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DESCRIPTION

TITLE OF INVENTION: DISCHARGE DETECTOR

Technical Field
[0001] The present invention relates to a discharge detector for detecting discharge

occurred by an accident, such as tracking, a short circuit, and disconnection.

Background Art
[0002] Japanese Patent Application Kokai Publication No. 2019-184480 (Patent

Document 1) discloses a discharge detector for detecting discharge occurred in an

electrical circuit. The discharge detector is electrically connected to, for example, an
electrical circuit, such as indoor wiring. To the electrical circuit, a load, not shown, is
electrically connected. The load means, for example, a device operating by consuming
electric power, such as a lighting fixture, a display, an air conditioner, and a refrigerator.
When an accident, such as tracking, a short circuit, disconnection, and current leakage,
occurs in the electrical circuit or the load, discharge takes place between electric wires
or between electrodes. When discharge occurs, a noise is superimposed on the voltage
or current in the electrical circuit. The discharge detector detects noises in a high
frequency band superimposed on the voltage or current by a high pass filter and

determines whether discharge has occurred based on such a noise.

Prior Art Documents

Patent Document

[0003] Patent Document 1: Japanese Patent Application Kokai Publication No. 2019-
184480

Disclosure of the Invention

Problems to be solved by the Invention

[0004] Such a discharge detector is intended to detect discharge occurred by an
accident, such as tracking and a short circuit. However, some of the loads electrically
connected to such an electrical circuit continuously generate noises at levels more than a
threshold set in the discharge detector. For example, fluorescent lamps sometimes
continuously generate noises at levels more than the threshold for a while after being
turned on. Thus, discharge detectors in the past have a problem of making an

erroneous determination that discharge has occurred due to a noise generated by normal
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operation of a load.

[0005] The above problem can be solved if a user is allowed to freely change one or
more values of the settings used for determinations by the discharge detector not to
cause an erroneous determination that discharge has occurred due to the noise generated
by normal operation of a load. However, such a discharge detector in the past has a
configuration not allowing a change in the values of the settings, such as a threshold,
used for determinations. Even if the discharge detector in the past has a configuration
allowing a change in the values of the settings, it is difficult for a less knowledgeable
and experienced user to select optimal values of the settings.

[0006] The present invention has been made in view of the above problems, and it is
an object thereof to provide a discharge detector capable of resetting one or more values
of the settings used for determinations whether discharge has occurred by learning the

level and duration time of each noise generated by a load.

Means to solve the Problems

[0007] (1) A discharge detector of the present invention for detecting discharge
occurred in an electrical circuit with an electrically connected load based on a noise
superimposed on a voltage or current, the discharge detector includes: a filter circuit
configured to pass a noise in a predetermined frequency range; an amplifier configured
to amplify a level of the noise passed through the filter circuit; and a processor
configured to detect occurrence of discharge based on the noise level amplified by the
amplifier, wherein the processor is set to have a threshold related to the noise level and
a determination time to determine whether discharge has occurred, the processor is
capable of selectively executing either one of a discharge detection mode or a learning
mode, the processor in the discharge detection mode executes process of determining
whether discharge has occurred by comparing a duration time of the noise at a level of
the threshold or more with the determination time, and the processor in the learning
mode executes process of sampling the noise at the level of the threshold or more and
resetting at least one value of the settings based on a result of the sampling.

[0008] (2) It is preferred that, in the discharge detector of (1) above, the
processor in the learning mode executes: process of comparing the level of the sampled
noise with the threshold; process of measuring the duration time of the noise if the level
of the noise is the threshold or more; and process of resetting a value of the
determination time to a value of the noise duration time or more.

[0009] (3) It is preferred that, in the discharge detector of (2) above, the duration

time of the noise is set to have an upper limit, and the processor in the learning mode
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executes process of determining that discharge has occurred if the duration time of the
sampled noise is more than the upper limit.

[0010] (4) It is preferred that, in the discharge detector of (2) or (3) above, the
processor in the learning mode executes process of resetting the value of the
determination time to a value more than the noise duration time.

[0011] (5) It is preferred that, in the learning mode of the discharge detector of
any one of (1) through (4) above, the processor is set to have an amplification factor of
the amplifier, and the processor executes process of reducing the amplification factor of
the amplifier if the noise level is the threshold or more.

[0012] (6) It is preferred that the discharge detector of any one of (1) through (5)
above further includes an operation section for manually selecting either one of the

discharge detection mode or the learning mode.

