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DESCRIPTION
Title of the Invention
DC GROUND FAULT DETECTION SYSTEM AND DC GROUND FAULT
DETECTION METHOD FOR DC ELECTRIC RAILWAY

Technical Field

{0001] The present invention relates to DC electric railway ground
fault detection system and method for detecting a high resistance DC
ground fault accident in a DC electric railway, discriminating an accident
section and removing the ground fault accident with an automatic
interruption of electric path.

Background Art

[0002] In a DC electric railway, one example of a DC ground fault
detection system of earlier technology is explained with reference to FIG.
21. FIG. 21 shows three DC feeding substations 21~23 (S5-A~S5S5-C)
among many DC feeding substations provided at predetermined
intervals. For example, the DC feeding substation 22 (55-B) is
constructed as follows.

[0003] A DC power source 30 converts AC power from an AC power
source not shown in the figure, to DC power with a transformer and a
rectifier, and outputs DC voltage of 750 Vdc, for example. A positive
terminal of the DC power source 30 is connected, through a DC bus 31,
to down and up feeder lines 32D and 32U of a feeder (32), respectively.
A negative terminal of the DC power source 30 is connected to rail(s)
{return line) 37.

[0004] In electric paths or circuits connecting the DC bus 31,
respectively, with the feeder lines 32D and 32U, there are interposed
main contacts 33a~33d of a DC high speed circuit breaker (HSCB) 33

(feeder circuit breaker) and current sensors 34a~34d, respectively.
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There are further provided protection-measurement devices 36a~36d
for performing overcurrent protection calculation by using the sensed
currents of current sensors 34a~34d, respectively.

[0005] Between the rail 37 and an earth (ground) 38, there is
connected a ground fault overvoltage relay 64P (high resistance ground
fault protection relay).

[0006] The DC power outputted from the positive terminal of the DC
power source 30 is supplied, through the DC bus 31 and up and down
feeder lines 32D and 32U, to an unillustrated electric railway car or train
(70) running under the feeder lines.

[0007] The DC feeding substation 21 (55-A) and DC feeding
substation 23 (55-C) are constructed in the same manner.

[0008] In this description, the term “feeder line or feeder” is used to
mean electrical conductor(s) including a feeder of feeder line connected
with a DC bus of each substation, and a trclley line which is connected
with the feeder line through a feeder branch line and which is to be
contacted with a current collector of an electric railway car.

[0009] Moreover, a third rail provided near the running rails, for
current collection and an overhead rigid conductor serving as the trolley
line and the feeder line are also included in the term “feeder line or
feeder”,

[0010] In the thus-constructed DC electric railway system, if a
ground fault trouble or accident (a ground fault resistance Rg) occurs
between the down feeder line 32D and the earth 38 in the feeding
section or interval of the DC feeding substation 22, for example (process
(11)), then the potentiai (V) between the rail 37 and the earth 38
increases (process (12)).

[0011] The ground fault overvoltage relay 64P is operated when the
above-mentioned potential increases to a point higher than or equal to a
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predetermined level (process (13)), and the ground fault overvoltage
relay 64P trips (opens) each of the DC high speed circuit breakers 33 of
the DC feeding substation 22 and the adjacent DC feeding substations
21 and 22 on both sides (process (14)).

[0012] By so doing, this system stops the feeding in the feeding
section of the DC feeding substation 22 (process {15)), and removes the
ground fault accident.

[0013] The ground fault over voltage relay 64P is used for the
detection of a DC ground fault, as described in a following nonpatent
document.

Prior Art Document

NON-Patent Document

[0014] Non-patent Document 1: Latest Technologies of Electric
Railway (Revised Edition), edited by Electric Railway Education and
Investigation Technical Committee, The Institute of Electrical Engineers
of Japan, Corona Publishing CO., Ltd, pp163, March 2012.

Summary of the Invention

[0015] Railway facilities include many feeding substations arranged
in a wide area. In the conventional DC ground fauit detection system
shown in FIG. 21, the ground fault overvoltage relay 64P detects a
ground fault by checking an increase of thé rail potential in the section of
the DC feeding substation 22 in which the ground fault is produced.
Furthermore, the ground fault is detected simultaneously by a plurality
of the other ground fault overvoltage relays 64P outside the accident
section, and hence the feeding operation is stopped in the sections
outside the accident section.

0016} The present invention provides a solution to the
above-mentioned problem, and an object is to provide DC electric

railway ground fault detection system, apparatus and/or method for
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discriminating a ground fault accident section accurately.

[0017] According to a first aspect of the present invention as defined
in Claim 1, a DC ground fault detection system for detecting an DC
ground fault in a DC electric railway to supply DC power to an electric
railway car or train through feeder lines from a plurality of feeding
substations, the DC ground fault detection system comprising:

a voltage limiting means which is provided in each of feeding sections
of the feeding substations, which includes a short-circuit switch
connected between a rail and an earth and arranged to be closed when
a rail-earth voltage between the rail and the earth becomes higher than
or equal to a preset voltage, and which is arranged to collect electric
information including the rail-earth voltage and a passage current
passing through the short-circuit switch after closure of the short-circuit
switch; and

a ground fault discriminating means to discriminate a ground fault
accident from a current magnitude, a conduction time and a conduction
direction of the passage current flowing through the short-circuit switch
by using the electric information collected by each of the voltage limiting
means.

[0018] According to a second aspect of the present invention as
defined in Claim 2, in the DC ground fault detection system of the aspect
1 as defined in Claim 1, each of the voltage limiting means and the
ground fault discriminating means are so arranged that data can be sent
and received therebetween;

the voltage limiting means is configured to deliver the collected
electric information to the ground fault discriminating means, the
ground fault discriminating means is configured to deliver a trip
command to trip a feeder circuit breaker at least in an accident section in
which the ground fault accident is judged to be present, to the voltage
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limiting means, and the voltage limiting means is configured to trip the
feeder circuit breaker of at least the accident section in response to the
trip command.
[0019] According to a third aspect as defined in Claim 3, in the DC
ground fault detection system as defined in the second aspect of Claim 2,
the ground fauit discriminating means is configured to deliver the trip
command to trip the feeder circuit breaker in a feeding section near the
accident section, to the voltage limiting means; and the voltage limiting
means is configured to trip the feeder circuit breaker of the feeding
section near the accident section, in response to the trip command.
[0020] According to a fourth aspect of the present invention as
defined in Claim 4, a DC ground fault detection method for a DC electric
railway to supply DC power to an electric railway car through feeder lines
from a plurality of feeding substations, the DC ground fauit detection
method comprising:

