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DESCRIPTION 

 

TITLE OF INVENTION: DISCHARGE DETECTION SYSTEM 

 

Technical Field 5 

[0001] The present invention relates to a discharge detection system for detecting 

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

 

Background Art 

[0002] Japanese Patent Application Kokai Publication No. 2020-25460 (Patent 10 

Document 1) discloses a discharge detection structure built in a distribution board.  

The distribution board includes a main breaker, a plurality of branch breakers, and a bus 

to electrically connect them.  Each circuit of the branch breakers has a built-in 

discharge detection structure.  Each branch breaker has a secondary side electrically 

connected to, for example, a branch circuit, such as indoor wiring.  To each branch 15 

circuit, a load 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 branch circuit or the load, discharge 

takes place between electric wires or between electrodes.  When discharge occurs, a 20 

noise is superimposed on the voltage or current in the branch circuit.  The discharge 

detection structure detects noises in a high frequency band superimposed on the voltage 

or current by a high pass filter and determines that discharge has occurred if the noise 

level is a threshold or more. 

 25 

Prior Art Documents 

Patent Document 

[0003] Patent Document 1: Japanese Patent Application Kokai Publication No. 2020-

25460 

 30 

Disclosure of the Invention 

Problems to be solved by the Invention 

[0004] A noise associated with discharge (hereinafter, referred to as a “discharge 

noise”) has an excessive level.  Accordingly, as illustrated in Fig. 8, if discharge occurs 

in a load connected to any one of a plurality of branch circuits, a discharge noise 35 

associated with the discharge turns out to propagate to other branch breakers, leading to 
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a problem that the discharge detection structures of these branch breakers turn out to 

detect occurrence of discharge.  This problem is caused by an excessive discharge 

noise passing through the one branch breaker and input to other branch breakers via the 

bus.  The discharge detection structure of Japanese Patent Application Kokai 

Publication No. 2020-25460 thus includes a low pass filter to interrupt a noise 5 

(hereinafter, referred to as a “propagation noise”) propagating from one branch breaker 

to another branch breaker.  However, the discharge detection structure is built in each 

one of the plurality of branch breakers.  Addition of a low pass filter to each of the 

discharge detection structures causes a problem of enormous labor and costs. 

[0005] The present invention has been made in view of the above problems, and it is 10 

an object thereof to provide a discharge detection system capable of distinguishing a 

discharge noise from a propagation noise without adding a low pass filter to interrupt 

such a propagation noise. 

 

Means to solve the Problems 15 

[0006] (1) To achieve the above object, a first discharge detection system of the 

present invention for detecting discharge occurred in at least one of a plurality of 

electrical circuits branched into two or more based on a noise superimposed on a 

voltage or current, the discharge detection system includes: a plurality of filter circuits 

electrically connected to each of the plurality of electrical circuits and configured to 20 

pass a noise in a predetermined frequency range; a plurality of amplifiers electrically 

connected to each of the plurality of filter circuits and configured to amplify a level of 

the noise passed through the filter circuit; and at least one processor electrically 

connected to each of the plurality of amplifiers and configured to detect occurrence of 

discharge based on the noise level amplified by the amplifier, wherein the processor is 25 

set to have an amplification factor of the amplifier and a threshold related to the noise 

level, and if a noise at a level of the threshold or more is output from each of two or 

more of the amplifiers, the processor executes process of reducing the amplification 

factor of each of the two or more amplifiers, and process of specifying any one of the 

noises by comparing the level of the noise output from each of the two or more 30 

amplifiers having the reduced amplification factor. 

[0007] (2) It is preferred that, in the discharge detection system of (1) above, in 

the process of reducing the amplification factor of each of the two or more amplifiers, 

the processor reduces each amplification factor to have the same value. 

[0008] (3) It is preferred that, in the discharge detection system of (1) or (2) 35 

above, the processor specifies the one noise with a least reduced level by comparing the 
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level of the noise output from each of the two or more amplifiers having the reduced 

amplification factor. 

