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DESCRIPTION

MEASUREMENT APPARATUS, MEASUREMENT METHOD, AND MEASUREMENT

PROGRAM

TECHNICAL FIELD
[0001]

The present disclosure relates to a measurement apparatus, a measurement method,
and a measurement program for measuring a value related to electricity of a wireway.
BACKGROUND ART
[0002]

A system for supplying electricity to each home or factory includes a three-phase AC
system (hereinafter referred to as a three-phase system) and a single-phase AC system
(hereinafter referred to as a single-phase system). The single-phase system is a system often
used in general homes where a voltage is low and a high voltage is not required because the
number of wires is small. Since the three-phase system can obtain the same power with smaller
current than that in the single-phase system, is a system often used in, for example, factories
where much electricity is used, with less electric loss because the same power can be obtained
with a smaller current than that in the single-phase system.

[0003]

In, e.g., a factory where a three-phase AC power source is used, in a case where an
apparatus to be driven with a single-phase power is used, it is necessary to convert a three-phase
power into a single-phase power and distribute the single-phase power. Patent Document 1
discloses a technique of converting a three-phase AC output from a three-phase three-wire AC

power source into a single-phase AC by a phase conversion transformer. It is important to
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measure a value (hereinafter referred to as a wireway electricity related value) related to
electricity of a wireway and check whether or not the wireway electricity related value is within

a normal range in order to constantly ensure safety.

CITATION LIST
PATENT DOCUMENT
[0004]

Patent Document 1: Japanese Unexamined Patent Publication No. 2021-162234

SUMMARY OF THE INVENTION
TECHNICAL PROBLEMS
[0005]

Here, even in a case where the three-phase power is converted into the single-phase
power and the single-phase power is distributed as described above, there is a demand for
accurately measuring the wireway electricity related value.

[0006]

It is an object of the present disclosure to provide a measurement apparatus, a
measurement method, and a measurement program capable of accurately measuring a wireway
electricity related value of a single-phase circuit in a case where a three-phase power is
converted into a single-phase power and the single-phase power is distributed and a load is

disposed on the single-phase circuit.

SOLUTION TO THE PROBLEMS
[0007]

In order to achieve the objective, the present disclosure provides the following
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configurations.

(1) A measurement apparatus includes a measurement unit including any two or more
of a first measurement unit configured to measure, by a first configuration, a wireway electricity
related value which is a value related to electricity of a wireway branched from a wireway to
be measured to which a star-connected three-phase AC power source is connected and branched
from a three-phase AC to a single-phase AC and distributed, a second measurement unit
configured to measure, by a second configuration, a wireway electricity related value which is
a value related to electricity of a wireway branched from a wireway to be measured to which a
star-connected three-phase AC power source is connected and branched from a three-phase AC
to a single-phase AC and distributed, a third measurement unit configured to measure, by a
third configuration, a wireway electricity related value which is a value related to electricity of
a wireway branched from a wireway to be measured to which a delta-connected three-phase
AC power source is connected and branched from a three-phase AC to a single-phase AC and
distributed, and a fourth measurement unit configured to measure, by a fourth configuration, a
wireway electricity related value which is a value related to electricity of a wireway branched
from a wireway to be measured to which a delta-connected three-phase AC power source is
connected and branched from a three-phase AC to a single-phase AC and distributed, and
a selection processor configured to select any one of the measurement units in the measurement
unit.

(2) The selection processor

selects the first measurement unit in a case of a first state in which a three-phase AC
power source in which a first phase, a second phase, a third phase, and a neutral line are star-
connected is connected to the wireway to be measured and a load is connected to any one of
the first phase, the second phase, or the third phase and the neutral line,

selects the second measurement unit in a case of a second state in which a three-phase
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AC power source in which a first phase, a second phase, and a third phase are star-connected is
connected to the wireway to be measured and a load is connected to any two of the first phase,
the second phase, and the third phase,

selects the third measurement unit in a case of a third state in which a three-phase AC
power source in which a first phase, a second phase, and a third phase are delta-connected and
any one of the phases is grounded is connected to the wireway to be measured and a load is
connected to the grounded phase and any one of the non-grounded phases, and
selects the fourth measurement unit in a case of a fourth state in which a three-phase AC power
source in which a first phase, a second phase, and a third phase are delta-connected and any one
of the phases is grounded is connected to the wireway to be measured and a load is connected
to the non-grounded two phases.