an information collecting step of collecting electric information with a
voltage limiting means which is provided in each of feeding sections of
the feeding substations, and which includes a short-circuit switch
interposed between a rail and an earth and arranged to be closed when
a rail-earth voltage becomes higher than or equal to a preset voltage,
the electric information collected at the information collecting step
including the rail-earth voltage and a passage current passing through
the short-circuit switch after closure of the short-circuit switch; and

a ground fault discriminating step of discriminating a ground fault
accident from a current magnitude, a conduction time and a conduction
direction of the passage current flowing through the short-circuit switch,
with a ground fault discriminating means, using the electric information.
[0021] According to a fifth aspect as defined in Claim 5, in the DC
ground fault detection method accerding to the fourth aspect as defined
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in Claim 4, the DC ground faulit detection method comprises:

an information sending step of sending the electric information
collected by the voltage limiting means, from the voltage limiting means
to the ground fault discriminating means which is connected with each of
the voltage limiting means to enable exchange of data therebetween;

a trip command delivering step of delivering, from the ground fault
discriminating means to the voltage limiting means, a trip command to
trip a feeder circuit breaker at least in an accident section in which a
ground fault accident is judged to be present; and

a tripping step of tripping the feeder circuit breaker of at least the
accident section in response to the trip command with the voltage
limiting means.
[0022] According to a sixth aspect of the present invention as
defined in Claim 6, in the DC ground fault detection method according to
the fourth or fifth aspect as defined in Claim 4 or 5, the ground fault
discriminating step includes an operation of judging the ground fault
accident to be present when the passage current collected by the voltage
limiting means in each of the feeding sections of two adjacent feeding
substations has a current magnitude greater than or equal to a preset
magnitude value and has a conduction time longer than or equal to a
predetermined time length.
[0023] According to a seventh aspect of the present invention as
defined in Claim 7, in the DC ground fault detection method of the fourth
or fifth aspect as defined in Claim 4 or 5, the ground fault discriminating
step includes an operation of judging the ground fault accident to be
present when the passage current collected by the voltage limiting
means in the feeding section of one of the feeding substations has a
current magnitude greater than or equal to a preset magnitude value

and has a conduction time longer than or equal to a predetermined time
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length.

100241 According to an eighth aspect of the present invention as
defined in Claim 8, in the DC ground fault detection method accerding to
one of the fourth to seventh aspects as defined in one of Claims 4 to 7,
in the ground fault discriminating step, the ground fault accident is
judged to be present when the conduction direction of the passage
current of the short circuit switch collected by the voltage limiting means
is from the ground to the rail.

[0025] According to a ninth aspect of the present invention as
defined in Claim 9, in the DC ground fault detection method according to
one of the fourth to eighth aspects as defined in Claims 4 to 8, in the
ground fault discriminating step, the ground fault accident is
discriminated in accordance with conditions in the plurality of the feeding
sections, the conditions in the feeding sections including a
presence/absence condition of an electric car load and an open/closed
condition of the short-circuit switch.

[0026] According to a tenth aspect of the present invention as
defined in Claim 10, in the DC ground fault detection method according
to one of the fourth to ninth aspects as defined in Claims 4 to 9, the DC
ground fault detection method comprises a ground fault discrimination
threshold setting step of determining a threshold for discriminating the
ground fault accident by performing a simulation of the ground fault
accident, taking into consideration, influence of a great moving load of
an electric railway car, with a ground fault discrimination threshold
setting means.

[0027] According to an eleventh aspect of the present invention as
defined in Claim 11, in the DC ground fault detection system according
to the first aspect as defined in Claim 1, the ground fault discriminating

means is configured to calculate a moving average voltage, over a
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predetermined time period, of the rail-earth voltage sensed and
collected by the voitage limiting means, and to judge presence of a
ground fault when the calculated moving average voltage exceeds a
threshold.

[0028] According to an twelfth aspect of the present invention as
defined in Claim 12, in the DC ground fault detection system according
to the eleventh aspect as defined in Claim 11, the threshold is set equal
to a sum of a maximum or greatest moving average voltage at a steady
state and a predetermined tolerance.

[0029] According to a thirteenth aspect of the present invention as
defined in Claim 13, in the DC ground fault detection system according
to the eleventh or twelfth aspect as defined in Claim 11 or 12, the ground
fault discriminating means is configured to discriminate a ground fault
accident section in accordance with a distribution of passage currents
through the short-circuit switches in the feeding sections collected by
the voltage limiting means when a feeding voltage is applied in each of
the feeding sections of the substations in a no-load state.

(1) It is possible to determine a feeding section of a ground fault
accident accurately according to the first through thirteenth aspects of
the present invention as defined tin Claims 1~13.

{2) It is possible to disconnect the current path in the accident
section by tripping the feeder circuit breaker in the discriminated
accident section according to the second and fifth aspects of the present
invention as defined tin Claims 2 and 5.

(3) It is possible to disconnect the current path(s) in nearby
section(s) near the accident section by tripping the feeder circuit
breaker(s) in the nearby feeding section(s) according to the third aspect
of the present invention as defined in Claim 3. 7

(4) It is possible to judge the presence of a ground fault accident
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securely when the ground fault accident occurs at an intermediate
position between two adjacent feeding substations, according to the
sixth aspect of the present invention as defined in Claim 6.

(5) 1t is possible to judge the presence of a ground fault accident
securely when the ground fault accident occurs in the feeding section of
one feeding substation, according to the seventh aspect of the present
invention as defined in Claim 7.

(6) It is possible to prevent misjudgment of a ground fault accident
when the short-circuit switch is closed by an increase of the rail voltage
due to variation of the load of a railway car or the like, according to the
eighth aspect of the present invention as defined in Claim 8.

(7) 1t is possible to discriminate the ground fault accident section
accurately by using proper criteria for discriminating the ground fauit
accident, according to the ninth aspect of the present invention as
defined in Claim 9.

(8) 1t is possible to discriminate the ground fault accident section
more accurately without being affected by a large capacity moving load
of a railway car, according to the tenth aspect of the present invention as
defined in Claim 10.

(9) It is possible to discriminate a high-resistance ground fault
phenomenon without being affected by a large capacity moving load of a
railway car, by using a moving average voltage, according to the
eleventh to thirteenth aspect sof the present invention as defined in
Claims 11~13.

[0030] Generally, a minute or fine ground fault caused by insulation
deterioration and other factors in the DC electric railway facilities is a

phenomenon tending to be latent, without reaching a protective region
of the feeding circuit. By using the moving average voltage method, it

is possible to detect even such a minute ground fault phenomenon which
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is caused by deterioration of the insulator, etc. and which does not reach
the protection region of the feeding circuit.

Brief Description of the Drawings

[0031]

FIG. 1 is a view showing an overall configuration of a DC ground fault
detection system according to a practical example 1 of the present
invention.