[0009] (4) It is preferred that, in the discharge detection system of (1) above, in 

the process of reducing the amplification factor of each of the two or more amplifiers, 

the processor reduces each amplification factor stepwise at each predetermined time to 5 

have the same value. 

[0010] (5) It is preferred that, in the discharge detection system according to any 

one of (1) through (4) above, the processor is set to have the amplification factor, the 

threshold, 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 10 

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 the 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. 15 

[0011] (6) It is preferred that, in the discharge detection system according to any 

one of (1) through (5) above, each of the plurality of filter circuits is electrically 

connected to a corresponding one of a plurality of branch breakers constituting a 

distribution board, the processor is capable of outputting a signal to interrupt each of the 

plurality of branch breakers, and if detecting occurrence of discharge based on the level 20 

of the noise output from one of the amplifiers electrically connected to one of the filter 

circuits, the processor outputs the signal to one of the branch breakers in electrical 

connection with the one filter circuit. 

[0012] (7) To achieve the above object, a second discharge detection system of 

the present invention for detecting discharge occurred in at least one of a plurality of 25 

electrical circuits branched into two or more based on a noise superimposed on a 

voltage or current, the discharge detection system includes: a plurality of filter circuits 

electrically connected to each of the plurality of electrical circuits and configured to 

pass a noise in a predetermined frequency range; a plurality of amplifiers electrically 

connected to each of the plurality of filter circuits and configured to amplify a level of 30 

the noise passed through the filter circuit; and at least one processor electrically 

connected to each of the plurality of amplifiers and configured to detect occurrence of 

discharge based on the noise level amplified by the amplifier, wherein the processor is 

set to have an amplification factor of the amplifier, a threshold related to the noise level, 

and a determination time to determine whether discharge has occurred and the processor 35 

executes process of reducing and increasing the amplification factor of each amplifier 
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with a fixed period, process of comparing a level of the noise output from each 

amplifier having the reduced or increased amplification factor with the threshold, 

process of measuring a duration time of the noise if the noise level is the threshold or 

more, and process of determining that discharge has occurred if the duration time of the 

noise is the determination time or more. 5 

 

Effects of the Invention 

[0013] The discharge detection system of the present invention allows a discharge 

noise to be distinguished from a propagation noise without adding a low pass filter to 

interrupt such a propagation noise. 10 

 

Brief Description of the Drawings 

[0014] Fig. 1 is a schematic diagram illustrating a discharge detection system 

according to an embodiment of the present invention. 

 Fig. 2 is a schematic diagram illustrating the discharge detection system and 15 

three waveform diagrams illustrating relationship between the noise level detected by 

the discharge detection system and time. 

 Fig. 3 shows 11 waveform diagrams illustrating relationship between the noise 

level and time when the amplification factor of amplifiers constituting the discharge 

detection system is reduced to the same values. 20 

 Fig. 4 shows 11 waveform diagrams illustrating relationship between the noise 

level and time when the amplification factor of the amplifiers is reduced to the same 

values. 

 Fig. 5 is a schematic diagram illustrating the discharge detection system and 

three waveform diagrams illustrating relationship between the noise level detected by 25 

the discharge detection system and time when the power of the amplifiers is reduced to 

the same values at each predetermined time. 

 Fig. 6 is a schematic diagram illustrating the discharge detection system and 

three waveform diagrams illustrating relationship between the noise level and time 

when the power of the amplifiers is reduced to the same values at each predetermined 30 

time. 

 Fig. 7 is a schematic diagram illustrating the discharge detection system and 

two waveform diagrams illustrating relationship between the noise level and time when 

the amplification factor of the amplifiers is reduced to different values. 

 Fig. 8 is a schematic diagram illustrating a discharge detection structure in the 35 

past and four waveform diagrams illustrating relationship between the noise level 
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detected by the discharge detection structure and time. 