Effects of the Invention
[0013] The discharge detector of the present invention allows one or more values of
the settings used for determinations whether discharge has occurred to be reset by

learning the level and duration time of each noise generated by a load.

Brief Description of the Drawings

[0014] Fig. 1 is a schematic diagram illustrating a discharge detector according to an
embodiment of the present invention.

Fig. 2 is a waveform diagram illustrating relationship between the noise level
and time.

Fig. 3 is a waveform diagram illustrating relationship between the noise level
and time and illustrates that the noise level of the threshold or more continues for more
than the upper limit of the duration time.

Fig. 4 is a waveform diagram illustrating relationship between the noise level
and time and illustrates a plurality of noises detected in a predetermined time.

Fig. 5 is a waveform diagram illustrating relationship between the noise level
and time and illustrates the timing of the start of load operation and the noise level of
the threshold or more.

Fig. 6 is a waveform diagram illustrating relationship between the noise level
and time and illustrates a noise level made to be less than a first threshold by reducing
the amplification factor of an amplifier.

Fig. 7 is a waveform diagram illustrating relationship between the noise level

and time and illustrates the timing of the start of load operation, a noise level of the first
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threshold or more, and a noise level of discharge.
Fig. 8 is a waveform diagram illustrating relationship between the noise level
and time and illustrates that only the noise level of discharge exceeds the first threshold

by reducing the amplification factor of the amplifier.

Modes for Carrying Out the Invention

[0015] A discharge detector according to an embodiment of the present invention is
described below with reference to the drawings.
[0016] 1. Discharge Detector

Fig. 1 illustrates a discharge detector 1 in the present embodiment electrically
connected to an electrical circuit. Fig. 1 also illustrates simplified indoor wiring as the
electrical circuit. The indoor wiring is configured with the utility power, a breaker 8§, a
plug socket, and wiring electrically connecting them. To the plug socket, a load, not
shown, is electrically connected. The load operates by consuming alternating current
power, which is the utility power. An accident, such as tracking and a short circuit,
may occur in the indoor wiring and the load. The discharge detector 1 detects
discharge occurred due to an accident, such as tracking and a short circuit. The
discharge detector 1 includes a filter circuit 11, an amplifier 12, a processor 10, and an
operation section 15. The processor 10 includes a determination mechanism 13 and a
reset mechanism 14.
[0017] The filter circuit 11 is configured by, for example, connecting a capacitor and a
resistor, not shown, in parallel to an electrical circuit. The filter circuit 11 removes the
utility frequency and passes noises in a predetermined frequency range. In the present
embodiment, the noise means a voltage and is output from both ends of the resistor
constituting the filter circuit 11. The amplifier 12 amplifies the level of the noise
passed through the filter circuit 11. The processor 10 detects occurrence of discharge
based on the noise level amplified by the amplifier 12.
[0018] In this situation, the processor 10 in the present embodiment selectively
executes either one of a discharge detection mode or a learning mode based on a signal
output from the operation section 15. The determination mechanism 13 is a program
to cause the processor 10 to execute process in the discharge detection mode. The
reset mechanism 14 is a program to cause the processor 10 to execute process in the
learning mode.
[0019] The processor 10 in the discharge detection mode determines whether the noise
level is a preset threshold or more. If a determination is made that the noise level is

the threshold or more, the processor 10 measures a duration time of the noise. The
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duration time of the noise is measured until the noise level becomes less than the
threshold. The processor 10 then compares the value of the noise duration time with
the value of a preset determination time (e.g., 500 ms). If the result of the comparison
indicates that the value of the noise duration time is the value of the determination time
or more, the processor 10 determines that discharge has occurred. Based on the result
of the determination, the processor 10 detects occurrence of discharge. The processor
10 having detected the occurrence of discharge executes, for example, process for
interrupting the breaker 8, process for issuing an alarm, and the like.

[0020] The processor 10 in the learning mode executes process of sampling noises at
the levels of the threshold or more and resetting one or more values of the settings used
for determinations whether discharge has occurred based on the result of the sampling.
The resetting of the one or more values of the settings in the learning mode causes a
change in criteria for determination of occurrence of discharge in the discharge
detection mode. As a result, the discharge detection sensitivity of the processor 10 is
corrected to a higher or lower level.

[0021] The values of the settings used for determinations whether discharge has
occurred include the threshold and value of the determination time described above and
a value of an amplification factor of the amplifier 12. The value of the threshold is set
in both the determination mechanism 13 and the reset mechanism 14. The value of the
determination time is set in the determination mechanism 13. The amplification factor
is set in the amplifier 12. Each value of the threshold, the determination time, and the
amplification factor is set, for example, before shipment of the discharge detector 1
from the factory.