(3) The first measurement unit calculates, as the first configuration, a leakage current
component caused by a ground insulation resistance included in a leakage current flowing in
the wireway to be measured based on the leakage current and a voltage applied between any
one of the first phase, the second phase, or the third phase to which the load is connected and
the neutral line,

the second measurement unit calculates, as the second configuration, a leakage
current component caused by a ground insulation resistance included in a leakage current
flowing in the wireway to be measured based on the leakage current and a voltage applied
between the two phases to which the load is connected,

the third measurement unit calculates, as the third configuration, a leakage current
component caused by a ground insulation resistance included in a leakage current flowing in
the wireway to be measured based on the leakage current and a voltage applied between the
phases to which the load is connected, and

the fourth measurement unit calculates, as the fourth configuration, a leakage current

4
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component caused by a ground insulation resistance included in a leakage current flowing in
the wireway to be measured based on the leakage current and a voltage applied between the
phases to which the load is connected.

(4) A measurement apparatus includes a measurement unit configured to measure a
wireway electricity related value which is a value related to electricity of a wireway branched
from a wireway to be measured to which a star-connected or delta-connected three-phase AC
power source is connected and branched from a three-phase AC to a single-phase AC and
distributed, and

a selection processor configured to select one state from two or more of a first state
in which a three-phase AC power source in which a first phase, a second phase, a third phase,
and a neutral line are star-connected is connected to the wireway to be measured and a load is
connected to any one of the first phase, the second phase, or the third phase and the neutral line,
a second state in which a three-phase AC power source in which a first phase, a second phase,
and a third phase are star-connected is connected to the wireway to be measured and a load is
connected to any two of the first phase, the second phase, and the third phase, a third state in
which a three-phase AC power source in which a first phase, a second phase, and a third phase
are delta-connected and any one of the phases is grounded is connected to the wireway to be
measured and a load is connected to the grounded phase and any one of the non-grounded
phases, and a fourth state in which a three-phase AC power source in which a first phase, a
second phase, and a third phase are delta-connected and any one of the phases is grounded is
connected to the wireway to be measured and a load is connected to the non-grounded two
phases, and

the measurement unit calculates,

in a case in which the selection processor selects the first state or the third state, a

leakage current component caused by a ground insulation resistance included in a leakage
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current, which is one of the wireway electricity related values, flowing in the wireway to be
measured based on the leakage current and a voltage applied between any one of the first phase,
the second phase, or the third phase to which the load is connected and the neutral line,

in a case in which the selection processor selects the second state, a leakage current
component caused by a ground insulation resistance included in a leakage current, which is one
of the wireway electricity related values, flowing in the wireway to be measured based on the
leakage current and a voltage applied between the two phases to which the load is connected,
and

in a case in which the selection processor selects the fourth state, a leakage current
component caused by a ground insulation resistance included in a leakage current, which is one
of the wireway electricity related values, flowing in the wireway to be measured based on the
leakage current and a voltage applied between the phases to which the load is connected.