 

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. 5 

[0016] 1. Discharge Detection System 

 Fig. 1 illustrates a discharge detection system in the present embodiment 

electrically connected to an electrical circuit.  The discharge detection system is 

electrically connected to, for example, an electrical circuit constituting a distribution 

board.  The distribution board includes a main breaker 11, a plurality of branch 10 

breakers 12, and a bus to electrically connect them.  The main breaker 11 has a 

primary side electrically connected to an incoming line of power, not shown.  The 

main breaker 11 has a secondary side electrically connected to the bus.  To the bus, the 

plurality of branch breakers 12 are electrically connected.  Each of the plurality of 

branch breakers 12 has a secondary side is electrically connected to a branch circuit, 15 

such as indoor wiring.  To each branch circuit, a load 8 is electrically connected.  The 

load 8 operates by consuming alternating current power, which is the utility power. 

[0017] An accident, such as tracking, a short circuit, and disconnection, may occur in 

the branch circuits and the loads.  The discharge detection system in the present 

embodiment detects discharge occurred due to an accident, such as tracking, a short 20 

circuit, and disconnection.  When discharge occurs, a discharge noise at an excessive 

level is superimposed on the voltage or current in the branch circuit.  The discharge 

detection system determines whether discharge has occurred based on a duration time of 

the noise at the level of a threshold or more.  The discharge detection system also 

specifies the discharge noise by eliminating propagation noises from the subject of the 25 

determination if a plurality of noises at levels of the threshold or more are detected. 

[0018] As illustrated in Figs. 1 and 2, the discharge detection system in the present 

embodiment is configured with one main unit 5 and a plurality of subunits 3.  The 

main unit 5 includes a processor 50 and a power circuit 54.  The processor 50 includes 

a reset mechanism 51, a determination mechanism 52, and an arithmetic mechanism 55.  30 

Each of the plurality of subunits 3 includes an amplifier 31 and a filter circuit 32. 

[0019] The filter circuit 32 of each subunit 3 is configured by, for example, connecting 

a capacitor and a resistor, not shown, in parallel to the branch circuit.  The filter circuit 

32 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 35 

the resistor constituting the filter circuit 32.  The amplifier 31 amplifies the level of the 
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noise passed through the filter circuit 32 and outputs the noise to the processor 50. 

[0020] The processor 50 detects occurrence of discharge based on the noise level 

amplified by the amplifier 31.  The determination mechanism 52 determines whether 

discharge has occurred based on the duration time of the noise at the level of the 

threshold or more.  In addition, if a plurality of noises at levels of the threshold or 5 

more are detected, the determination mechanism 52 specifies the discharge noise by 

eliminating propagation noises from these noises.  The arithmetic mechanism 55 

calculates values for the determination by the determination mechanism 52.  If a 

plurality of noises at levels of the threshold or more are detected, the reset mechanism 

51 changes the value of the setting of the amplification factor (multiple) of the amplifier 10 

31.  All of the reset mechanism 51, the determination mechanism 52, and the 

arithmetic mechanism 55 are programs to cause the processor 50 to execute 

predetermined process. 

[0021] The processor 50 is electrically connected to the main breaker 11 and each 

branch breaker 12.  The processor 50 is capable of interrupting the main breaker 11 15 

and/or the branch breakers 12 by outputting a signal if detecting discharge.  The power 

circuit 54 is electrically connected to the secondary side of the main breaker 11 to 

supply the electric power to the main unit 5.  The power supplied to the main unit 5 is 

further supplied to each subunit 3. 

