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DESCRIPTION

TITLE OF INVENTION: DISCHARGE DETECTION DEVICE

Technical Field

[0001] The present invention relates to a discharge detector.

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

Document 1) discloses a discharge detection structure to detect discharge occurred in

electrical circuits. This discharge detection structure is built in, for example, a branch
breaker configuring a distribution board to be electrically connected to an electrical
circuit, such as indoor wirings. The electrical circuit is electrically connected to a
load, not shown. The load refers to a device that operates by consuming power, such
as a lighting fixture, a display, an air conditioner, and a refrigerator, for example. The
discharge detection structure is provided with a low pass filter section, a high pass filter
section, a determination section, and a cutoff section. The low pass filter section is
electrically connected to the secondary side of make-and-break switches configuring the
branch breaker. The high pass filter section is electrically connected to the secondary
side of the low pass filter section. The determination section is electrically connected
to a detection section configuring the high pass filter section. The cutoff section is
electrically connected to the determination section. If an accident, such as tracking, a
short circuit, disconnection, and a leakage current, occurs in the electrical circuit or the
load, discharge takes place between electric wires or between electrodes.  If discharge
occurs, a noise is superimposed on the voltage or current in the electrical circuit. The
high pass filter section detects noises in a high frequency band superimposed on the
voltage or current. The determination section determines whether discharge has
occurred based on the noise detected by the high pass filter section. If determining
that discharge has occurred, the cutoff section sends a signal to the make-and-break
switches of the branch breakers and changes the make-and-break switches from a closed
state to an open state to interrupt the branch breakers. Meanwhile, the low pass filter
section prevents propagation of a noise of discharge occurred in an electrical circuit
electrically connected to one branch breaker to the discharge detection structure built in

another branch breaker.

Prior Art Documents
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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] The conventional discharge detection structure disclosed in Japanese Patent
Application Kokai Publication No. 2019-184480 is built in one branch breaker and
detects a noise of discharge occurred in an electrical circuit electrically connected to the
secondary side of the one branch breaker. The low pass filter section prevents
propagation of the noise to each other within the discharge detection structures
respectively built in a plurality of branch breakers. Thus, a determination result
“discharge has occurred” of the determination section means that discharge has occurred
in one electrical circuit electrically connected to the secondary side of a specific branch
breaker.

[0005] In such a discharge detection structure in the past, however, it is a premise that
the power transmission system of the power source supplied to the distribution board is
a single phase alternating current. If the power transmission system of the power
source is a three-phase alternating current, the determination section is not capable of
specifying one electrical circuit where discharge has occurred. That is, if the power
transmission system of the power source is a single phase alternating current, a
discharge noise superimposed on the power source appears before and after the peak
value in one waveform of the alternating current. However, if the power transmission
system of the power source is a three-phase alternating current, for example if it is a
three-phase three-wire system, a noise of discharge occurred in one electrical circuit
electrically connected to any one phase-connection between the R phase - the S phase,
between the S phase - the T phase, or between the T phase - the R phase propagates to
other electrical circuits electrically connected to the respective other two phase-
connections. The low pass filter section is not capable of preventing propagation of
the noise from the one phase-connection to the other two phase-connections. The
discharge noise thus appears before and after the peak value of the alternating waveform
of each of the connections between the R phase - the S phase, between the S phase - the
T phase, and between the T phase - the R phase. The determination section is thus not
capable of specifying which connection between the R phase - the S phase, between the
S phase - the T phase, or between the T phase - the R phase is the source of the

discharge.
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[0006] In this situation, it is considered to provide each of the connections between the
R phase - the S phase, between the S phase - the T phase, and between the T phase - the
R phase with the discharge detection structure in the past. The three discharge
detection structures allow determination whether discharge has occurred in each of the
three waveforms of the three-phase alternating current. Moreover, if each of the three
discharge detection structures determines that “discharge has occurred”, it is possible to
specify which connection between the R phase - the S phase, between the S phase - the
T phase, or between the T phase - the R phase is the source of the discharge by
comparing the discharge noise detected by each of the three discharge detection
structures. However, such a device is not practical due to the too many components
because the device requires the three discharge detection structures and at least one
arithmetic section to compare discharge noises detected by the discharge detection
structures.

[0007] The present invention has been made in view of the above problems, and it is
an object thereof to provide a discharge detector allowing one determination section to
determine whether discharge has occurred in electrical circuits of a three-phase

alternating current and to specify a source of the discharge.

Means to solve the Problems

[0008] (1) To achieve the above object, a discharge detector of the present
invention for detecting occurrence of discharge based on a noise in a high frequency
band superimposed on an alternating current power source supplied from a power
circuit of a three-phase alternating current, the discharge detector includes: at least one
filter section electrically connected between two phases out of a first phase, a second
phase, and a third phase of the power circuit and configured to extract a predetermined
frequency component from the alternating current power source, an amplification
section configured to amplify an output of the filter section, a smoothing section
configured to smooth an output of the amplification section, a phase angle setting
section configured to set a starting point of noise measurement for each connection
between the first phase - the second phase, between the second phase - the third phase,
and between the third phase - the first phase, a phase division section configured to
define a plurality of domains by dividing one cycle of a voltage waveform or a current
waveform of each connection between the first phase - the second phase, between the
second phase - the third phase, and between the third phase - the first phase based on the
starting point of noise measurement, and a determination section configured to detect a

noise at a predetermined frequency included in an output of the smoothing section,
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configured to specify at least one domain coincident with a timing of detecting the noise
out of the plurality of domains defined by the phase division section, and configured to
specify which connection between the first phase - the second phase, between the
second phase - the third phase, or between the third phase - the first phase is a source of
the noise.

[0009] (2) It is preferred that, in the discharge detector of (1) above, the phase
angle setting section determines a first starting point of noise measurement based on the
voltage waveform or the current waveform of any one phase-connection between the
first phase - the second phase, between the second phase - the third phase, or between
the third phase - the first phase, and determines second and third starting points of noise
measurement for the other two phase-connections based on the first starting point of
noise measurement and a shift in a phase angle of the voltage waveform or the current
waveform of each connection between the first phase - the second phase, between the
second phase - the third phase, and between the third phase - the first phase.

[0010] (3) It is preferred that, in the of (1) above, the phase angle setting section
determines the starting point of noise measurement for each connection between the
first phase - the second phase, between the second phase - the third phase, and between
the third phase - the first phase based on the voltage waveform or the current waveform
of each of these three phase-connections.