FIG. 2 is a view for illustrating main operations of the DC ground
fault detection system according to the practical example 1.

FIG. 3 is a view of a simplified configuration of the DC ground fault
detection system of the practical example 1, to illustrate one example of
a path of current flowing through an electric car load.

FIG. 4 is a view showing the simplified configuration of the ground
fault detection system of the practical example 1, to iliustrate another
example of the path of the current flowing through the electric car load.

FIG. 5 is a view of the simplified configuration of the ground fault
detection system to illustrate one example of the path of the current
flowing through the electric car load and the short-circuit switch of the
voltage limiting device in the practical example 1.

FIG. 6 is a view of the simplified configuration of the ground fault
detection system to illustrate the path of the accident current in the
no-toad state in the practical example 1.

FIG. 7 is a view of the simplified configuration of the ground fault
detection system to illustrate one example of the path of the accident
current in a state of an electric car load in the practical example 1.

FIG. 8 is a view of the simplified configuration of the ground fault
detection system to illustrate another example of the path of the
accident current in the state of an electric car load in the practical

example 1.
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FIG. 9 is a view for illustrating test conditions at the time of
performing a simulation of a ground fault accident in the practical
example 1.

FIG. 10 is a view for showing the result of the ground fault accident
simulation in the practical example 1. Specifically, FIG. 10 shows a
potential increase between the rail and the ground after the start of the
simulation.

FIG. 11 is a view for showing the result of the ground fault accident
simulation in the practical example 1, and specially FIG. 11 shows the
open/closed state of the short circuit switch of the voltage limiting device
in each DC feeding substation.

FIG. 12 is a view for showing the result of the ground fault accident
simulation in the practical example 1, and FIG. 12 shows the waveform
of the ground fault accident current.

FIG. 13 is a view for showing the resuit of the ground fault accident
simulation in the practical example 1, and FIG. 13 shows the waveforms
of the passage currents through the short-circuit switches of the voltage
limiting devices in two adjacent feeding substations.

FIG. 14 is a view for showingthe result of the ground fault accident
simulation in the practical example 1, and FIG. 14 shows an operation of
tripping a feeder circuit breaker in the discriminated ground fault
accident section.

FIG. 15 is a view for showing the result of the ground fault accident
simulation in the practical example 1, and FIG. 15 shows an operation of
tripping the feeder circuit breakers in nearby feeding substations near
the discriminated ground fault accident section.

FIG. 16 is a view showing an overall configuration of a DC ground
fault detection system according to a practical example 2 of the present

invention.
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FIG. 17 is a view for illustrating an example of a caiculation of
calculating @ moving average voltage (5 minutes) in the practical
example 2.

FIG. 18 is a view showing the waveforms of the rail-earth voltage
and the moving average voltage (5 minutes) by a car moving load in the
steady state.

FIG. 19 is a view showing the waveforms of the rail-earth voltage
and the moving average voltage (5 minutes) by a high resistance ground
fauit accident in the state of the car moving load.

FIG. 20 is a view showing the maximum and minimum values of the
rail voltages and the maximum values of the moving average voltage (5
minutes) in 15 feeding substations of the same route, in one example.

FIG. 21 is a view showing an overall configuration of a DC ground
fault detection system according to a conventional example.

FIG. 22 is a view showing one example of a conventional detection
method for detecting an insulation deterioration in a DC cable.
Mode(s) for carrying out the Invention
[0032] Although practical examples according to the present
invention are explained below with reference to the drawings, the
present invention is not limited to these practical exampies. prl
[0033] (Practical Example 1)

FIG. 1 shows a DC ground fault detection system according to a first
practical example of the present invention. The same reference
numerals as in FIG. 21 are given to identical parts, and repetitive
explanation is omitted. In FIG. 1, there are provided a voltage limiting
device (hereinafter also referred to as VLD) 50 and a VLD control and
data collection device 51 for each of a plurality of feeding substations
(21~23 in the example shown in FIG. 1). There is further provided a
ground fault discrimination device 60 for monitoring and controlling all
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the substations of a group.

[0034] The voltage limiting device 50 includes a short-circuit switch
which is interposed between the rail 37 and the earth 38 and which is
automatically inputted (automatically closed) by the VLD control and
data collection device 51 when the rail-earth potential between the rail
and earth is higher than or equal to a threshold value.

[0035] There are provided a current sensor 52 for sensing a current
passing through the short-circuit switch of voltage limiting device 50, a
current transducer or converter 53 for inputting the sensed current
sensed by the current sensor 52, into the VLD control and data coliection
device 51, as a VLD passage current (Ivld), and a voltage transducer or
converter 54 for sensing a voltage between the rail 37 and the earth 38
(the voltage between both terminals of the short-circuit switch of the
voltage limiting device 50), and inputting the sensed voltage into the
VLD control and data collection device 51, as a rail-earth voltage (Vvid).
[0036] The VLD control and data collection device 51 measures
(collects) the VLD passage current (Ivld) from the current transducer 53
and the rail-earth voitage (Vvld) from the voltage transducer 54, and
performs a function of controlling the input (closure of the short-circuit
switch) and the opening of the VLD 50, a function of sending and
receiving various information items including electric information items
such as the VLD passage current (Ivid) and the rail-earth voltage (Vvid),
to and from the ground fault discrimination device 60, a function of
tripping the feeder circuit breaker(s) in the accident section in which the
ground fault trouble is detected, in response to a later-mentioned trip
command from the ground fault discrimination device 60, and other
functions.

[0037] The ground fault discrimination device 60 performs a function

of discriminating a ground fault accident and an accident section or
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interval from the current value of the VLD passage current (Ivid), the
time or duration of the VLD passage current, the direction of the VLD
passage current and other factors by using the electric information
transmitted from the VLD control and date collection device(s) 51, a
function of delivering the trip command to trip the feeder circuit breaker
of the accident section (and the feeder circuit breaker or breakers in
nearby feeding section or nearby feeding sections), to the VLD control
and date collection device or devices 51, and other functions.

10038} Current transducers or converters 35a~35d are arranged to
input currents sensed by current sensors 34a~34d to the
protection-measurement devices 36a~36d, respectively.

[0039] In this embodiment, VLD(s) 50, current sensor(s) 52, current
transducer(s) 53, voltage transducer(s) 54 and VLD control and data
collection device(s) 51 serve a voltage limiting means according to the
present invention.

[0040] In this practical example, the ground fault discrimination
device 60 serve as a ground fault discriminating means according to the
present invention.

[0041] The operation threshold of the voltage limitation device 50
(VLD) is explained hereinafter.