[0022] 2. Process for Specifying Discharge Noise 20 

 A description is then given to process for specifying a discharge noise executed 

by the processor 50 of the main unit 5.  As described above, the determination 

mechanism 52 of the processor 50 determines whether discharge has occurred based on 

the duration time of the noise at the level of the threshold or more.  However, as 

illustrated in Fig. 2, if discharge occurs in a load 8a connected to any one of the 25 

plurality of branch circuits, a discharge noise associated with the discharge sometimes 

propagates to a plurality of branch breakers 12, causing the amplifiers 31 of the plurality 

of subunits 3 to output noises at levels of the threshold or more.  In such a case, the 

processor 50 executes process of specifying the discharge noise by eliminating 

propagation noises from the plurality of noises at the levels of the threshold or more. 30 

[0023] 2.1 Specification of Discharge Noise based on Reduced Amount of Noise 

Level 

 When the amplification factor of each amplifier 31 having output the noise at 

the level of the threshold or more is reduced, the processor 50 is capable of specifying 

the noise with the least reduced level as the discharge noise. 35 

[0024] In the three waveform diagrams of Fig. 2, the discharge noise occurred in the 
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load 8a has an excessive level.  The amplifier 31 corresponding to the load 8a thus 

outputs a noise at a level more than the threshold even when the amplification factor is 

reduced from 10 times to 5 times.  Meanwhile, the amplifier 31 corresponding to each 

of the loads 8b through 8h outputs a propagation noise due to the discharge noise.  The 

level of the propagation noise is attenuated more with increasing distance from the 5 

source of the discharge noise.  For example, the amplifier 31 corresponding to the load 

8b closest to the source of the discharge noise outputs a noise at a level more than the 

threshold when the amplification factor is set at 10 times.  The amplifier 31 

corresponding to the load 8h most distant from the source of the discharge noise outputs 

a noise at a level less than the threshold when the amplification factor is set at 10 times. 10 

[0025] As illustrated in Fig. 3, the discharge noise output from the amplifier 31 

corresponding to the load 8a has a less reduced level when the amplification factor is 

reduced from 5 times to 2 times and 1 time, and has a level more than the threshold 

even when the amplification factor is set at 1 time.  In contrast, the propagation noise 

output from the amplifier 31 corresponding to the load 8b has a more reduced level 15 

when the amplification factor is reduced from 10 times to 5 times, 2 times, and 1 time, 

and has a level less than the threshold when the amplification factor is 2 times and 1 

time.  It should be noted that the processor 50 is set to have four thresholds 

corresponding to each of the amplification factors of 10 times, 5 times, 2 times, and 1 

time and a smaller threshold is used with reduction in the amplification factor. 20 

[0026] As described above, the processor 50 is capable of specifying which noise is 

the discharge noise by reducing the amplification factor of the amplifier 31 

corresponding to each of the loads 8a through 8h to compare the reduced amount of the 

level of the noise output from each amplifier 31.  For example, the processor 50 may 

specify which noise is the discharge noise by reducing the amplification factor of the 25 

two amplifiers 31 corresponding to the loads 8a and 8b outputting the noises at the 

levels of the threshold or more.  As indicated by a broken line in Fig. 3, the level of the 

noise output from the amplifier 31 corresponding to the load 8a is less reduced than the 

level of the noise output from the amplifier 31 corresponding to the load 8b.  As a 

result, the processor 50 determines that the noise output from the amplifier 31 30 

corresponding to the load 8a is the discharge noise. 

[0027] The processor 50 then determines that discharge has occurred when the 

duration time of the discharge noise reaches a preset determination time (e.g., 500 ms) 

or more.  Based on the result of the determination, the processor 50 detects occurrence 

of discharge.  The processor 50 having detected the occurrence of discharge executes, 35 

for example, process for interrupting the branch breaker 12 to which the load 8a is 
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electrically connected, process for issuing an alarm, and the like.  Moreover, the 

processor 50 is also capable of reporting that discharge has occurred in the branch 

circuit to which the subunit 3 corresponding to the load 8a is electrically connected, that 

is, the source of discharge. 

[0028] 2.2 Specification of Discharge Noise based on Magnitude of Noise Level 5 

 The processor 50 is capable of specifying the noise at the highest level as the 

discharge noise when the amplification factor of each of the plurality of amplifiers 31 

outputting the noises at the levels of the threshold or more is reduced to the same value. 