[0011] (4) It is preferred that, in the of (1) above, the phase division section
defines a peak time domain including time before and after a peak value and a zero
cross time domain including time before and after a 0 value for the one cycle of the
voltage waveform or the current waveform of each connection between the first phase -
the second phase, between the second phase - the third phase, and between the third
phase - the first phase, and the determination section calculates a value of a difference
between a first output of the smoothing section in the peak time domain and a second
output of the smoothing section in the zero cross time domain, and if the difference
value is a first threshold or more, determines that discharge has occurred and specifies
which connection between the first phase - the second phase, between the second phase
- the third phase, or between the third phase - the first phase is a source of the discharge.
[0012] (5) It is preferred that, in the of (1) above, the phase division section
defines a peak time domain including time before and after a peak value for the one
cycle of the voltage waveform or the current waveform of each connection between the
first phase - the second phase, between the second phase - the third phase, and between
the third phase - the first phase, and the determination section specifies, if the timing of

detecting the noise is coincident with the peak time domain, which connection between
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the first phase - the second phase, between the second phase - the third phase, or
between the third phase - the first phase is the source of the noise.

[0013] (6) It is preferred that, in the of (4) above, the determination section
determines whether the second output of the smoothing section in the zero cross time
domain is a second threshold or more, the second threshold being a value smaller than
the first threshold, and if the second output is the second threshold or more, reports that
it is not possible to determine whether discharge has occurred.

[0014] (7) It is preferred that, in the of (4) above, the determination section
determines whether the second output of the smoothing section in the zero cross time
domain is a second threshold or more, the second threshold being a value smaller than
the first threshold, and if the second output is the second threshold or more, reduces an

amplification factor of the amplification section.

Effects of the Invention
[0015] The discharge detector of the present invention has the one determination
section capable of determining whether discharge has occurred in an electrical circuit of

the three-phase alternating current and capable of specifying the source of the discharge.

Brief Description of the Drawings

[0016] Fig. 1 is a schematic diagram illustrating a three-phase three-wire electrical
circuit provided with a discharge detector according to a first embodiment of the present
invention.

Fig. 2 is a schematic diagram illustrating that discharge has occurred in an
electrical circuit electrically connected between the S phase - the T phase in Fig. 1.

Fig. 3A illustrates respective voltage waveforms between the R phase - the S
phase, between the S phase - the T phase, and between the T phase - the R phase. Fig.
3B illustrates an output waveform of a filter section electrically connected between the
R phase - the S phase. Fig. 3C illustrates an output waveform of a filter section
electrically connected between the S phase - the T phase. Fig. 3D illustrates an output
waveform of a filter section electrically connected between the T phase - the R phase.

Fig. 4A illustrates respective voltage waveforms between the R phase - the S
phase, between the S phase - the T phase, and between the T phase - the R phase. Fig.
4B illustrates an output waveform of the filter section electrically connected between
the R phase - the S phase. Fig. 4C illustrates an output waveform of the filter section
electrically connected between the S phase - the T phase. Fig. 4D illustrates an output

waveform of the filter section electrically connected between the T phase - the R phase.
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Three broken lines in Figs. 4A through 4D indicate respective starting points of noise
measurement between the R phase - the S phase, between the S phase - the T phase, and
between the T phase - the R phase.

Fig. 5A illustrates respective voltage waveforms between the R phase - the S
phase, between the S phase - the T phase, and between the T phase - the R phase. Fig.
5B illustrates an output waveform of the filter section electrically connected between
the R phase - the S phase. Fig. 5C illustrates an output waveform of the filter section
electrically connected between the S phase - the T phase. Fig. 5D illustrates an output
waveform of the filter section electrically connected between the T phase - the R phase.
Three broken lines in Figs. SA through 5D indicate respective starting points of noise
measurement between the R phase - the S phase, between the S phase - the T phase, and
between the T phase - the R phase.

Fig. 6A illustrates respective voltage waveforms between the R phase - the S
phase, between the S phase - the T phase, and between the T phase - the R phase. Fig.
6B illustrates an output waveform of the filter section electrically connected between
the R phase - the S phase. Fig. 6C illustrates an output waveform of the filter section
electrically connected between the S phase - the T phase. Fig. 6D illustrates an output
waveform of the filter section electrically connected between the T phase - the R phase.
Three broken lines in Figs. 6A through 6D indicate respective starting points of noise
measurement between the R phase - the S phase, between the S phase - the T phase, and
between the T phase - the R phase. Fig. 6E illustrates the relationship between the
output waveform in Fig. 6B and peak time domains A, A’ and zero cross time domains
B, B’ of the voltage waveform between the R phase - the S phase. Fig. 6F illustrates
the relationship between the output waveform in Fig. 6C and peak time domains A, A’
and zero cross time domains B, B’ of the voltage waveform between the S phase - the T
phase. Fig. 6G illustrates the relationship between the output waveform in Fig. 6D and
peak time domains A, A’ and zero cross time domains B, B’ of the voltage waveform
between the T phase - the R phase.

Fig. 7A illustrates the relationship between the output waveform of the filter
section electrically connected between the R phase - the S phase and the peak time
domains A, A’ and the zero cross time domains B, B’ of the voltage waveform between
the R phase - the S phase. Fig. 7B illustrates the relationship between the output
waveform of the filter section electrically connected between the S phase - the T phase
and the peak time domains A, A’ and the zero cross time domains B, B’ of the voltage
waveform between the S phase - the T phase. Fig. 7C illustrates the relationship

between the output waveform of the filter section electrically connected between the T
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phase - the R phase and the peak time domains A, A’ and the zero cross time domains B,
B’ of the voltage waveform between the T phase - the R phase. Fig. 7D is a table
illustrating the relationship between time t and the peak time domains A, A’ and the zero
cross time domains B, B’ in each of Figs. 7A, 7B, and 7C.

Fig. 8A illustrates the relationship between the output waveform of the filter
section electrically connected between the R phase - the S phase and the peak time
domains A, A’ and the zero cross time domains B, B’ of the voltage waveform between
the R phase - the S phase, and the output waveform includes continuously detected
discharge noises. Fig. 8B illustrates the relationship between the output waveform of
the filter section electrically connected between the S phase - the T phase and the peak
time domains A, A’ and the zero cross time domains B, B’ of the voltage waveform
between the S phase - the T phase, and the output waveform includes continuously
detected discharge noises. Fig. 8C illustrates the relationship between the output
waveform of the filter section electrically connected between the T phase - the R phase
and the peak time domains A, A’ and the zero cross time domains B, B’ of the voltage
waveform between the T phase - the R phase, and the output waveform includes
continuously detected discharge noises.

Fig. 9 illustrates the relationship between the output waveform of the filter
section electrically connected between the S phase - the T phase and the peak time
domains A, A’ and the zero cross time domains B, B’ of the voltage waveform between
the S phase - the T phase, and the output waveform includes continuously detected
discharge noises.

Fig. 10A illustrates the respective voltage waveforms between the R phase - the
S phase, between the S phase - the T phase, and between the T phase - the R phase.