(5) A measurement method includes selecting, in a selection processing step, any one
of a plurality of measurement units configured to measure, by different configurations, wireway
electricity related values which are values related to electricity of a wireway branched from a
wireway to be measured to which a star-connected or delta-connected three-phase AC power
source is connected and branched from a three-phase AC to a single-phase AC and distributed,
and

performing, in a measurement step, measurement by the measurement unit having
been selected in the selection processing step, and

the measurement unit includes any two or more of,

a first measurement unit configured to measure, by a first configuration, a wireway
electricity related value which is a value related to electricity of a wireway branched from a
wireway to be measured to which a star-connected three-phase AC power source is connected

and branched from a three-phase AC to a single-phase AC and distributed,
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a second measurement unit configured to measure, by a second configuration, a
wireway electricity related value which is a value related to electricity of a wireway branched
from a wireway to be measured to which a star-connected three-phase AC power source is
connected and branched from a three-phase AC to a single-phase AC and distributed,

a third measurement unit configured to measure, by a third configuration, a wireway
electricity related value which is a value related to electricity of a wireway branched from a
wireway to be measured to which a delta-connected three-phase AC power source is connected
and branched from a three-phase AC to a single-phase AC and distributed, and

a fourth measurement unit configured to measure, by a fourth configuration, a
wireway electricity related value which is a value related to electricity of a wireway branched
from a wireway to be measured to which a delta-connected three-phase AC power source is
connected and branched from a three-phase AC to a single-phase AC and distributed.

(6) A measurement program causes a computer to execute

selecting, in a selection processing step, any one of a plurality of measurement units
configured to measure, by different configurations, wireway electricity related values which are
values related to electricity of a wireway branched from a wireway to be measured to which a
star-connected or delta-connected three-phase AC power source is connected and branched
from a three-phase AC to a single-phase AC and distributed, and

performing, in a measurement step, measurement by the measurement unit having
been selected in the selection processing step, and

the plurality of measurement units include any two or more of,

a first measurement unit configured to measure, by a first configuration, a wireway
electricity related value which is a value related to electricity of a wireway branched from a
wireway to be measured to which a star-connected three-phase AC power source is connected

and branched from a three-phase AC to a single-phase AC and distributed,



10

15

20

25

a second measurement unit configured to measure, by a second configuration, a
wireway electricity related value which is a value related to electricity of a wireway branched
from a wireway to be measured to which a star-connected three-phase AC power source is
connected and branched from a three-phase AC to a single-phase AC and distributed,

a third measurement unit configured to measure, by a third configuration, a wireway
electricity related value which is a value related to electricity of a wireway branched from a
wireway to be measured to which a delta-connected three-phase AC power source is connected
and branched from a three-phase AC to a single-phase AC and distributed, and

a fourth measurement unit configured to measure, by a fourth configuration, a
wireway electricity related value which is a value related to electricity of a wireway branched
from a wireway to be measured to which a delta-connected three-phase AC power source is

connected and branched from a three-phase AC to a single-phase AC and distributed.

ADVANTAGES OF THE INVENTION
[0008]

According to the present disclosure, even in a case where the three-phase power is
converted into the single-phase power and the single-phase power is distributed, the wireway

electricity related value can be accurately measured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a diagram illustrating a first configuration example of a measurement
apparatus.

FIG. 2 is a diagram illustrating a second configuration example of the measurement
apparatus.
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FIG. 3 is a diagram illustrating a third configuration example of the measurement

apparatus.

FIG. 4 is a diagram illustrating a configuration in which a selection processor

automatically recognizes the state (first to fourth states) of connection of a load.

FIG. 5 is a block diagram illustrating the configuration of a first measurement unit.
FIG. 6 is a block diagram illustrating a variation of the first measurement unit.

FIG. 7 is a block diagram illustrating the configuration of a second measurement unit.
FIG. 8 is a block diagram illustrating a variation of the second measurement unit.

FIG. 9 is a diagram schematically illustrating vector representations of lor and Ioc of

each phase in star connection.

FIG. 10 is a block diagram illustrating the configuration of a third measurement unit.
FIG. 11 is a block diagram illustrating a variation of the third measurement unit.
FIG. 12 is a block diagram illustrating the configuration of a fourth measurement unit.
FIG. 13 is a block diagram illustrating a variation of the fourth measurement unit.

FIG. 14 is a diagram schematically illustrating vector representations of Ior and loc

of each phase in delta connection.

computer.