[0029] For example, as indicated by a broken line in Fig. 4, the processor 50 

uniformly reduces the amplification factor of the amplifier 31 corresponding to each of 10 

the loads 8a through 8h to 1 time and measures the level of the noise output from each 

amplifier 31.  As a result, the processor 50 determines that the noise output from the 

amplifier 31 corresponding to the load 8a at the highest level as the discharge noise. 

[0030] The processor 50 then determines that discharge has occurred when the 

duration time of the discharge noise reaches a preset determination time (e.g., 500 ms) 15 

or more.  Based on the result of the determination, the processor 50 detects occurrence 

of discharge.  The processor 50 having detected the occurrence of discharge executes, 

for example, process for interrupting the branch breaker 12 to which the load 8a is 

electrically connected, process for issuing an alarm, and the like.  Moreover, the 

processor 50 is also capable of reporting that discharge has occurred in the branch 20 

circuit to which the subunit 3 corresponding to the load 8a is electrically connected, that 

is, the source of discharge. 

[0031] 2.3 Process of Reducing Amplification Factor at Each Predetermined Time 

 In the process of reducing the amplification factor of each of the plurality of 

amplifiers 31, the processor 50 may reduce the amplification factor of each amplifier 31 25 

stepwise at each predetermined time to have the same value. 

[0032] For example, as illustrated in the three waveform diagrams of Fig. 5, the 

processor 50 reduces the amplification factor of the amplifier 31 corresponding to each 

of the loads 8a through 8h stepwise from 20 times to 10 times, 5 times, and 2 times at 

each 1 ms and measures the noise level amplified with each amplification factor.  30 

When the measurement of the noise level with an amplification factor of 2 times is 

completed, the amplification factor of the amplifier 31 corresponding to each of the 

loads 8a through 8h is increased again from 2 times to 20 times and reduced stepwise 

from 20 times to 10 times, 5 times, and 2 times at each 1 ms.  The processor 50 

determines that the noise at the levels more than the threshold with any of the 35 

amplification factors of 20 times, 10 times, 5 times, and 2 times is the discharge noise.  
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As another example, the processor 50 is also capable of determining which noise is the 

discharge noise by comparing the noise level amplified with an amplification factor of 

any of 20 times, 10 times, 5 times, and 2 times.  It is possible to detect occurrence of 

instantaneous discharge by reducing the amplification factor of the amplifier 31 at each 

short period of time, such as 1 ms. 5 

[0033] The processor 50 may calculate a total value or average value of the noise level 

amplified with each amplification factor of 20 times, 10 times, 5 times, and 2 times and 

compare the level of the noise output from the amplifier 31 corresponding to each of the 

loads 8a through 8h.  In this case, the processor 50 determines that the noise having the 

largest total value or average value is the discharge noise.  The calculation and 10 

comparison of the total value or average value of the noise level allow reduction in the 

number of determinations for specifying the discharge noise, causing reduction in the 

time until specifying the discharge noise.  As a result, it becomes possible to detect 

discharge ending in a relatively short period of time. 

[0034] For example, as illustrated in the three waveform diagrams of Fig. 6, the 15 

processor 50 may reduce the amplification factor of the amplifier 31 corresponding to 

each of the loads 8a through 8h stepwise from 20 times to 10 times, 5 times, and 2 times 

at each 5 ms and measure the noise level amplified with each amplification factor.  In 

this case, the amplification factor is increased from 2 times to 20 times with a period of 

20 ms and measurement of the noise level amplified with the amplification factors of 20 20 

times, 10 times, 5 times, and 2 times is repeated.  The processor 50 may calculate a 

total value or average value of the noise level amplified with each amplification factor 

of 20 times, 10 times, 5 times, and 2 times and compare the level of the noise output 

from the amplifier 31 corresponding to each of the loads 8a through 8h.  In this case, 

the processor 50 determines that the noise having the largest total value or average 25 

value is the discharge noise. 