Fig. 10B illustrates the relationship between a second threshold, the output waveform of
the filter section electrically connected between the R phase - the S phase, and the peak
time domains A, A’ and the zero cross time domains B, B’ of the voltage waveform
between the R phase - the S phase. Fig. 10C illustrates the relationship between the
second threshold, the output waveform of the filter section electrically connected
between the S phase - the T phase, and the peak time domains A, A’ and the zero cross
time domains B, B’ of the voltage waveform between the S phase - the T phase. Fig.
10D illustrates the relationship between the second threshold, the output waveform of
the filter section electrically connected between the T phase - the R phase, and the peak
time domains A, A’ and the zero cross time domains B, B’ of the voltage waveform
between the T phase - the R phase. Fig. 10E illustrates the relationship between the
output waveform in Fig. 10B, the second threshold, and a third threshold. Fig. 10F
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illustrates the relationship between the output waveform in Fig. 10C, the second
threshold, and the third threshold. Fig. 10G illustrates the relationship between the
output waveform in Fig. 10D, the second threshold, and the third threshold.

Fig. 11A illustrates the relationship between the output waveform of the filter
section electrically connected between the R phase - the S phase and the peak time
domains A, A’ of the voltage waveform between the R phase - the S phase. Fig. 11B
illustrates the relationship between the output waveform of the filter section electrically
connected between the S phase - the T phase and the peak time domains A, A’ of the
voltage waveform between the S phase - the T phase. Fig. 11C illustrates the
relationship between the output waveform of the filter section electrically connected
between the T phase - the R phase and the peak time domains A, A’ of the voltage
waveform between the T phase - the R phase. Fig. 11D is a table illustrating the
relationship between the time t and the peak time domains A, A’ in each of Figs. 11A,
11B, and 11C.

Fig. 12A is a schematic diagram illustrating a three-phase three-wire electrical
circuit provided with a discharge detector according to a second embodiment of the
present invention. Fig. 12B illustrates the voltage waveform between the R phase - the
S phase and the output waveform of the filter section electrically connected between the
R phase - the S phase. Fig. 12C is a logical table defining the relationship between
time t, peak time domains A, A’, and zero cross time domains B, B’ of the voltage
waveform of each of the connections between the R phase - the S phase, between the S

phase - the T phase, and the T phase - the R phase.

Modes for Carrying Out the Invention

[0017] 1. Discharge Detector according to First Embodiment

Fig. 1 illustrates a three-phase three-wire electrical circuit electrically
connected to a discharge detector 1 according to the first embodiment of the present
invention. The electrical circuit illustrated in Fig. 1 is configured with a delta
connected power circuit delta connected three loads, and the discharge detector 1 in the
present embodiment. The power circuit is provided with an R phase voltage line, an S
phase voltage line, and a T phase voltage line. To the respective voltage lines of the R
phase, the S phase, and the T phase, a 200 V alternating current power source with a
phase angle each shifted 120°, for example, is supplied. The alternating current power
source is supplied to the delta connected three loads via three electric wires. Each of
the three loads is electrically connected to any one connection between the R phase - the

S phase, between the S phase - the T phase, or between the T phase - the R phase. The



10

15

20

25

30

35

discharge detector 1 in the present embodiment is configured with three filter sections
21, an amplification section 22, a phase angle setting section 23, a phase division
section 24, a smoothing section 25, and a determination section 26.
[0018] 1.1 Filter Section

Each of the three filter sections 21 illustrated in Fig. 1 is electrically connected
to any one connection between the R phase - the S phase, between the S phase - the T
phase, or between the T phase - the R phase. The filter section 21 is, for example, an
RC circuit and has a configuration where a capacitor and a resistor are connected in
series. For example, if discharge occurs in an indoor wiring or a load, a high
frequency noise is superimposed on the alternating current power source. The filter
section 21 passes, without attenuation, frequency components higher than a cutoff
frequency. The noises in a high frequency band are thus detected that are
superimposed on the voltage or current of the alternating current power source.
[0019] In this situation, noise propagation in the case that discharge occurs in a three-
phase three-wire electrical circuit is described with reference to Fig. 2 and Figs. 3A
through 3D. Asillustrated in Fig. 2, it is assumed that discharge has occurred in, for
example, the electrical circuit electrically connected between the S phase - the T phase.
The noise occurred by the discharge is superimposed on the voltage waveform between
the S phase - the T phase illustrated in Fig. 3A and appear before and after the peak
value of the voltage waveform. The noise is detected by the filter section 21
electrically connected to the voltage waveform between the S phase - the T phase. Fig.
3C illustrates the output waveform of the filter section 21 electrically connected to the
voltage waveform between the S phase - the T phase. The output waveform in Fig. 3C
is equivalent to two cycles of the voltage waveform and includes two noises.
[0020] In the three-phase three-wire electrical circuit, a noise of discharge occurred in
one electrical circuit electrically connected to any one phase-connection between the R
phase - the S phase, between the S phase - the T phase, or between the T phase - the R
phase propagates to other electrical circuits electrically connected respectively to the
other two phase-connections. The noise of discharge between the S phase - the T
phase illustrated in Fig. 3C thus propagates to the other electrical circuits electrically
connected respectively between the R phase - the S phase and between the T phase - the
R phase and is superimposed on the respective voltage waveforms between the R phase
- the S phase and between the T phase - the R phase. The noise superimposed on the
voltage waveform between the R phase - the S phase is detected by the filter section 21
electrically connected between the R phase - the S phase. The noise superimposed on

the voltage waveform between the T phase - the R phase is detected by the filter section



10

15

20

25

30

35

- 10 -

21 electrically connected between the T phase - the R phase. Fig. 3B illustrates the
output waveform of the filter section 21 electrically connected to the voltage waveform
between the R phase - the S phase. Fig. 3D illustrates the output waveform of the filter
section 21 electrically connected to the voltage waveform between the T phase - the R
phase. The output waveforms both in Figs. 3B and 3D also include two noises
corresponding to the output waveform in Fig. 3C.
[0021] The discharge detector 1 in the present embodiment is capable of specifying, if
each of the three filter sections 21 detects a noise by propagation of the noise occurred
by discharge, which connection between the R phase - the S phase, between the S phase
- the T phase, or between the T phase - the R phase is the source of the discharge. The
source of the discharge is mainly specified by the phase angle setting section 23, the
phase division section 24, and the determination section 26. The phase angle setting
section 23, the phase division section 24, and the determination section 26 are detailed
later.
[0022] 1.2 Amplification Section

The amplification section 22 illustrated in Fig. 1 is electrically connected to the
output side of the respective three filter sections 21. The amplification section 22
amplifies, for example, the respective outputs of the three filter sections 21 20 times.
In this situation, the noise amplified by the amplification section 22 generates a
waveform alternately repeating “0” and “1” at short intervals. It is difficult to
determine whether discharge has occurred based on such a short intermittent waveform.
Upon this, the noise amplified by the amplification section 22 is smoothed by the
smoothing section 25. The smoothing section 25 is detailed later.
[0023] 1.3 Phase Angle Setting Section