[0042] VLD is installed on the basis of “Standard
IEC62128-1/EN50122-1 specifying the permissible touch voltage in case
of contact of a human body with a rail”. The permissible touch voltage
is continuous in the case of 120VDC, within 300 seconds in the case of
150VDC, and within 0.6 second in the case of 300VDC.

[0043] A protective function is required for securing the safety of a
human body by inputting VLD (closing the short-circuit switch) and
thereby lowering the rail voltage. Therefore, the threshold for the
operation of VLD is set within a range satisfying this requirement.
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[0044] By utilizing this VLD function, the system according to the
present invention determines a ground fault accident and an accident
section or interval.

[0045] The thus-constructed DC ground fault detection system is
operated in the following manner as shown in FIG. 1 and FIG. 2 showing
operations of main parts shown in FIG. 1.

[0046] For example, a ground fault accident (ground fault resistance
Rg) occurs between the down feeder line 32D and the earth 38 in the
feeding section of the DC feeding substation 22 (process (1)). In this
case, the earth potential becomes higher than the rail potential because
the rail(s) is not grounded in the DC feeding system, and the potential
(V) between the rail 37 and the earth 38 becomes higher (process (2)).
[0047] When the rail-earth voitage (Vvld) becomes higher than or
equal to the threshold value for the VLD control, then the VLD control
and data collection device 51 inputs the VLD 50 automatically (process
(3)), and transmits electric information of the VLD passage current
(Ivid) and the rail-earth voltage (Vvld) collected through the current
transducer 53 and voitage transducer 54, to the ground fault
discrimination device 60 (process (4)).

[0048] The ground fauit discrimination device 60 performs a ground
fault discrimination operation in accordance with the received electric
information and transmits the trip command to the feeder circuit breaker
of the feeding substation in the discriminated accident section (process
(5.

10049] In response to the trip command, the VLD control and data
collection device 51 on the recipient’s side trips the feeder circuit breaker
of the feeding substation of the accident section judged to be in trouble
of the ground fault (process (6)). (Specifically, the tripping operation is
performed by sending the trip command to a group of HSCBs (DC high
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speed circuit breakers 33) in the corresponding accident section,
through a local switchboard and a connection breaker, for example.)
[0050] With this trip command, the system stops the feeding in the
ground fault accident section (process (7)), and thereby removes the
ground fault accident.
[0051] The above-mentioned connection breaker (or connective
circuit breaker or interlinking circuit breaker or inter-section breaker) is
a device for transmitting signal(s) for opening the feeder circuit breaker
mutually between adjacent feeding substations in case of occcurrence of
a serious accident such as short-circuit in a feeding system and a ground
fault. The connection breaker is used for interruption of current flow in
feeding sections.
[0052] In the ground fault discrimination process, the ground fault
discrimination device 60 performs the following three detecting modes,
for example, by using the current value or magnitude and conduction
time of the passage current through (the short-circuit switch of} the VLD
50.

(1) Detection mode 1

When a ground fault accident occurs at a middle point between two
adjacent feeding substations, an accident current flows dividedly
through the two adjacent feeding substations. Accordingly, a judgment
of occurrence of a ground fault accident is made when the VLD passage
current (Ivld) having a value equal to or higher than 300A, for example,
flows continuously during a time equal to or longer than 30 sec, for
example, in each of the two adjacent feeding substations.

(2) Detection mode 2

When a ground fault accident occurs near cne of the feeding

substations, the accident current flows concentratedly through the
relevant feeding substation that is the feeding substation close to the
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point of the ground fault accident. Accordingly, a judgment of
occurrence of a ground fault accident is made when the VLD passage
current (Ivid) having a value equal to or higher than 500A, for example,
flows continuously during a time equal to or longer than 30 sec, for
example, in a single feeding substation.
(3) Detection mode 3
Like the detection mode 2, a judgment of occcurrence of a ground
fault accident is made when the VLD passage current (Ivid) of a value
equal to or higher than 200A, for example, flows continuously during a
time equal to or longer than 60 sec, for example, in a single feeding
substation.
(4) As to the polarity of the VLD passage current (Ivid) in various
situations
In the detection modes 1, 2 and 3, the direction of the current is
limited to the current direction from the ground (earth 38) to the rail
(37) at the time of ground fault accident {this current direction is defined
as a plus polarity).
[0053] When the VLD 50 is inputted because of an increase of the
rail-earth voltage (Vvid) beyond the threshold, VLD passage currents
(Ivld) of both polarities (+ and —) are produced because the railway car
is a moving load. However, in the case of the ground fault, the current
flows in the direction from the earth 38 to the rail 37 (+ polarity).
Therefore, the system can detect the ground fault by the current of the
plus polarity.
[0054] FIGS. 3~8 show examples of paths of currents flowing in the
feeding equipment. FIGS. 3~8 are views showing the construction of
the feeding equipment of FIG. 1 in a simplified form. In these examples,
there are four feeding substations $5-1~55-4, the feeder is shown by a
one feeder line 32, and only the elements relating to the current path are
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shown.

[0055] In the example of FIG. 3, an electric railway car 70 is running
under the feeder line 32 between the feeding substation S5-2 and the
feeding substation SS-3. VLD 50-1 ~ VLD 50-4 provided, respectively,
in the feeding sections of the four feeding substations are all in the open
state.

[0056] Therefore, from the feeding substation S5-2, the current
flows, as shown by a broken line arrow, in the form of a loop of the
positive terminal of DC power source 30 > DC bus 31 > feederline 32 >
electric railway car 70 - rail 37 & the negative terminal of DC power
source 30. Also, from the feeding substation $5-3, the current flows in
a similar loop.

[0057] In the case of FIG. 3, all of VLD 50-1 ~ VLD 50-4 are in the
open state. Consequently, the VLD passage current Ivid = 0 A.
[0058] In the example of FIG. 4, the electric railway car 70 is running
under the feeder line 32 between the feeding substation S5-2 and the
feeding substation $S-3, and only the VLD 50-3 at the feeding
substation $5-3 is in the closed state.

[0059] Therefore, from the feeding substation 55-2, the current
flows in the form of a loop of the positive terminal of DC power source 30
> DC bus 31 > feeder line 32 > electric railway car 70 = rail 37 > the
negative terminal of DC power source 30. Also, from the feeding
substation SS-3, the current flows in a similar loop.

[0060] In the case of FIG. 4, VLD 50-3 is closed, but the adjacent
VLD 50-2 is in the open state. Therefore, no current flow path is formed,
and the VLD passage current Ivid = 0 A.