[0035] In the embodiment illustrated in Fig. 6, the amplification factor of the 

amplifiers 31 is reduced in four steps of 20 times, 10 times, 5 times, and 2 times while 

the amplification factor of the amplifiers 31 may be reduced in three steps, two steps, or 

five steps or more. 30 

[0036] The above process of reducing the amplification factor of the amplifiers 31 

stepwise at each predetermined time and measuring the noise level may be executed 

only on the two or more amplifiers 31 outputting the noises at the levels of the threshold 

or more.  As another example, the process may be executed on all the amplifiers 31 in 

the timing before the processor 50 detects the noises at the levels of the threshold or 35 

more.  Moreover, the maximum value of the amplification factor of the amplifiers 31 
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may be a value reset in a learning mode described later. 

[0037] 3. Change in Value of Settings in Learning Mode 

 The discharge detection system is intended to detect discharge occurred by an 

accident, such as tracking, a short circuit, and disconnection.  However, some of the 

loads 8a through 8h continuously generate the noises at the levels of the threshold or 5 

more set in the processor 50.  For example, fluorescent lamps sometimes continuously 

generate noises at levels more than the threshold for a while after being turned on.  

Thus, discharge detection systems turn out to make an erroneous determination that 

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

[0038] For this reason, as the discharge detection system illustrated in Fig. 7, the 10 

processor 50 includes a learning mechanism 53 for executing the learning mode.  The 

learning mechanism 53 is a program to cause the processor 50 to execute process in the 

learning mode.  The processor 50 is set to have the amplification factor, the threshold, 

and the determination time to determine whether discharge has occurred.  The 

processor 50 in the learning mode executes process of sampling noises at the levels of 15 

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.  As a result, the 

discharge detection sensitivity of the processor 50 is corrected to a higher or lower 20 

level. 

[0039] 3.1 Resetting of Amplification Factor 

 If a noise is detected at the level of the threshold or more due to normal 

operation of the loads 8a through 8h, the learning mode is executed to reset the value of 

the amplification factor of the amplifiers 31 corresponding to the loads 8a through 8h.  25 

The two waveform diagrams in Fig. 7 illustrate the levels of the noises generated by 

normal operation of the loads 8a and 8b.  Both noises have levels more than a first 

threshold preset in the processor 50.  The first threshold is a determination criterion for 

the processor 50 to determine occurrence of discharge.  The processor 50 determines 

that discharge has occurred when the duration time of the noise at the level of the first 30 

threshold or more reaches the determination time or more.  Thus, the noises of the 

loads 8a and 8b illustrated in Fig. 7 have a risk of causing the processor 50 to make 

erroneous determinations. 

[0040] The processor 50 executes the learning mode based on a signal output from an 

operation section, such as a switch, a button, and a touch screen, not shown.  The 35 

processor 50 in the learning mode samples a noise at the first threshold or more output 
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from each of the amplifiers 31 corresponding to the loads 8a through 8h.  The 

processor 50 executes the process of reducing the amplification factor of any of the 

amplifiers 31 if the level of the noise output from the amplifiers 31 is the first threshold 

or more.  For example, as illustrated in Fig. 7, the amplification factor of the amplifier 

31 corresponding to the load 8a is reduced from 20 times to 5 times.  As another 5 

example, the amplification factor of the amplifier 31 corresponding to the load 8b is 

reduced from 20 times to 10 times. 