The phase angle setting section 23 illustrated in Fig. 1 sets a starting point of
noise measurement for each connection between the R phase - the S phase, between the
S phase - the T phase, and between the T phase - the R phase. The starting point of
noise measurement may be determined based on, for example, the respective voltage
waveforms between the R phase - the S phase, between the S phase - the T phase, and
between the T phase - the R phase illustrated in Fig. 3A. The respective starting points
of noise measurement between the R phase - the S phase, between the S phase - the T
phase, and between the T phase - the R phase are preferably time points of 45° in the
voltage waveforms illustrated by the three broken lines in Fig. 4A. The time points of
45° in the voltage waveforms are the starting points of the peak time domains A, A’
described later. It should be noted that the starting point of noise measurement may be

the starting points of the zero cross time domains B, B’ described later.
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[0024] In this situation, the respective starting points of noise measurement between
the R phase - the S phase, between the S phase - the T phase, and between the T phase -
the R phase may be determined based on any one voltage waveform. For example, the
starting point of noise measurement between the R phase - the S phase is determined
based on the voltage waveform between the R phase - the S phase. Then, the
respective starting points of noise measurement between the S phase - the T phase and
between the T phase - the R phase are determined based on the starting point of noise
measurement between the R phase - the S phase. Specifically, in the case of the delta
connection illustrated in Fig. 1, the phase angles of the respective voltage waveforms
between the R phase - the S phase, between the S phase - the T phase, and between the
T phase - the R phase are shifted 120° each. A cycle of each voltage waveform is 16.7
ms. If each voltage waveform is 60 Hz, the starting point of noise measurement
connection between the S phase - the T phase is a time point 16.7 msx1/3 delayed from
the starting point of noise measurement between the R phase - the S phase. The
starting point of noise measurement between the T phase - the R phase is a time point
16.7 msx2/3 delayed from the starting point of noise measurement between the R phase
- the S phase.
[0025] It should be noted that the present embodiment has a configuration where all
the power circuit and the three loads illustrated in Fig. 1 are delta connected while the
connection is not limited to this configuration. The three-phase alternating current
electrical circuit electrically connected to the discharge detector 1 in the present
embodiment may have a configuration where one or both the power circuit and the three
loads are Y (star) connected. Even if the power circuit is Y connected, the starting
points of noise measurement of the respective voltage waveforms may be determined
based on the shifts in the phase angles of the respective voltage waveforms between the
R phase - the S phase, between the S phase - the T phase, and between the T phase - the
R phase.
[0026] 1.4 Phase Division Section

The phase division section 24 illustrated in Fig. 1 defines the peak time
domains including the time before and after the peak value and the zero cross time
domains including the time before and after the O value based on the respective starting
points of noise measurement and values in one cycle of the respective voltage
waveforms between the R phase - the S phase, between the S phase - the T phase, and
between the T phase - the R phase. The phase division section 24 allows specifying
the peak time domains A, A’ and the zero cross time domains B, B’ over a plurality of

cycles by, for example, outputting a pulse in predetermined timings (refer to Figs. 6E
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through 6G). The determination section 26 described later specifies the peak time
domains A, A’ and the zero cross time domains B, B’ over a plurality of cycles based on
the pulse output from the phase division section 24.
[0027] 1.5 Smoothing Section

The smoothing section 25 illustrated in Fig. 1 smooths the output amplified by
the amplification section 22. The smoothing is a process of, for example, connecting
the peaks in the waveform of the amplified noise. ~As described above, the noise
amplified by the amplification section 22 generates a waveform alternately repeating
“0” and “1” at short intervals. The smoothed noise waveform generates a line
connecting the peaks of “1” in the amplified noise waveform. It should be noted that
the smoothing section 25 may smooth the noise waveform by holding the maximum
value (peak hold) of the noise amplified by the amplification section 22. The
smoothing of the noise waveform by the smoothing section 25 prevents instantaneous
variation in the signal level from affecting the determination result of the determination
section 26.
[0028] It should be noted that the noise waveforms respectively illustrated in Figs. 3B
through 3D, Figs. 4B through 4D, Figs. 5B through 5D, Figs. 6B through 6G, Figs. 7A
through 7C, Figs. 8A through 8C, Fig. 9, Figs. 10B through 10G, Figs. 11A through
11C, and Fig. 12B are output waveforms of the three filter sections 21 and are not noise
waveforms smoothed by the smoothing section 25.
[0029] 1.6 Determination Section

Examples of the determination section 26 illustrated in Fig. 1 to be used
include arithmetic devices, such as a microcontroller unit (MCU), a microcomputer, and
a processor. The determination section 26 is electrically connected to the respective
output side of the phase angle setting section 23, the phase division section 24, and the
smoothing section 25. The respective output of the phase angle setting section 23, the
phase division section 24, and the smoothing section 25 is input to the determination
section 26.
[0030] Firstly, the determination section 26 obtains the starting points of noise
measurement of the respective voltage waveforms between the R phase - the S phase,
between the S phase - the T phase, and between the T phase - the R phase from the
phase angle setting section 23 (refer to the three broken lines in Figs. 6A through 6D).
Secondly, the determination section 26 obtains pulses to specify the peak time domains
A, A’ and the zero cross time domains B, B’ over a plurality of cycles of the respective
voltage waveforms between the R phase - the S phase, between the S phase - the T

phase, and between the T phase - the R phase from the phase division section 24 (refer
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to Figs. 6E through 6G). Thirdly, the determination section 26 obtains the noise
waveform smoothed by the smoothing section 25. Then, the determination section 26
executes a process of determining whether discharge has occurred and a process of
specifying the source of the discharge based on the respective noise waveforms between
the R phase - the S phase, between the S phase - the T phase, and between the T phase -
the R phase.

[0031] As illustrated in Figs. 6E through 6G, the determination section 26 specifies the
peak time domains A, A’ and the zero cross time domains B, B’ over a plurality of cycles
of the respective voltage waveforms between the R phase - the S phase, between the S
phase - the T phase, and between the T phase - the R phase based on the starting points
of noise measurement set by the phase angle setting section 23 and the pulses input
from the phase division section 24.

[0032] Then, the determination section 26 calculates a value of a difference C between
a first output of the smoothing section 25 in the peak time domain A and a second
output of the smoothing section 25 in the zero cross time domain B. Then, the
determination section 26 determines whether discharge has occurred based on the value
of the difference C between the first output and the second output. Subsequently, the
determination section 26 specifies the peak time domains A’, A and the zero cross time
domains B’, B over the plurality of cycles of the voltage waveforms and repeatedly
calculates the value of the difference C between the first output and the second output to
determine whether discharge has occurred. The determination section 26 determines
that “discharge has occurred” if the value of the difference C between the first output
and the second output is the first threshold or more set in advance.