[0022] For example, at the beginning of installing the discharge detector 1 in an
electrical circuit, the discharge detection mode is selected to monitor occurrence of
discharge. In this case, the processor 10 determines whether discharge has occurred
based on the initial settings before shipment from the factory. Then, various loads
electrically connected to the electrical circuit are caused to operate as usual. For
example, if the processor 10 makes an erroneous determination of occurrence of
discharge due to a noise generated by normal operation of such a load, the learning
mode is selected to reset the values of the settings before shipment from the factory.
The resetting causes the discharge detection sensitivity of the processor 10 to be
corrected to a lower level.  As another example, if the processor 10 does not detect
discharge at all for a long period of time even after installation of the discharge detector
1, the learning mode is selected to reset the values of the settings before shipment from

the factory. The resetting causes the discharge detection sensitivity of the processor 10
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to be corrected to a higher level.
[0023] It should be noted that the discharge detection mode for the first time since the
introduction of the discharge detector 1 in the present embodiment is preferably
executed while all loads electrically connected to the electrical circuit do not operate.
This allows confirmation of whether an accident, such as disconnection and current
leakage, occurs in the electrical circuit itself.
[0024] 2. Process in Learning Mode

The process in the learning mode executed by the processor 10 is then
described with reference to Figs. 2 through 8.
[0025] 2.1 Resetting of Determination Time

As described above, the processor 10 in the discharge detection mode
determines that discharge has occurred if the value of the duration time of the noise at
the level of the threshold or more is the value of the preset determination time (e.g., 500
ms) or more. If the learning mode is selected, the processor 10 then executes process
of resetting the value of the current setting of the determination time.
[0026] As illustrated in Fig. 2, in the learning mode, the processor 10 executes process
of sampling the noises at the levels of the threshold or more. The noise sampling
process is executed without limiting the number of times in a preset learning period.
The processor 10 determines whether the level of each noise output from the amplifier
12 is the threshold or more. If a determination is made that the level of a noise is the
threshold or more, the processor 10 measures the duration time of the noise. The
processor 10 causes a memory, not shown, to store first through Nth measurement
results in the learning period. After passing the learning period, the processor 10
calculates a new value of the setting of the determination time based on the noise
duration times, which are the first through Nth measurement results. For example, the
processor 10 determines any of the maximum value, the median value, or the average
value of the noise duration times, which are the first through Nth measurement results,
as the new value of the setting of the determination time. The processor 10 resets the
determination time from the value of the current setting to the new value of the settings.
[0027] In this situation, if the processor 10 makes an erroneous determination of
occurrence of discharge due to a noise generated by normal operation of a load, it is
preferred as illustrated in Fig. 2 that a value more than the maximum value of the
duration times of the sampled noises is determined as the new value of the setting of the
determination time. This causes the discharge detection sensitivity of the processor 10
to be corrected to a lower level and prevents erroneous determinations of occurrence of

discharge by the processor 10. For example, the processor 10 determines a value 1.1
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to 1.2 times the maximum value of the duration times of the sampled noises as the new
value of the setting of the determination time.
[0028] 2.2 Upper Limit of Duration Time

In the learning mode described above, although measuring the duration time of
each noise at a level of the threshold or more, the processor 10 does not determine
occurrence of discharge by comparing the duration time of the noise with the
determination time. As illustrated in Fig. 3, in the learning mode, an upper limit is
thus set on the duration time of the noise measured by the processor 10. The processor
10 determines that discharge has occurred if the value of the noise duration time under
measurement exceeds the preset upper limit. Based on the result of the determination,
the processor 10 detects occurrence of discharge. The processor 10 having detected
the occurrence of discharge executes, for example, process for interrupting the breaker
8, process for issuing an alarm, and the like.
[0029] 2.3 Learning Period

