for dis-
playing inspection/adjustment instruction for the
toilet when a comparison  value of an inspection
value of a sewage extraction amount in sewage
checking and an estimation value of a sewage
accumulated amount estimated by the appara-
tus state estimating means exceeds a predeter-
mined range.

10. The maintenance system for a rolling stock accord-
ing to claim 1 or claim 2 further comprising:

an apparatus state estimating means for esti-
mating a wear thickness of a brake pad from
accumulation of brake control commands, and
displaying check instruction for the brake pad
when the estimation value exceeds a predeter-
mined value.

11. The maintenance system for a rolling stock accord-
ing to claim 10 further comprising:

a motion confirmation instructing means for dis-
playing inspection/adjustment instruction for a
brake when a comparison value of an inspection
value of the checking result of the brake pad
wear thickness and an estimation value of the
brake pad wear thickness estimated by the ap-
paratus state estimating means exceeds a pre-
determined range.

12. The maintenance system for a rolling stock accord-
ing to claim 1 or claim 2 further comprising:

an apparatus state estimating means for esti-
mating a wear amount of a third rail shoe based
on accumulation of lowering control commands
for the third rail shoe, and displaying check in-
struction for a third  rail when the estimation val-
ue exceeds a predetermined value.

13. The maintenance system for a rolling stock accord-
ing to claim 12 further comprising:

a motion confirmation instructing means for dis-
playing inspection/adjustment instruction for a
third rail device when a comparison value of an
inspection value of the checking result of the
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wear amount of the third rail and an estimation
value of the third rail wear amount estimated by
the apparatus state estimating means exceeds
a predetermined range.

14. The maintenance system for a rolling stock accord-
ing to claim 1 or claim 2 further comprising:

an apparatus state estimating means for esti-
mating a wear amount of a pantograph based
on accumulation of lifting command time for the
pantograph, and displaying check instruction for
the pantograph when the estimation value ex-
ceeds a predetermined value.

15. The maintenance system for a rolling stock accord-
ing to claim 14 further comprising:

a motion confirmation instructing means for dis-
playing inspection/adjustment instruction for a
pantograph device when a comparison value of
an inspection value of the checking result of the
wear amount of the pantograph and an estima-
tion value of the pantograph wear amount esti-
mated by the apparatus state estimating means
exceeds a predetermined range.
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