[0061] Accordingly, the closure of VLD 50-3 is caused by a mere
voltage increase by the load or some other reascn, and the system does

not judge an occurrence of an accident.
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[0062] In the example of FIG. 5, the electric railway car 70 is running
under the feeder line 32 between the feeding substation $5-2 and the
feeding substation S5-3. VLD 50-1 ~ VLD 50-4 at all the feeding
substations SS-1 ~ SS-4 are in the closed state.

[0063] Therefore, from the feeding substation S5-2, as shown by a
broken line arrow, the current flows in the form of a loop of the positive
terminal of DC power source 30 - DC bus 31 -» feeder line 32 - electric
railway car 70 - rail 37 2> the negative terminal of DC power source 30.
[0064] From the feeding substation SS-3, the current flows in the
form of a loop of the positive terminal of DC power source 30 - DC bus
31 > feeder line 32 = electric railway car 70 = rail 37 > VLD 50-2 >
earth 38 = VLD 50-3 - rail 37 =>the negative terminal of DC power
source 30, and a branch current, after the passage of the electric railway
car 79, flows in the course of rail 37 > the negative terminal of DC power
source 30.

[0065] By measurement and comparison of the magnitudes, times
and polarities of the passage currents of all these VLD 50-1 ~ VLD 50-4,
the ground fault detecting system can detect a ground fault accident
section accurately. In the case of FIG. 5, the polarity of the VLD
passage current of VLD 50-2 is “-", and hence it can be regarded as a
load current. The polarity of the VLD passage current of VLD 50-3 is *+".
However, the magnitude of the VLD current is not so large as a ground
fault current, so that the system does not misjudge as occurrence of a
ground fault.

[0066] In the example of FIG. 6, a ground fault accident occurs in the
feeder line 32 between the feeding substations $5-2 and SS-3 in a
no-load state in which the electric car is not running. VLD 50-1 ~ VLD
50-4 at all the feeding substations SS-1 ~ $5-4 are in the closed state.
[0067] Therefore, from the feeding substation 55-2, the current
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flows in the form of a loop of the positive terminal of DC power source 30
- DC bus 31 - feeder line 32 = the ground fault point shown in the
figure - earth 38 - VLD 50-2 - rail 37 » the negative termina! of DC
power source 30. From the feeding substation 55-3, the current flows
in the form of a loop of the positive terminal of DC power source 30 - DC
bus 31 > feeder line 32 > the ground fault point shown in the figure >
earth 38 - VLD 50-3 - rail 37 -> the negative terminal of DC power
source 30.

[0068] By measurement and comparison of the magnitudes, times
and polarities of the passage currents of all these VLD 50-1 ~ VLD 50-4,
the ground fault detecting system can detect a ground fault accident
section accurately. In the case of FIG. 6, the passage current polarities
of the two adjacent VLD 50-2 and VLD 50-3 are both “"+”, and the
passage currents become higher than the threshold because of the
ground fault current. Thus, the condition of the before-mentioned
detection mode 1 shown in FIG. 2 is met, and therefore, the system can
judge that a ground fault accident has occurred in the section between
the feeding substations SS-1 and SS-3.

[0069] In the example of FIG. 7, while the electric railway car 70 is
running under the feeder line 32 between the feeding substations S5-2
and SS-3, a ground fault accident occurs in this section. VLD 50-1 ~
VLD 50-4 at all the feeding substations SS-1 ~ $5-4 are in the closed
state.

[0070] Therefore, from the feeding substation $5-2, the current
flows in the form of a loop of the positive terminal of DC power source 30
> DC bus 31 - feeder line 32 > electric car 70 = rail 37 - the negative
terminal of DC power source 30a, and a loop of the positive terminal of
DC power source 30 - DC bus 31 - feeder line 32 - the ground fault
point shown in the figure - earth 38 > VLD 50-2 - rail 37 = the
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negative terminal of DC power source 30.

[0071] From the feeding substation SS-3, the current flows in the
form of a loop of the positive terminal of DC power source 30 - DC bus
31 > feeder line 32 - the ground fault point shown in the figure > earth
38 > VLD 50-3 - rail 37 - the negative terminal of DC power source 30,
and a loop of the positive terminal of DC power source 30 - DC bus 31
> feeder line 32 > electric car 70 = rail 37 - the negative terminal of
DC power source 30.

[0072] In the loop of the positive terminal of DC power source 30 >
DC bus 31 - feeder line 32 > electric car 70 - rail 37 > VLD 50-2 >
earth 38 - VLD 50-3 - rail 37 - the negative terminal of DC power
source 30, no current flows because the ground fault current flowing in
the direction from the earth 38 to rail 37 is greater in VLD 50-2.
[0073] By measurement and comparison of the magnitudes, times
and polarities of the passage currents of all these VLD 50-1 ~ VLD 50-4,
the ground fault detecting system can detect a ground fault accident
section accurately. In the case of FIG. 7, the passage current polarities
of the two adjacent VLD 50-2 and VLD 50-3 are both "+”, and the
passage currents become higher than the threshold because of the
ground fault current. Thus, the condition of the before-mentioned
detection mode 1 shown in FIG. 2 is met, and therefore, the system can
judge that a ground fault accident has occurred in the section between
the feeding substations 55-2 and 5S-3.

[0074] In the example of FIG. 8, the feeding substation 55-3 is
constructed in the form of a tie post TP (a piece of equipment connecting
an up feeder line and a down feeder line through a DC high speed circuit
breaker as measures to a voltage drop). While the electric car 70 is
running under the feeder line 32 at the tie post TP, a ground fauit

accident occurs at the feeder line 32 near the feeding substation 55-2.
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VLD 50-1 ~ VLD 50-4 at all the feeding substations §5-1 ~ S5-4 are in
the closed state.

[0075] Therefore, from the feeding substation $5-2, the current
flows in the form of a loop of the positive terminal of DC power source 30
> DC bus 31 - feeder line 32 = the ground fault point shown in the
figure - earth 38 - VLD 50-2 - rail 37 < the negative terminal of DC
power source 30, and a loop of the positive terminal of DC power source
30 = DC bus 31 > feeder line 32 < electric car 70 > rail 37 > the
negative terminal of DC power source 30.

[0076] From the feeding substation S5-4, the current flows in the
form of a loop of the positive terminal of DC power source 30 - DC bus
31 - feeder line 32 > the tie post TP - feeder line 32 = the ground fault
point shown in the figure > VLD 50-4 - rail 37 - the negative terminal
of DC power source 30. Moreover, a current branches off from the tie
post TP, and flows through the electric car 70 = VLD 50-3 - earth 38 >
VLD 50-4 = rail 37 = the negative terminal of the DC power source 30,
and a current branches off from the electric car 70 and flows through rail
37 > the negative terminal of DC power source 30.