As described above, in the learning mode, the learning period is set for
sampling the noises at the levels of the threshold or more by the processor 10. The
length of the learning period may be set in, for example, hours, days, weeks, or months.
The learning period may also be set by combining two or more of hours, days, weeks,
and months. For example, for the discharge detector 1 to be installed in indoor wiring
of a fully automated factory, the learning period is preferably set in a day or a week.
In particular, a learning period of a week allows calculation of the optimal value of the
setting of the determination time by executing the sampling process by the processor 10
on weekdays and holidays and sampling noises from various devices operating in the
factory without omission.
[0030] For example, if the learning period is set in hours, the processor 10 executes
the process of sampling noises at levels more than the threshold for the time (e.g., 24
hours) set as the learning period. As a result, as illustrated in Fig. 4, duration times 1
through N of the plurality of noises detected in the predetermined time are sampled.
Based on the duration times 1 through N of the noises, the processor 10 calculates a new
value of the setting of the determination time.
[0031] As another example, the learning period may be a combination of a day and
hours. In this case, the processor 10 executes the process of sampling noises at levels
more than the threshold for given hours (e.g., from 9:00 to 17:00) in a day. As still
another example, the learning period may be a combination of a week and hours. In
this case, the processor 10 executes the process of sampling noises at levels more than

the threshold for given hours every day in the week. As even another example, the
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learning period may be a combination of a month, weeks, days, and hours. In this
case, the processor 10 executes the process of sampling noises at levels more than the
threshold for given hours on given days every week in the month.
[0032] It should be noted that the learning mode is initiated by manually operating the
operation section 15 of the discharge detector 1. For example, if the learning period is
set in a length of hours (e.g., 1 hour), the processor 10 immediately executes the process
of sampling noises at levels more than the threshold based on the signal from the
operation section 15. As another example, if a start time and an end time are set for
the learning period, the processor 10 executes the process of sampling noises at levels
more than the threshold at a preset start time (e.g., 9:00) based on the signal from the
operation section 15.
[0033] 2.4 Resetting of Amplification Factor

Fig. 5 illustrates a noise at the level of the threshold or more generated by
normal operation of a load. As illustrated in Fig. 5, the level of the noise generated by
a load increases immediately after the load starts operating and reaches the threshold.
When the duration time of the noise reaches the determination time or more, the
processor 10 makes an erroneous determination of occurrence of discharge. As
described above, the processor 10 resets the value of the determination time in the
learning mode to prevent such an erroneous determination. As another way to prevent
erroneous determinations of occurrence of discharge, the processor 10 in the learning
mode resets the amplification factor of the amplifier 12.
[0034] As illustrated in Fig. 6, in the sampling process in the learning mode, the
processor 10 executes process of reducing the amplification factor of the amplifier 12 if
the level of a noise output from the amplifier 12 is a first threshold or more. The first
threshold is the same value as the “threshold” used for determinations of occurrence of
discharge in the discharge detection mode and is referred to as the “first threshold” for
convenience of description. As already described, the first threshold is set in both the
determination mechanism 13 and the reset mechanism 14 illustrated in Fig. 1.
[0035] The processor 10 then compares the level of the noise output from the
amplifier 12 and having the reduced amplification factor with a second threshold. The
second threshold is a value smaller than the first threshold and is set in the reset
mechanism 14. If the noise level is the second threshold or more, the processor 10
reduces the amplification factor of the amplifier 12 again and compares the noise level
with the second threshold. Meanwhile, if the noise level is less than the second
threshold, the processor 10 terminates the process of reducing the amplification factor

of the amplifier 12. Due to the above-described process of resetting the amplification
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factor, the level of the load noise illustrated in Fig. 6 is reduced to substantially less than
the first threshold used for determinations of occurrence of discharge. Accordingly,
the load noise does not cause an erroneous determination of occurrence of discharge.
[0036] In this situation, reduction in the amplification factor of the amplifier 12 leads
to a decrease in the discharge detection sensitivity of the processor 10. However, the
level of a noise superimposed on the voltage by discharge is incomparably high with the
level of the load noise. The reduction in the amplification factor of the amplifier 12 to
prevent the level of the load noise from reaching the first threshold or more thus does
not affect the detection of discharge. The reduction in the amplification factor of the
amplifier 12 to an optimal value allows the processor 10 to accurately detect only
occurrence of discharge while ignoring the load noise.
[0037] For example, Fig. 7 illustrates the behavior of the noise level in the case that
discharge occurs in succession to the start of load operation. ~ As illustrated in Fig. 7, if
the processor 10 does not execute the process of reducing the amplification factor of the
amplifier 12 at the time of detecting a load noise at a level more than the first threshold,
the waveform of the level of the load noise turns out to be followed by the waveform of
the noise level of discharge occurred later, causing difficulty in specifying the timing of
the occurrence of the discharge.
[0038] Meanwhile, as illustrated in Fig. 8, if the processor 10 executes the process of
reducing the amplification factor of the amplifier 12 at the time of detecting a load noise
at a level more than the first threshold, the level of the load noise is reduced to
substantially less than the first threshold. This causes only the noise level of a
discharge phenomenon to exceed the first threshold.
[0039] In the learning mode, if executing the process of reducing the amplification
factor of the amplifier 12, the processor 10 determines that discharge has occurred at the
time of detecting a noise at the level of the first threshold or more. Based on the result
of the determination, the processor 10 detects occurrence of discharge. The processor
10 having detected the occurrence of discharge executes, for example, process for
interrupting the breaker 8, process for issuing an alarm, and the like.
[0040] 2.5 Operation Section