[0041] The processor 50 then compares the level of the noise output from the 

amplifier 31 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 10 

mechanism 51.  The second threshold is preferably set to a value that cannot exceed 

the noise level of any of the loads 8a through 8h.  If the noise level is the second 

threshold or more, the processor 50 reduces the amplification factor of the amplifier 31 

again and compares the noise level with the second threshold.  Meanwhile, if the noise 

level is less than the second threshold, the processor 50 terminates the process of 15 

reducing the amplification factor of the amplifier 31.  Due to the above-described 

process of resetting the amplification factor, the noise levels of the loads 8a and 8b 

illustrated in Fig. 7 are reduced to substantially less than the first threshold used for 

determinations of occurrence of discharge.  Accordingly, the noises of the loads 8a and 

8b do not cause an erroneous determination of occurrence of discharge.  This allows 20 

the processor 50 to accurately detect only occurrence of discharge while ignoring the 

noises of the loads 8a and 8b. 

[0042] 3.2 Learning Period 

 In the learning mode, the learning period is set for sampling the noises at the 

levels of the threshold or more by the processor 50.  The length of the learning period 25 

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 detection system 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 30 

setting of the determination time by executing the sampling by the processor 50 on 

weekdays and holidays and sampling noises from various devices operating in the 

factory without omission. 

[0043] For example, the learning period may be a combination of a day and hours.  

In this case, the processor 50 executes the process of sampling noises at levels more 35 

than the threshold for given hours (e.g., from 9:00 to 17:00) in a day.  As another 
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example, the learning period may be a combination of a week and hours.  In this case, 

the processor 50 executes the sampling of noises at levels more than the threshold for 

given hours every day in the week.  As still another example, the learning period may 

be a combination of a month, weeks, days, and hours.  In this case, the processor 50 

executes the sampling of noises at levels more than the threshold for given hours on 5 

given days every week in the month. 

[0044] It should be noted that the learning mode is initiated by manually operating the 

operation section, not shown.  For example, if the learning period is set in a length of 

hours (e.g., 1 hour), the processor 50 immediately executes the sampling of noises at 

levels more than the threshold based on the signal from the operation section.  As 10 

another example, if a start time and an end time are set for the learning period, the 

processor 50 executes the sampling of noises at levels more than the threshold at a 

preset start time (e.g., 9:00) based on the signal from the operation section. 

[0045] 3.3 Operation Section 

 The operation section for causing the processor 50 to execute the learning 15 

mode has a configuration that is not particularly limited and may be, for example, a 

simple switch or button.  The operation section may also be configured with a plurality 

of switches or buttons.  In this case, a function of initializing the reset value of the 

amplification factor of the amplifiers 31 to the initial values of the settings before 

shipment from the factory may be assigned to any of the plurality of switches or 20 

buttons.  Moreover, the operation section may be configured with a touch screen to 

display images of such a plurality of switches or buttons. 

[0046] 3.4 Upper Limit of Duration Time 

 In the learning mode, the processor 50 does not determine occurrence of 

discharge by comparing the duration time of the noise with the determination time.  In 25 

the learning mode, an upper limit is thus set on the duration time of the noise measured 

by the processor 50.  The processor 50 determines that discharge has occurred if the 

value of the duration time of the noise at the level of the threshold or more exceeds the 

preset upper limit.  Based on the result of the determination, the processor 50 detects 

occurrence of discharge.  The processor 50 having detected the occurrence of 30 

discharge executes, for example, process for interrupting the branch breaker 12 to which 

the load 8a or 8b is electrically connected, process for issuing an alarm, and the like. 

[0047] 4. Others 

 The discharge detection system of the present invention is not limited to the 

embodiment described above.  For example, in the embodiment described above, the 35 

processor 50 determines whether discharge has occurred based on the noise 
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superimposed on the voltage.  However, the processor 50 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). 5 

[0048] For example, the plurality of amplifiers 31 may be configured to be built in the 

main unit 5, not in the subunits 3.  As another example, the subunits 3 are not limited 

to the configuration in the present embodiment where they are connected to the 

secondary side of the branch breakers 12 in series.  For example, the subunits 3 may be 

connected to the primary side of the branch breakers 12 in series or may be connected to 10 

either one of the primary side or the secondary side of the branch breakers 12 in 

parallel. 