[0077] By measurement and comparison of the magnitudes, times
and polarities of the passage currents of all these VLD 50-1 ~ VLD 50-4,
the ground fault detecting system can detect a ground fault accident
section accurately. In the case of FIG. 8, the polarity of the passage
current of VLD 50-2 is “+”, , the polarity of the passage current of VLD
50-3 is “-" and the polarity of the passage current of VLD 50-4 is “+".
Therefore, since the polarities of two adjacent VLDs are not both “+”,
and hence the system cannot judge an occurrence of a ground fault
accident by using the detection mode 1 shown in FIG. 2.

10078] However, the passage current of VLD 50-2 at the feeding
substation SS5-2 becomes higher than or equal to the threshold value,
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and the polarity of the current is *+”. Therefore, the system can judge
an occurrence of a ground fault accident according to the detection mode
2 or 3 shown in FIG. 2.
[0079] Asin FIG. 3 ~ FIG. 8, it is possible to prevent misjudgment of
a ground fault accident by using the polarity and the magnitude of the
passage current through VLD 50.
[0080] As shown in FIG. 3 ~ FIG. 8, a judgment is made by using a
lot of conditions such as whether a position of an accident is between two
adjacent feeding substations or near one feeding substation, whether a
load of an electric car is present or not, and the open or closed conditions
of VLD 50. Accordingly, it is possible to discriminate a ground fault
accident section more accurately.
(5) Reduction of operation frequency of VLD 50 and setting of

ground fault judgment threshold

To perform the ground fault detection securely, it is necessary to set
the set value at a smaller value and to reduce the operation frequency of
VLD 50. However, the threshold is so set as to satisfy the standard
IEC62128-1/EN50122-1. For exampie, the minimum setting of VLD is
100 VDC and continuation of 3sec, and the frequency of the
opening/closing operation in the whole of a railway route is limited to
several times per day.
[0081] In the first practical example, a proper threshoid free from
malfunction is determined by performing a simulation taking account of
influence of a large capacity moving load of the electric car 70.
10082] In other words, the threshold for discriminating the ground
fault accident is set by performing a following simulation to take the
influence of the large capacity moving load of the electric car into
consideration, with a ground fault discriminating threshold setting

means, as another practical example according to the present invention.
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[0083] FIG. 9 shows, as an example, a configuration of DC feeding
system or equipment to perform a ground fault accident simulation. In
the example of FIG. 9, feeding substations TEOL ~ TEQ9 and RTS are
provided at predetermined intervals, and a ground fault accident occurs
at a position EF2.

[0084] Test conditions at the time of simulation are as follows. An
electric car is running, and a ground fault with a ground resistance of 1€
is generated at an intermediate position between the feeding
substations TEQ4 and TEQ5, and VLD (50) provided in each feeding
substation is in a normal operating state (originally in the open state).
[0085] The simulation results are shown in FIG. 10~FIG. 15,
[0086] FIG. 10 shows a process in which the simulation is started,
then a ground fault is produced after 10 seconds, and therefore the
potential between the rail and ground increases. The voltage of each
VLD is higher than or equal to a voltage threshold of 300V.

[0087] FIG. 11 shows the open/closed state of each VLD. At the
time of occurrence of the ground fault accident, the VLD voltage of each
VLD becomes higher than or equal to 300 V, and hence all VLDs are
closed. Thereafter, each of the VLDs of TEO1 and TEQ9 remoter from
the ground fault accident position (EF2) returns to the open state in a
short time sooner than the VLDs of TEO4 and TEQS closer to the ground
fault accident position. The closing periods of the VLDs of the other
feeding substations are not uniform because of influence of the load.
[0088] FIG. 12 shows the waveform of a ground fault accident
current. After the occurrence of the ground fault accident, the accident
current of 712A flows and then the current decreases to zero after 30
seconds because the feeder circuit breaker is tripped in the ground fault
accident section.

[0089] FIG. 13 shows the passage current (Ivid) of the VLD in each
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of the feeding substations TEQ4 and TEQS adjacent to the ground fault
accident position. The current values become equal to 368A and 406A,
respectively, beyond the threshold of 300A in the detection mode 1
mentioned with reference to FIG. 2, and each of the currents continues
for 30 seconds.

[0090] FIG. 14 shows that the trip signal is sent to the feeder circuit
breaker of each of the feeding substations TE0O4 and TEO5, 30 seconds
after the occurrence of the ground fault accident because the condition
of the threshold of the above-mentioned detection mode 1 is met.
[0091] As shown in FIG. 15, each of the feeding substations TEQ4
and TEQ5 delivers a connection or connective shutoff signal or breaker
signal to an adjacent substation, in response to the trip signal sent as
shown in FIG. 14. In response to the connection shutoff signal from
TE04, the DC high speed circuit breaker (HSCB) of the related feeding
substation RTS-R is tripped. In response to the connection shutoff
signal from TEQ5, the DC high speed circuit breaker (HSCB) of the
related feeding substation TEQ6-L is tripped.

[0092] By performing the simulation as shown in FIGS. 9~15, it is
possible to choose a proper threshold value free from malfunction for the
threshoid in the ground fault discrimination.

[0093] The thresholds for discriminating a ground fault accident in
the ground fault discrimination device 60 are not limited to the
before-mentioned values: the VLD passage current of 300A and the
current continuation time of 30 seconds in the detection mode 1; the
VLD passage current of 500A and the current continuation time of 30
seconds in the detection mode 2; the VLD passage current of 200A and
the current continuation time of 60 seconds in the detection mode 3. It
is possible to employ cther values.

[0094] Furthermore, as another practical example, after the
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operation of tripping the feeder circuit breaker after the detection of a
ground fault, it is possible to restart voltage application in a normal
section or normal sections and to hold only the accident section in the
current shutoff state by utilizing a reclosing function of the feeding
circuit.

[0095] Furthermore, as still another practical example, it is possible
to provide each function of the ground fault discrimination device 60 in a
1:N type centralized monitoring device. In other words, the VLD
passage current after the closure of VLD in each feeding substation is
transmitted to the centralized monitoring device. The centralized
monitoring device discriminates an accident section from the distribution
of VLD passage currents (conditions of VLD passage currents), and the
centralized monitoring devices delivers a command to open the feeder
circuit breaker, to the corresponding feeding substation.

[0096] As explained above, the first practical example provides the
following effects.

(1) The ground fault detection system or method can detect a ground
fault accident section more accurately by measuring and comparing the
magnitude, conduction or continuation time and polarity of VLD passage
current(s) after the input of the VLD at the time of ground fault.

(2) Moreover, the ground fault detection system or method can open
the feeder circuit breaker of the substation in the section in which an
accident is detected and open the feeder circuit breaker of adjacent or
nearby substation(s) with a connection or connective breaker. By S0
doing, the system or method can perform the interruption of electricity
in a properly limited section or part including the accident section.