[0033] For example, as illustrated in Figs. 7A through 7C, it is assumed that the
respective noise waveforms are measured between the R phase - the S phase, between
the S phase - the T phase, and between the T phase - the R phase.

[0034] At first, the determination section 26 calculates the value of the difference C
between the first output of the smoothing section 25 in the peak time domain A and the
second output of the smoothing section 25 in the zero cross time domain B for the
waveform of the noise measured between the R phase - the S phase. In this case, the
difference C is a negative value that is less than the first threshold and thus the
determination section 26 does not determine that “discharge has occurred”.

[0035] Then, the determination section 26 calculates the value of the difference C
between the first output of the smoothing section 25 in the peak time domain A and the
second output of the smoothing section 25 in the zero cross time domain B for the

waveform of the noise measured between the S phase - the T phase. In this case, the
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difference C is a positive value that is the first threshold or more and thus the
determination section 26 determines that “discharge has occurred”.

[0036] Then, the determination section 26 calculates the value of the difference C
between the first output of the smoothing section 25 in the peak time domain A and the
second output of the smoothing section 25 in the zero cross time domain B for the
waveform of the noise measured between the T phase - the R phase. In this case, the
difference C is 0, which is less than the first threshold, and thus the determination
section 26 does not determine that “discharge has occurred”.

[0037] After that, the determination section 26 specifies that the source of the
discharge is “between the S phase - the T phase” based on the respective determination
results between the R phase - the S phase, between the S phase - the T phase, and
between the T phase - the R phase.

[0038] Fig. 7D is a table illustrating the relationship between time t and the peak time
domains A, A’ and the zero cross time domains B, B’ in each of Figs. 7A, 7B, and 7C.
The respective determinations between the R phase - the S phase, between the S phase -
the T phase, and between the T phase - the R phase by the determination section 26
described above are executed during the times t1 through t14. For the determination
between the R phase - the S phase, the noise waveform data obtained during the times t1
through t8 is used. For the determination between the S phase - the T phase, the noise
waveform data obtained during the times t4 through t11 is used. For the determination
between the T phase - the R phase, the noise waveform data obtained during the times t7
through t14 is used.

[0039] In the case of calculating the value of the difference C between the first output
of the smoothing section 25 in the peak time domain A and the second output of the
smoothing section 25 in the zero cross time domain B, each value of the first output and
the second output is an additional value or an average value. Specifically, in Fig. 7D,
the value of the first output of the smoothing section 25 in the peak time domain A
between the R phase - the S phase is an additional value or an average value of the
outputs of the smoothing section 25 during the times t1 through t4. The value of the
second output of the smoothing section 25 in the zero cross time domain B between the
R phase - the S phase is an additional value or an average value of the outputs of the
smoothing section 25 during the times t5 through t8. The value of the first output of
the smoothing section 25 in the peak time domain A between the S phase - the T phase
is an additional value or an average value of the outputs of the smoothing section 25
during the times t4 through t7. The value of the second output of the smoothing
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additional value or an average value of the outputs of the smoothing section 25 during
the times t8 through t11. The value of the first output of the smoothing section 25 in
the peak time domain A between the T phase - the R phase is an additional value or an
average value of the outputs of the smoothing section 25 during the times t7 through
t10. The value of the second output of the smoothing section 25 in the zero cross time
domain B between the T phase - the R phase is an additional value or an average value
of the outputs of the smoothing section 25 during the times t11 through t14.

[0040] It should be noted that, in the case of calculating the value of the difference C
between the first output of the smoothing section 25 in the peak time domain A and the
second output of the smoothing section 25 in the zero cross time domain B, one value of
the first output and one value of the second output may be used. For example, in Fig.
7D, the value of the first output of the smoothing section 25 in the peak time domain A
between the R phase - the S phase is any one value out of the outputs of the smoothing
section 25 during the times t1 through t4 (e.g., time t4). The value of the second
output of the smoothing section 25 in the zero cross time domain B between the R phase
- the S phase is any one value out of the outputs of the smoothing section 25 during the
times t5 through t8 (e.g., time t5). The value of the first output of the smoothing
section 25 in the peak time domain A between the S phase - the T phase is any one value
out of the outputs of the smoothing section 25 during the times t4 through t7 (e.g., time
t7). The value of the second output of the smoothing section 25 in the zero cross time
domain B between the S phase - the T phase is any one value out of the outputs of the
smoothing section 25 during the times t8 through t11 (e.g., time t8). The value of the
first output of the smoothing section 25 in the peak time domain A between the T phase
- the R phase is any one value out of the outputs of the smoothing section 25 during the
times t7 through t10 (e.g., time t10). The value of the second output of the smoothing
section 25 in the zero cross time domain B between the T phase - the R phase is any one
value out of the outputs of the smoothing section 25 during the times t11 through t14
(e.g., time t11).

[0041] The discharge detector 1 in the present embodiment is capable of determining
whether discharge has occurred for each connection between the R phase - the S phase,
between the S phase - the T phase, and between the T phase - the R phase by the
amplification section 22, the phase angle setting section 23, the phase division section
24, the smoothing section 25, and the determination section 26, each provided one. It
is thus possible to hold the number of components of the discharge detector 1 down to
an extremely small number.

[0042] 1.7 Discharge Determination Time
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In the exemplification of Figs. 7A through 7D, the determination section 26
determines that “discharge has occurred” if the value of the difference C is the first
threshold or more. However, each load configuring the three-phase three-wire
electrical circuit illustrated in Fig. 1 sometimes generates a sudden noise at the first
threshold or more. Not to cause the determination section 26 to erroneously determine
the sudden noise of the load as discharge, it is preferred to include the continuity of the
noise at the first threshold or more in the criteria for determining whether discharge has
occurred.

[0043] Figs. 8A through 8C illustrate output waveforms of the respective filter
sections 21 electrically connected between the R phase - the S phase, between the S
phase - the T phase, and between the T phase - the R phase. The output waveform
illustrated in each of Figs. 8A through 8C includes continuously detected discharge
noises. In Figs. 8A through 8C, it is assumed that the source of the discharge is the
circuit electrically connected between the S phase - the T phase and the discharge noise
propagates to the respective circuits electrically connected between the R phase - the S
phase and between the T phase - the R phase.

[0044] The determination section 26 obtains the noise waveform smoothed by the
smoothing section 25 for each connection between the R phase - the S phase, between
the S phase - the T phase, and between the T phase - the R phase. The determination
section 26 then specifies the peak time domains A, A’ and the zero cross time domains
B, B’ over a plurality of cycles of the respective voltage waveform between the R phase
- the S phase, between the S phase - the T phase, and between the T phase - the R phase
based on the starting points of noise measurement set by the phase angle setting section
23 and the pulses input from the phase division section 24. The determination section
26 calculates the value of the difference C between the first output of the smoothing
section 25 in the peak time domains A, A’ and the second output of the smoothing
section 25 in the zero cross time domains B, B’ for each connection between the R
phase - the S phase, between the S phase - the T phase, and between the T phase - the R
phase.