 

Description of Reference Numerals 

[0049] 15 

3 Subunit 

5 Main Unit 

8, 8a-8h Load 

12 Branch Breaker 

31 Amplifier 20 

50 Processor 

51 Reset Mechanism 

52 Determination Mechanism 

53 Learning Mechanism 

54 Power Circuit 25 

55 Arithmetic Mechanism 
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CLAIMS 

 

1. A discharge detection system for detecting discharge occurred in at least one of 

a plurality of electrical circuits branched into two or more based on a noise 

superimposed on a voltage or current, the discharge detection system comprising: 5 

 a plurality of filter circuits electrically connected to each of the plurality of 

electrical circuits and configured to pass a noise in a predetermined frequency range; 

 a plurality of amplifiers electrically connected to each of the plurality of filter 

circuits and configured to amplify a level of the noise passed through the filter circuit; 

and 10 

 at least one processor electrically connected to each of the plurality of 

amplifiers and configured to detect occurrence of discharge based on the noise level 

amplified by the amplifier, wherein 

 the processor is set to have an amplification factor of the amplifier and a 

threshold related to the noise level, and 15 

 if a noise at a level of the threshold or more is output from each of two or more 

of the amplifiers, the processor executes 

  process of reducing the amplification factor of each of the two or more 

amplifiers, and 

  process of specifying any one of the noises by comparing the level of 20 

the noise output from each of the two or more amplifiers having the reduced 

amplification factor. 

2. The discharge detection system according to Claim 1, wherein, in the process 

of reducing the amplification factor of each of the two or more amplifiers, the processor 

reduces each amplification factor to have the same value. 25 

3. The discharge detection system according to Claim 1 or 2, wherein the 

processor specifies the one noise with a least reduced level by comparing the level of 

the noise output from each of the two or more amplifiers having the reduced 

amplification factor. 

4. The discharge detection system according to Claim 1, wherein, in the process 30 

of reducing the amplification factor of each of the two or more amplifiers, the processor 

reduces each amplification factor stepwise at each predetermined time to have the same 

value. 

5. The discharge detection system according to any one of Claims 1 through 4, 

wherein 35 

 the processor is set to have the amplification factor, the threshold, and a 
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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 the level of 5 

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. 

6. The discharge detection system according to any one of Claims 1 through 5, 10 

wherein 

 each of the plurality of filter circuits is electrically connected to a 

corresponding one of a plurality of branch breakers constituting a distribution board, 

 the processor is capable of outputting a signal to interrupt each of the plurality 

of branch breakers, and 15 

 if detecting occurrence of discharge based on the level of the noise output from 

one of the amplifiers electrically connected to one of the filter circuits, the processor 

outputs the signal to one of the branch breakers in electrical connection with the one 

filter circuit. 

7. A discharge detection system for detecting discharge occurred in at least one of 20 

a plurality of electrical circuits branched into two or more based on a noise 

superimposed on a voltage or current, the discharge detection system comprising: 

 a plurality of filter circuits electrically connected to each of the plurality of 

electrical circuits and configured to pass a noise in a predetermined frequency range; 

 a plurality of amplifiers electrically connected to each of the plurality of filter 25 

circuits and configured to amplify a level of the noise passed through the filter circuit; 

and 

 at least one processor electrically connected to each of the plurality of 

amplifiers and configured to detect occurrence of discharge based on the noise level 

amplified by the amplifier, wherein 30 

 the processor is set to have an amplification factor of the amplifier, a threshold 

related to the noise level, and a determination time to determine whether discharge has 

occurred and 

 the processor executes 

  process of reducing and increasing the amplification factor of each 35 

amplifier with a fixed period, 
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  process of comparing a level of the noise output from each amplifier 

having the reduced or increased amplification factor with the threshold, 

  process of measuring a duration time of the noise if the noise level is 

the threshold or more, and 

 process of determining that discharge has occurred if the duration time of the 5 

noise is the determination time or more. 