(3) Moreover, by utilizing the reclosing function of the feeding circuit,
the system or method can set only the accident section in the electricity

shutoff state and put the normal section(s) in the reapplication state.
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[0097] (Practical Example 2)

Generally, a minute or fine ground fault caused by insulation
deterioration and other factors in the DC electric railway facilities is a
phenomenon tending to be latent, without reaching a protective region
of the feeding circuit. In this practical example 2, by using a
later-mentioned moving average voltage method, the system is
configured to detect even such a minute ground fault phenomenon
which is caused by deterioration of the insulator, etc. and which does not
reach the protection region of the feeding circuit.

[0098] A conventional insulation deterioration detection method for
a DC cable is shown, as an example, in FIG. 22. 1In FIG. 22, a cable
insulating condition monitoring device 200 monitors the insulation
deterioration by sensing a current in a feeding cable 100 with current
transformer(s) CT.

[0099] Since the monitoring is performed for each of the feeding
cables 100, each substation requires a plurality of sensing circulits,
respectively, for a plurality of the feeding cables, and the whole railway
route requires a lot of equipment pieces and large cost. Moreover,
insulation deterioration may be caused in components such as insulators
on the rail’s side by aging degradation, and therefore, the conventional
system does not cover the entire feeding circuits of the whole railway
route.

[0100] FIG. 16 shows a ground fault detection system in this
practical example 2. The same reference numerals are used for the
same components appearing in FIG. 1. The DC ground fault detection
system of FIG. 16 is different from the system of FIG. 1 in that the
ground fault discrimination device 60 of FIG. 16 is configured to perform
a function of calculating a moving or running average of the rail-earth

voltage supplied from the VLD control and data collection device 51, at
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predetermined time intervals, and judges a ground fault to be present
when the calculated moving average voltage exceeds a threshold. In
the other respects, the system of FIG. 16 is substantially identical to the
system of FIG. 1.

[0101] In the configuration of FIG. 16, insulation deterioration or
ground fault occurs between the down feeder line 32D and the earth 3§,
for example, in the feeding section of the DC feeding substation 22
(process (1)). Inthis case, the earth potential becomes higher than the
rail potential because the rail is not grounded in the DC feeding system,
and the potential between the rail 37 and the earth 38 becomes higher
(process (2)).

[0102] The ground fault discrimination device 60 continuously
monitors the rail potential (Vvld) transmitted from each VLD control and
data collection device 51 (process 3). Furthermore, the ground fault
discrimination device 60 calculates a moving average over a
predetermined time period, traces the data at any time, makes a
judgment of occurrence of a ground fault when the threshold is exceeded
and produces a warning (process (4)).

[0103] The above-mentioned threshold is set equal to a value (a
greatest moving average voltage at a steady state + a tolerance), for
example.

[0104] The high resistance ground fault discrimination is possible
even in a system having no VLDs, by continuous measurement of the rail
potential and the moving average voltage calculation of the second
practical example.

[0105] In the case of the judgment of the occurrence of the ground
fault in the above-mentioned process (4), the following action is required
because, by the ground fault, the rail potential (Vvid) is increased over a
wide area and hence the discrimination of the ground fault accident
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section is difficult.
[0106] First, the system inputs all the VLDs in questionable
section(s) in a no-load state after the end of the service hours, for
example, and in a feeding voltage applied state, and checks the
distribution of the VLD passage currents (Ivld). Since the ground fault
accident current is concentrated in the accident section, the system can
discriminate the accident section by checking this phenomenon.
[0107] The following is explanation on related items including the
calculation of the moving average voltage.
[0108] (1) The rail voltage waveform and moving average voltage in
the steady state

FIG. 17 shows one example of the calculation of the moving average
voltage. FIG. 18 shows, as an example, the waveform of the rail
potential (Vvld) between the rail and earth in one feeding substation in
the steady state, and the waveform of the moving average over 5
minutes. In Fig. 18, the potential fluctuates violently, but the moving
average voltage over 5 minutes varies more stably.
[0109] (2) The rail voltage waveform and moving average voltage
at the time of occurrence of a high resistance ground fault

FIG. 19 shows, as an example, the waveform of the rail potential
(Vvid) and the waveform of the moving average over 5 minutes in the
case of a 20V potential increase caused by minute ground fault due to
insulation deterioration etc. As shown in FIG. 19, after the ground fauit,
the moving average voltage tends to increase gradually from 14V to 34V
during a time period AT.
[0110] FIG. 20 shows, as an example, the maximum and minimum
values of the rail potentials and the maximum values of the moving
average (5min) in 15 substations in the same route (DC 750V feeding

system). The maximum value of the moving average is about +20V, at
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most.

[0111]  In this practical example 2, the tolerance is set about +20V,
and the threshold value for the ground fault discrimination is set equal to
the maximum moving average voltage 20V + the tolerance 20V = +40V.
[0112] (3) Polarity of VLD passage current (Ivid)

The detection method mentioned in (1) and (2) above is limited to
the current direction (polarity of +) from the ground (earth) to rail at the
time of a ground fault. The polarity of the VLD passage current (Ivld) is
the same as in FIG. 6. As shown in FIG. 6, the current flows in the
direction from the earth’s side to the rail’s side in the case of a ground
fault in the no-load state after the VLD input, and therefore, it is possible
to limit the polarity.

[0113] (4) Reduction of VLD operation frequency

The operation frequency is reduced to perform the ground fault
detection securely. The threshold is so set as to satisfy the standard
IEC62128-1/EN50122-1. In the standard, it is assumed that, in the
feeding system of DC 750V, the rail potential increases beyond 120V,
several times per day. However, in the actual measurement, the peak
time is shorter than or equal to about 2 seconds. Accordingly, it is
possible to reduce the number of closing operations of the VLD
significantly with the setting of the threshold for the VLD closing
operation (it is possible to limit the operation frequency of the
opening/closing operations to several times per day in the whole of the
route by setting a minimum set value of VLD equal to or greater than
120V DC-3 sec.)

[0114] In the practical example 2 as mentioned above, it is possible
to obtain the following effects.
[0115] (1) A minute or fine ground fault caused by insulation

deterioration and other factors in the DC electric railway facilities does
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not reach a protective region of the feeding circuit, and generally tends
to be latent. The system can grasp the minute or fine ground fault
phenomencn which is caused by the insulation deterioration etc., and
which does not reach the protection region of the feeding circuit, by
using the moving average voltage method of this practical example
according to the invention.

[0116] (2) Moreover, the system can discriminate the accident
section by inputting all the VLDs in questionable section(s) in the no-load
state in which the feeding voltage is applied, after the end of the service
hours, for example, and checking the distribution of the VLD passage
currents (Ivid) by the use of the characteristic of concentration of the
ground fault accident current at the accident section.