[0045] As aresult of this arithmetic process, no values of the difference C of the first
threshold or more are calculated between the R phase - the S phase illustrated in Fig. 8A
and between the T phase - the R phase illustrated in Fig. 8C. The value of the
difference C of the first threshold or more is calculated between the S phase - the T
phase illustrated in Fig. 8B.

[0046] Specifically, the determination section 26 calculates the value of the difference

C between the first output of the smoothing section 25 in the peak time domain A and
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the second output of the smoothing section 25 in the zero cross time domain B at C101
in Fig. 8B. In this case, the difference C is a positive value that is the first threshold or
more. In this situation, the determination section 26 the number of calculating the
value of the difference C of the first threshold or more between the S phase - the T
phase while discharge determination time set in advance passes.
[0047] The discharge determination time is, for example, 500 ms. The respective
voltage waveforms between the R phase - the S phase, between the S phase - the T
phase, and between the T phase - the R phase are 60 Hz, and one cycle of each voltage
waveform is 16.7 ms. The determination section 26 calculates the value of the
difference C between the first output of the smoothing section 25 in the peak time
domain A and the second output of the smoothing section 25 in the zero cross time
domain B once per cycle of the voltage waveform. The determination section 26 adds
“1” if the value of the difference C of the first threshold or more is calculated. Then,
the determination section 26 determines that “discharge has occurred” if the additional
value when 500 ms has passed is, for example, “15” or more. As a result, the
determination section 26 does not erroneously determine a sudden noise of the load as
discharge.
[0048] The determination section 26 in the present embodiment calculates the
difference C based on the outputs in the domains A, B corresponding to a positive half
cycle of the voltage waveform at C101, C103, C105, C107, ... in Fig. 8C and adds “1” if
the value of the difference C of the first threshold or more is calculated while the
process is not limited to this configuration. The determination section 26 may
calculate the difference C based on the outputs in the domains A’, B’ corresponding to a
negative half cycle of the voltage waveform at C102, C104, C106, C108, ... in Fig. 8C
and may add “1” if the value of the difference C is the first threshold or more.
[0049] The determination section 26 in the present embodiment also adds “1” if the
value of the difference C of the first threshold or more is continuously calculated within
the discharge determination time of 500 ms. The determination section 26 resets the
additional value to “0” if the value of the difference C of less than the first threshold is
calculated at any one of C103, C105, C107, ... in Fig. 8B.
[0050] 1.8 Continuity Determination Time

In the exemplification illustrated in Figs. 8 A through 8C, the determination
section 26 determines that “discharge has occurred” if a noise at the first threshold or
more continues 15 or more times within the discharge determination time of 500 ms.
However, the discharge noise sometimes instantaneously attenuates. For example, if

the noise instantaneously attenuates to less than the first threshold at C107 in Fig. 8B,
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the continuity of the noise at the first threshold or more is broken and thus the
determination section 26 resets the number of calculating the difference C of the first
threshold or more to “0”. In other words, the determination section 26 erroneously
determines that discharge has not occurred.

[0051] In order to prevent such an erroneous determination due to the instantaneous
attenuation of noise, the determination section 26 preferably determines the length of
time while the noise has attenuated to less than the first threshold. Then, if the time
while the noise has attenuated to less than the first threshold is within the continuity
determination time set in advance, the determination section 26 does not reset the
number of calculating the value of the difference C of the first threshold or more to “0”.
The continuity determination time is, for example, the length (8.35 ms) of the half cycle
of the voltage waveform.

[0052] Fig. 9 illustrates the output waveform of the filter section 21 electrically
connected between the S phase - the T phase. The output waveform illustrated in Fig.
9 includes continuously detected discharge noises. At C101, C103, and C105 in Fig.
9, noises at the first threshold or more are detected continuously three times. Then, at
C107, a noise less than the first threshold is detected. After that, at C109, ..., C129,
and C131, noises at the first threshold or more are detected continuously 12 times.
[0053] At C107 in Fig. 9, the determination section 26 calculates the value of the
difference C between the first output of the smoothing section 25 in the peak time
domain A and the second output of the smoothing section 25 in the zero cross time
domain B. In this case, the difference C is a positive value of less than the first
threshold. In this situation, the determination section 26 does not reset the number “3”
of calculating the value of the difference C of the first threshold or more at C101, C103,
and C105.

[0054] Then, at C109 in Fig. 9, the determination section 26 calculates the value of the
difference C between the first output of the smoothing section 25 in the peak time
domain A and the second output of the smoothing section 25 in the zero cross time
domain B. In this case, the difference C is a positive value of the first threshold or
more. In this situation, the determination section 26 determines the time while the
value of the difference C at C107 in Fig. 9 has reduced to less than the first threshold, in
other words, the time while the noise has attenuated to less than the threshold is within
the continuity determination time. As a result of the determination, the determination
section 26 firstly continues the measurement of the discharge determination time of 500
ms. Secondly, the determination section 26 adds the number “0” of calculating the
value of the difference C of less than the first threshold at C107 in Fig. 9 to “3”.
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Thirdly, the determination section 26 adds the number “1” of calculating the value of
the difference C of the first threshold or more at C109 in Fig. 9 to “3”.
[0055] After that, the determination section 26 calculates the value of the difference C
of the first threshold or more continuously 11 times. As a result, the number of
calculating the value of the difference C of the first threshold or more within the
discharge determination time of 500 ms becomes “15” and the determination section 26
determines that “discharge has occurred”.
[0056] If the value of the difference C at C109 in Fig. 9 is less than the first threshold,
the determination section 26 firstly terminates the measurement of the discharge
determination time. Secondly, the determination section 26 resets the number “3” of
calculating the value of the difference C of the first threshold or more. After that, if
the value of the difference C of the first threshold or more is calculated, the
determination section 26 starts measurement of the discharge determination time and
repeats the process described above.
[0057] 1.9 Measures for Noise generated by Load

In the three-phase three-wire electrical circuit illustrated in Fig. 1, the load
electrically connected to any one connection between the R phase - the S phase,
between the S phase - the T phase, or between the T phase - the R phase sometimes
generates a noise. Fig. 10C illustrates the output waveform of the filter section 21 if
discharge occurs in the electrical circuit electrically connected between the S phase - the
T phase and the load configuring the electrical circuit generates a noise. In the output
waveform between the S phase - the T phase illustrated in Fig. 10C, the noise of the
discharge appears in the peak time domain A immediately after the starting point of
noise measurement and the noise of the load appears in the respective zero cross time
domains B before and after the peak time domain A. The load noise also appears in
the output waveform between the R phase - the S phase illustrated in Fig. 10B and in
the output waveform between the T phase - the R phase illustrated in Fig. 10D.
[0058] In the output waveform between the S phase - the T phase illustrated in Fig.
10C, there is a possibility that the value of the difference C between the first output of
the smoothing section 25 in the peak time domain A and the second output of the
smoothing section 25 in the zero cross time domain B is less than the first threshold.
As aresult, the determination section 26 erroneously determines that discharge has not
occurred even though discharge has occurred.
[0059] In order to prevent such an erroneous determination of the determination
section 26 due to the load noise, the second threshold is set that is a value smaller than

the first threshold. The determination section 26 determines whether the second output
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of the smoothing section 25 in the zero cross time domains B, B’ is the second threshold
or more. If the second output is the second threshold or more, the determination
section 26 reports that it is not possible to determine whether discharge has occurred.
For example, the determination section 26 reports that it is not possible to determine
whether discharge has occurred using sound output from a speaker, light from an LED,
display on a display, and the like.