The operation section 15 illustrated in Fig. 1 is provided to manually select
either one of the discharge detection mode or the learning mode. The operation
section 15 has a configuration that is not particularly limited and may be, for example, a
simple switch or button. The operation section 15 may also be configured with a
plurality of switches or buttons. In this case, to any of the plurality of switches or

buttons, a function except for selecting either one of the discharge detection mode or the
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learning mode may be assigned. For example, a function of initializing the reset
values of the threshold and determination time and the value of the amplification factor
of the amplifier 12 to the initial values of the settings before shipment from the factory
may be assigned to any of the plurality of switches or buttons. Moreover, the
operation section 15 may be configured with a touch screen to display images of such a
plurality of switches or buttons.
[0041] 3. Others

The discharge detector of the present invention is not limited to the
embodiment described above. For example, in the embodiment described above, the
processor 10 determines whether discharge has occurred based on the noise
superimposed on the voltage. However, the processor 10 is also capable of
determining whether discharge has occurred based on a noise superimposed on the
current. For example, it is possible to detect a noise of the threshold or more
superimposed on the current by converting power of an alternating current, which is the
utility power, to a direct current by a CT (current transformer).
[0042] The discharge detector 1 in the present embodiment constitutes one unit
independent of other devices. However, the discharge detector 1 may be built in a
circuit constituting another device. For example, all the components constituting the
discharge detector 1 may be built in a distribution board provided with a plurality of
breakers. Moreover, among the components of the discharge detector 1, the filter
circuit 11 and the amplifier 12 may be built in a distribution board and the processor 10
and the operation section 15 may constitute one unit independent of the distribution
board. In this case, information on the noise level output from the amplifier 12 is input
to the processor 10 via wireless or wired communication. The unit including the
processor 10 and the operation section 15 is installed in a location allowing a user to

readily operate the unit.

Description of Reference Numerals

[0043]

1 Discharge Detector

10 Processor

11 Filter Circuit

12 Amplifier

13 Determination Mechanism
14 Reset Mechanism

15 Operation Section
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CLAIMS

1. A discharge detector for detecting discharge occurred in an electrical circuit
with an electrically connected load based on a noise superimposed on a voltage or
current, the discharge detector comprising:

a filter circuit configured to pass a noise in a predetermined frequency range;
an amplifier configured to amplify a level of the noise passed through the filter circuit;
and a processor configured to detect occurrence of discharge based on the noise level
amplified by the amplifier, wherein

the processor is set to have a threshold related to the noise level and a
determination time to determine whether discharge has occurred,

the processor is capable of selectively executing either one of a discharge
detection mode or a learning mode,

the processor in the discharge detection mode executes process of determining
whether discharge has occurred by comparing a duration time of the noise at a level of
the threshold or more with the determination time, and

the processor in the learning mode executes process of sampling the noise at
the level of the threshold or more and resetting at least one value of the settings based
on a result of the sampling.

2. The discharge detector according to Claim 1, wherein the processor in the
learning mode executes:

process of comparing the level of the sampled noise with the threshold;

process of measuring the duration time of the noise if the level of the noise is
the threshold or more; and

process of resetting a value of the determination time to a value of the noise
duration time or more.

3. The discharge detector according to Claim 2, wherein

the duration time of the noise is set to have an upper limit, and

the processor in the learning mode executes process of determining that
discharge has occurred if the duration time of the sampled noise is more than the upper
limit.

4. The discharge detector according to Claim 2 or 3, wherein the processor in the
learning mode executes process of resetting the value of the determination time to a
value more than the noise duration time.

5. The discharge detector according to any one of Claims 1 through 4, wherein

the processor is set to have an amplification factor of the amplifier, and
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the processor in the learning mode executes process of reducing the
amplification factor of the amplifier if the noise level is the threshold or more.
6. The discharge detector according to any one of Claims 1 through 5, further
comprising an operation section for manually selecting either one of the discharge

detection mode or the learning mode.