FIG. 15 is a diagram showing another configuration of the measurement apparatus.
FIG. 16 is a flowchart for describing a procedure of a measurement method.

FIG. 17 is a flowchart for describing another procedure of the measurement method.
FIG. 18 is a block diagram illustrating a first configuration example of a computer.

FIG. 19 is a block diagram illustrating a second configuration example of the

DESCRIPTION OF EMBODIMENTS

[0010]
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Embodiments of the present disclosure will be described below. The embodiments
described below do not unreasonably limit the contents of the present disclosure recited in the
appended claims. Not all the configurations described in the embodiments are essential
constituent elements of the present disclosure. A method of branching a single-phase circuit
from a three-phase AC connection to operate a load is used by private electric utility customers
in Japan. Mostly in overseas, the load is operated by this method, and the technique of the
present proposal can be applied to the overseas.

[0011]

FIG. 1 is a diagram illustrating a first configuration example of a measurement
apparatus 1. The measurement apparatus 1 includes a measurement unit 2 and a selection
processor 51. The measurement unit 2 includes a first measurement unit 11, a second
measurement unit 21, a third measurement unit 31, and a fourth measurement unit 41. In this
example, the measurement apparatus 1 will be described with reference to the first configuration
example illustrated in FIG 1, but is not limited to this configuration example. The measurement
unit 2 includes any two or more of the first measurement unit 11, the second measurement unit
21, the third measurement unit 31, and the fourth measurement unit 41. For example, a
measurement apparatus la may include a measurement unit 2a including only a first
measurement unit 11 and a second measurement unit 21 (second configuration example), as
illustrated in FIG. 2. A measurement apparatus 1b may include a measurement unit 2b including
only a third measurement unit 31 and a fourth measurement unit 41 (third configuration
example), as illustrated in FIG. 3.

[0012]

The first measurement unit 11 measures, by the first configuration, a wireway

electricity related value which is a value related to electricity of a wireway branched from a

wireway to be measured to which a star-connected three-phase AC power source is connected

10
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and branched from a three-phase AC to a single-phase AC and distributed. Although details of
the configuration (first configuration) of the first measurement unit 11 will be described later,
the first measurement unit 11 calculates, according to the following equation, a leakage current
component lor caused by a ground insulation resistance included in a leakage current lo, which
is one of the wireway electricity related values, flowing in the wireway to be measured based
on a phase angle 0 calculated from the leakage current Io and a voltage applied between any
one of a first phase, a second phase, or a third phase to which a load is connected and a neutral
line,

Tor =1To x cos0 (1).

[0013]

The second measurement unit 21 measures, by the second configuration, a wireway
electricity related value which is a value related to electricity of a wireway branched from a
wireway to be measured to which a star-connected three-phase AC power source is connected
and branched from a three-phase AC to a single-phase AC and distributed. Although details of
the configuration (second configuration) of the second measurement unit 21 will be described
later, the second measurement unit 21 calculates, according to the following equation, a leakage
current component lor caused by a ground insulation resistance included in a leakage current
Io, which is one of the wireway electricity related values, flowing in the wireway to be measured
based on a phase angle 0 calculated from the leakage current lo and a voltage applied between
two phases to which a load is connected,

Ior = Io x sin6/cos60° (2).

[0014]

The third measurement unit 31 measures, by the third configuration, a wireway

electricity related value which is a value related to electricity of a wireway branched from a

wireway to be measured to which a delta-connected three-phase AC power source is connected

11
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and branched from a three-phase AC to a single-phase AC and distributed. Although details of
the configuration (third configuration) of the third measurement unit 31 will be described later,
the third measurement unit 31 calculates, according to the following equation, a leakage current
component lor caused by a ground insulation resistance included in a leakage current lo, which
is one of the wireway electricity related values, flowing in the wireway to be measured based
on a phase angle 6 calculated from the leakage current lo and a voltage applied between phases
to which a load is connected,

Ior =1Io x cosO (3).