[0060] In addition, in the output waveform between the R phase - the S phase
illustrated in Fig. 10B and the output waveform between the T phase - the R phase
illustrated in Fig. 10D, the determination section 26 preferably determines whether the
second output of the smoothing section 25 in the zero cross time domains B, B’ is the
second threshold or more. If the second output is the second threshold or more, the
determination section 26 reports that it is not possible to determine whether discharge
has occurred.

[0061] Each output waveform illustrated in Figs. 10E through 10G includes a load
noise of more than the second threshold. The load noise continues over the period
from before to after the first discharge noise in the output waveform. If the load noise
of more than the second threshold continues, the amplification factor of the
amplification section 22 illustrated in Fig. 1 is reduced. This allows a decrease in the
second output of the smoothing section 25 in the zero cross time domains B, B’ to the
second threshold or less. As a result, the determination section 26 is allowed to
determine whether discharge has occurred without being affected by the load noise.
[0062] In this situation, if the load generating the noise is turned OFF, the load noise
in the output waveform illustrated in Figs. 10E through 10G disappears. In this case,
the amplification factor of the amplification section 22 illustrated in Fig. 1 is preferably
returned to a standard set value. The amplification factor of the amplification section
22 determines the discharge detection limit of the discharge detector 1. A higher
amplification factor of the amplification section 22 allows the discharge detector 1 to
detect smaller discharge. Thus, after the load noise disappears, the reduced
amplification factor of the amplification section 22 is preferably increased to the
standard set value.

[0063] To return the amplification factor of the amplification section 22 to the
standard set value, a third threshold is set that is a value smaller than the second
threshold.  As illustrated in Figs. 10E through 10G, the determination section 26
determines whether the second output of the smoothing section 25 in the zero cross time
domains B, B’ is the third threshold or more. If the second output is less than the third

threshold, the determination section 26 increases the amplification factor of the
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amplification section 22 to the standard set value. It should be noted that, if the load
noise of more than the second threshold continues, the amplification factor of the
amplification section 22 is reduced to a value causing the second output of the
smoothing section 25 in the zero cross time domains B, B’ to be the third threshold or
more.
[0064] 1.10 Determination based only on Peak Time Domain

Figs. 11A through 11C illustrates the output waveforms of the respective filter
sections 21 electrically connected between the R phase - the S phase, between the S
phase - the T phase, and between the T phase - the R phase. The determination section
26 is also capable of determining whether discharge has occurred based only on the first
output of the smoothing section 25 in the peak time domain A in Figs. 11A through 11C.
In other words, neither the first output of the smoothing section 25 in the peak time
domain A’ nor the second output of the smoothing section 25 in the zero cross time
domains B, B’ are used for determination whether discharge has occurred.
[0065] The discharge noise appears before and after the peak value of the voltage
waveform of any one connection between the R phase - the S phase, between the S
phase - the T phase, or between the T phase - the R phase electrically connected to the
electrical circuit as the source of discharge. In the output waveforms illustrated in
Figs. 11A through 11C, the determination section 26 determines whether the first output
of the smoothing section 25 in the peak time domain A is the first threshold or more.
Only the output waveform between the S phase - the T phase illustrated in Fig. 11B has
the first output of the smoothing section 25 in the peak time domain A of the first
threshold or more. Accordingly, the determination section 26 determines that
“discharge has occurred” in a timing of the times t4 through t7 illustrated in Fig. 11D
and specifies that the source of the discharge is “between the S phase - the T phase”.
[0066] It should be noted that some devices provided with a motor, such as an electric
drill and an electric mixer, continuously generate a noise at the level more than the first
threshold during normal operation. The noise generated by normal operation of a load
is superimposed on the entire peak time domains A, A’ and zero cross time domains B,
B’ of the voltage waveforms of the alternating current power source. As a result, the
first output of the smoothing section 25 in the peak time domain A in each of the
connections between the R phase - the S phase, between the S phase - the T phase, and
between the T phase - the R phase is sometimes the first threshold or more. In such a
case, the determination section 26 reports that it is not possible to determine whether
discharge has occurred. Alternatively, the determination section 26 reduces the

amplification factor of the amplification section 22 illustrated in Fig. 1 to cause the load
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noise to be less than the first threshold.
[0067] 2. Discharge Detector according to Second Embodiment

Although the discharge detector 1 in the first embodiment described above is
provided with the three filter sections 21 illustrated in Fig. 1, the discharge detector may
be provided with at least one filter section 21. Fig. 12A illustrates a three-phase three-
wire electrical circuit electrically connected to a discharge detector 1 according to the
second embodiment of the present invention. The discharge detector 1 in the second
embodiment is provided with, for example, one filter section 21 electrically connected
between the R phase - the S phase. All the amplification section 22, the phase angle
setting section 23, the phase division section 24, the smoothing section 25, and the
determination section 26 illustrated in Fig. 12A have the same configuration as those in
the first embodiment. Note that the process of the determination section 26 in the
second embodiment is different from that in the first embodiment.
[0068] 2.1 Setting Starting Point of Noise Measurement

The phase angle setting section 23 sets a starting point of noise measurement
for each connection between the R phase - the S phase, between the S phase - the T
phase, and between the T phase - the R phase. At first, the phase angle setting section
23 determines the starting point of noise measurement between the R phase - the S
phase based on the voltage waveform between the R phase - the S phase. The starting
point of noise measurement between the R phase - the S phase is the time point of the
time t1 in Fig. 12C.
[0069] Then, the phase angle setting section 23 determines the starting point of noise
measurement between the S phase - the T phase based on the starting point of noise
measurement between the R phase - the S phase. The starting point of noise
measurement between the S phase - the T phase is the time point 16.7 msx1/3 delayed
from the starting point of noise measurement between the R phase - the S phase and is
the time point of the time t4 in Fig. 12C.
[0070] Then, the phase angle setting section 23 determines the starting point of noise
measurement between the T phase - the R phase based on the starting point of noise
measurement between the R phase - the S phase. The starting point of noise
measurement between the T phase - the R phase is the time point 16.7 msx2/3 delayed
from the starting point of noise measurement between the R phase - the S phase and the
time point of the time t7 in Fig. 12C.
[0071] 2.2 Specification of Peak Time Domain and Zero Cross Time Domain