[0117] (3) It is possible to improve the ability of maintenance by
enabling the discrimination of an accident section with a 24-hour
operation system.

[0118] (4) The rail potential (Vvid) is varied by the load of an
electric car and the VLD is operated between the open and closed states
on the basis of the threshold. The rail potential decreases with the
closure of VLD. However, the closing time is on the order of seconds.
Moreover, the operation frequency is low. Therefore, no or little
influence is exerted from the VLD opening and closing operations, on the
moving average method with the setting on the order of minutes.
[0119] (3) In the case of facilities equipped with VLD, no large
investment for facilities is required.

[0120] (6) Even in the facilities having no VLD, it is possible to
employ the high resistance ground fault discrimination system of the
moving average voltage calculation type if the rail potential can be
measured. Moreover, it is possibie to discriminate an accident section

by performing the feeding voltage application in a stepwise manner in
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increases, that is a section in which the current is concentrated.
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CLAIMS
1. A DC ground fault detection system of a DC electric railway to
supply DC power to an electric railway car through feeder lines from a
plurality of feeding substations, the DC ground fault detection system
comprising:

a voltage limiting means provided in each of feeding sections of the
feeding substations, for collecting electric information, the voltage
limiting means including a short-circuit switch connected between a rail
and an earth and arranged to be closed when a rail-earth voltage
between the rail and the earth becomes higher than or equal to a preset
voltage, the electric information collected by the voltage limiting means
including the rail-earth voltage and a passage current passing through
the short-circuit switch after closure of the short-circuit switch; and

a ground fault discriminating means to discriminate a ground fault
accident from a current magnitude, a conduction time and a conduction
direction of the passage current flowing through the short-circuit switch
by using the electric information collected by each of the voltage limiting

means.

2. The DC ground fault detection system as claimed in Claim 1,
wherein each of the voltage limiting means and the ground fault
discriminating means are connected to enable exchange of data
therebetween;

the voltage limiting means is configured to deliver the collected
electric information to the ground fault discriminating means, the
ground fault discriminating means is configured to deliver a trip
command to trip a feeder circuit breaker at least in an accident section in

which the ground fault accident is judged to be present, to the voltage
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limiting means, and the voltage limiting means is configured to trip the
feeder circuit breaker of at least the accident section in response to the

trip command.

3. The DC ground fault detection system as claimed in Claim 2,
wherein the ground fault discriminating means is configured to deliver
the trip command to trip the feeder circuit breaker in a feeding section
near the accident section, to the voltage limiting means; and the voltage
limiting means is configured to trip the feeder circuit breaker of the
feeding section near the accident section, in response to the trip

command.

4, A DC ground fault detection method for a DC electric railway to
supply DC power to an electric railway car through feeder lines from a
plurality of feeding substations, the DC ground fault detection method
comprising:

an information collecting step of collecting electric information with a
voltage limiting means which is provided in each of feeding sections of
the feeding substations, and which includes a short-circuit switch
interposed between a rail and an earth and arranged to be closed when
a rail-earth voltage becomes higher than or equal to a preset voltage,
the electric information collected at the information collecting step
including the rail-earth voltage and a passage current passing through
the short-circuit switch after closure of the short-circuit switch; and

a ground fault discriminating step of discriminating a ground fault
accident from a current magnitude, a conduction time and a conduction
direction of the passage current flowing through the short-circuit switch,

with a ground fault discriminating means using the electric information.
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5. The DC ground fault detection method as claimed in Claim 4,
wherein the DC ground fault detection method comprises:

an information sending step of sending the electric information
coliected by the voltage limiting means, from the voltage limiting means
to the ground fault discriminating means which is connected with each of
the voltage limiting means to enable exchange of data therebetween;

a trip command delivering step of delivering, from the ground fault
discriminating means to the voltage limiting means, a trip command to
trip a feeder circuit breaker at least in an accident section in which a
ground fault accident is judged to be present; and

a tripping step of tripping the feeder circuit breaker of at least the
accident section in response to the trip command with the voltage

limiting means.

6. The DC ground fault detection method as claimed in Claim 4 or 5,
wherein the ground fault discriminating step includes an operation of
judging the ground fault accident to be present when the passage
current collected by the voltage limiting means in the feeding section of
each of two adjacent feeding substations has a current magnitude
greater than or equal to a preset magnitude value and has a conduction

time longer than or equal to a predetermined time length.

7. The DC ground fault detection method as claimed in Claim 4 or 5,
wherein the ground fault discriminating step includes an operation of
judging the ground fault accident to be present when the passage
current collected by the voltage limiting means in the feeding section of
one of the feeding substations has a current magnitude greater than or
equal to a preset magnitude value and has a conduction time longer than

or equal to a predetermined time length.

-35-



10

15

20

25

8. The DC ground fault detection method as claimed in one of Claims
4 to 7, wherein, in the ground fault discriminating step, the ground fault
accident is judged to be present when the conduction direction of the
passage current of the short circuit switch collected by the voltage

limiting means is from the ground to the rail.

0. The DC ground fault detection method as claimed in one of Claims
4 to 8, wherein, in the ground fault discriminating step, the ground fault
accident is discriminated in accordance with conditions in the plurality of
the feeding sections, the conditions in the feeding sections including a
presence/absence condition of an electric car load and an open/closed

condition of the short-circuit switch.

10. The DC ground fault detection method as claimed in one of
Claims 4 to 9, wherein the DC ground fault detection method comprises
a ground fault discrimination threshold setting step of determining a
threshold for discriminating the ground fault accident by performing a
simulation of the ground fault accident, taking into consideration,
influence of a great capacity moving load of an electric railway car, with

a ground fault discrimination threshold setting means.

11. The DC ground fault detection system as claimed in Claim 1,
wherein the ground fault discriminating means is configured to calculate
a moving average voltage, over a predetermined time period, of the
rail-earth voltage sensed and collected by the voltage limiting means,
and to judge presence of a ground fault when the calculated moving

average voltage exceeds a threshold.
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12. The DC ground fault detection system as claimed in Claim 11,
wherein the threshold is set equal tc a sum of a maximum moving

average voltage at a steady state and a tolerance.

13. The DC ground fault detection system as claimed in Claim 11 or
12, wherein the ground fault discriminating means is configured to
discriminate a ground fault accident section in accordance with a
distribution of passage currents through the short-circuit switches in the
feeding sections collected by the voltage limiting means when a feeding
voltage is applied in each of the feeding sections of the substations in a

no-load state.
3 K 3 S Sk S S K K SR SR K K R R K K K
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