The phase division section 24 defines a peak time domain including time

before and after the peak value and a zero cross time domain including time before and
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after the O value based on the respective starting points of noise measurement and the
respective values in one cycle of the voltage waveforms between the R phase - the S
phase, between the S phase - the T phase, and between the T phase - the R phase. The
phase division section 24 allows specifying the peak time domains A, A’ and the zero
cross time domains B, B’ over a plurality of cycles by, for example, outputting a pulse
in predetermined timings. As illustrated in Fig. 12C, the phase division section 24
divides the one cycle of the voltage waveform into 16 domains A, B, A’, B’.
[0072] 2.3 Specification of Source of Discharge

Fig. 12C illustrates a logical table defining the correspondence between the
respective peak time domains A, A’ and the respective zero cross time domains B, B’
between the R phase - the S phase, between the S phase - the T phase, and between the
T phase - the R phase. The determination section 26 refers to the logical table
illustrated in Fig. 12C if the filter section 21 illustrated in Fig. 12A detects a noise.
Then, the determination section 26 specifies the respective domains A, B, A’, B’
between the R phase - the S phase, between the S phase - the T phase, and between the
T phase - the R phase in the timing of noise detection.
[0073] For example, Fig. 12B illustrates the output waveform of the filter section 21
illustrated in Fig. 12A. This output waveform includes two noises. The first noise is
detected in the timing during the times t7 through t10 in Fig. 12C. This noise appears
in the zero cross time domains B, B and the peak time domains A’, A’ in the voltage
waveform between the R phase - the S phase. The determination section 26 specifies
the domains A, B, A’, B’ during the times t7 through t10 in Fig. 12C for each connection
between the S phase - the T phase and between the T phase - the R phase. At first, the
voltage waveform between the S phase - the T phase during the times t7 through t10 is
the peak time domain A and the zero cross time domains B, B, B. Then, the voltage
waveform between the T phase - the R phase during the times t7 through t10 is all the
peak time domains A, A, A, A. As described above, the noise generated by the
discharge appears before and after the peak value of the voltage waveform.
Accordingly, the determination section 26 determines that “discharge has occurred
between the T phase - the R phase”.
[0074] 3. Others

The discharge detector of the present invention is not limited to the
configurations in the first and second embodiments described above. For example, the
three filter sections 21 illustrated in Fig. 1 or the one filter section 21 illustrated in Fig.
12A may be stored in one housing together with the amplification section 22, the phase

angle setting section 23, the phase division section 24, the smoothing section 25, and the



10

15

- 24 -

determination section 26. The discharge detector thus configures a cohesive unit. In
addition, the discharge detector in the first and second embodiments described above
has a configuration of detecting discharge based on the noise superimposed on the
voltage while the discharge detector is not limited to this configuration. The discharge
detector of the present invention may have a configuration of detecting discharge based

on the noise superimposed on the current.

Description of Reference Numerals

[0075]

1 Discharge Detector

21 Filter Section

22 Amplification Section

23 Phase Angle Setting Section
24 Phase Division Section

25 Smoothing Section

26 Determination Section
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CLAIMS

1. A discharge detector for detecting occurrence of discharge based on a noise in a
high frequency band superimposed on an alternating current power source supplied
from a power circuit of a three-phase alternating current, the discharge detector
comprising:

at least one filter section electrically connected between two phases out of a
first phase, a second phase, and a third phase of the power circuit and configured to
extract a predetermined frequency component from the alternating current power
source,

an amplification section configured to amplify an output of the filter section,

a smoothing section configured to smooth an output of the amplification
section,

a phase angle setting section configured to set a starting point of noise
measurement for each connection between the first phase - the second phase, between
the second phase - the third phase, and between the third phase - the first phase,

a phase division section configured to define a plurality of domains by dividing
one cycle of a voltage waveform or a current waveform of each connection between the
first phase - the second phase, between the second phase - the third phase, and between
the third phase - the first phase based on the starting point of noise measurement, and

a determination section configured to detect a noise at a predetermined
frequency included in an output of the smoothing section, configured to specify at least
one domain coincident with a timing of detecting the noise out of the plurality of
domains defined by the phase division section, and configured to specify which
connection between the first phase - the second phase, between the second phase - the
third phase, or between the third phase - the first phase is a source of the noise.

2. The discharge detector according to claim 1, wherein the phase angle setting
section determines a first starting point of noise measurement based on the voltage
waveform or the current waveform of any one phase-connection between the first phase
- the second phase, between the second phase - the third phase, or between the third
phase - the first phase, and determines second and third starting points of noise
measurement for the other two phase-connections based on the first starting point of
noise measurement and a shift in a phase angle of the voltage waveform or the current
waveform of each connection between the first phase - the second phase, between the
second phase - the third phase, and between the third phase - the first phase.

3. The discharge detector according to claim 1, wherein the phase angle setting
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section determines the starting point of noise measurement for each connection between
the first phase - the second phase, between the second phase - the third phase, and
between the third phase - the first phase based on the voltage waveform or the current
waveform of each of these three phase-connections.
4. The discharge detector according to claim 1, wherein the phase division section
defines a peak time domain including time before and after a peak value and a zero
cross time domain including time before and after a 0 value for the one cycle of the
voltage waveform or the current waveform of each connection between the first phase -
the second phase, between the second phase - the third phase, and between the third
phase - the first phase, and

the determination section calculates a value of a difference between a first
output of the smoothing section in the peak time domain and a second output of the
smoothing section in the zero cross time domain, and if the difference value is a first
threshold or more, determines that discharge has occurred and specifies which
connection between the first phase - the second phase, between the second phase - the
third phase, or between the third phase - the first phase is a source of the discharge.
5. The discharge detector according to claim 1, wherein the phase division section
defines a peak time domain including time before and after a peak value for the one
cycle of the voltage waveform or the current waveform of each connection between the
first phase - the second phase, between the second phase - the third phase, and between
the third phase - the first phase, and

the determination section specifies, if the timing of detecting the noise is
coincident with the peak time domain, which connection between the first phase - the
second phase, between the second phase - the third phase, or between the third phase -
the first phase is the source of the noise.
6. The discharge detector according to claim 4, wherein the determination section
determines whether the second output of the smoothing section in the zero cross time
domain is a second threshold or more, the second threshold being a value smaller than
the first threshold, and if the second output is the second threshold or more, reports that
it is not possible to determine whether discharge has occurred.
7. The discharge detector according to claim 4, wherein the determination section
determines whether the second output of the smoothing section in the zero cross time
domain is a second threshold or more, the second threshold being a value smaller than
the first threshold, and if the second output is the second threshold or more, reduces an

amplification factor of the amplification section.