[0015]

The fourth measurement unit 41 measures, by the fourth configuration, a wireway
electricity related value which is a value related to electricity of a wireway branched from a
wireway to be measured to which a delta-connected three-phase AC power source is connected
and branched from a three-phase AC to a single-phase AC and distributed. Although details of
the configuration (fourth configuration) of the fourth measurement unit 41 will be described
later, the fourth measurement unit 41 calculates, according to the following equation, a leakage
current component lor caused by a ground insulation resistance included in a leakage current
lo, which is one of the wireway electricity related values, flowing in the wireway to be measured
based on a phase angle 6 calculated from the leakage current lo and a voltage applied between
phases to which a load is connected,

Ior = Io x sin6/cos30° (4).

[0016]

The selection processor 51 selects any one of the first measurement unit 11, the
second measurement unit 21, the third measurement unit 31, or the fourth measurement unit 41.
[0017]

Here, the operation of the selection processor 51 will be described. The selection

12
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processor 51 selects the first measurement unit 11 in the case of the first state in which the
three-phase AC power source in which the first phase, the second phase, the third phase, and
the neutral line are star-connected is connected to the wireway to be measured and the load
(load used in a single phase) is connected to any one of the first phase, the second phase, or the
third phase and the neutral line. Here, the load corresponds to, for example, a lighting circuit
and a device connected to a single-phase outlet.

[0018]

The selection processor 51 selects the second measurement unit 21 in the case of the
second state in which the three-phase AC power source in which the first phase, the second
phase, and the third phase are star-connected is connected to the wireway to be measured and
the load is in the second state in which the load is connected to any two of the first phase, the
second phase, and the third phase.

[0019]

The selection processor 51 selects the third measurement unit 31 when the three-
phase AC power source in which the first phase, the second phase, and the third phase are delta-
connected and any one of these phases is grounded is connected to the wireway to be measured
and the load is in the third state in which the load is connected to the grounded phase and any
one of the non-grounded phases.

[0020]

The selection processor 51 selects the fourth measurement unit 41 when the three-
phase AC power source in which the first phase, the second phase, and the third phase are delta-
connected and any one of these phases is grounded is connected to the wireway to be measured
and the load is in the fourth state in which the load is connected to the non-grounded two phases.
[0021]

The selection processor 51 may include, for example, a rotary switch. When the

13
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switch is operated by an operational personnel, the selection processor 51 selects the
measurement unit specified by the switch. The measurement unit selected by the selection
processor 51 operates.

[0022]

The selection processor 51 may be configured to automatically recognize the state
(first to fourth states) of the connection of the load and select the measurement unit according
to a recognition result. The case in which the wireway to be measured on the secondary side
includes four wires will be described as an example, but the present disclosure is also applicable
to the case in which the wireway to be measured includes three wires. FIG. 4 is a diagram
illustrating the configuration in which the selection processor 51 automatically recognizes the
state (first to fourth states) of the connection of the load.

[0023]

The selection processor 51 includes a switcher 52, a voltage detector 53, a leakage
current detector 54, and a controller 55. The voltage detector 53 may be implemented using any
one of voltage detectors 13, 23, 33, 43 described later. The leakage current detector 54 may be
implemented using any one of leakage current detectors 12, 22, 32, 42 described later.

[0024]

All the four line wires a, b, c, d to be measured in the wireway to be measured are
connected to the switcher 52. The switcher 52 connects any two of the connected line wires in
the wireway to be measured based on a switching instruction from the controller 55. The
switcher 52 and the voltage detector 53 are connected via two line wires. The voltage detector
53 detects a voltage applied to the line wires switched by the switcher 52.

[0025]
Further, zero-phase current transformers 61a to 61f are connected to line wires (six

locations in the example illustrated in FIG. 4) drawn from the wireway to be measured. The
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zero-phase current transformers 61a to 61f are connected to the leakage current detector 54.
[0026]

Here, the operation of the controller 55 will be described. In the case in which the
controller 55 switches the switcher 52 to select the line wire a and the line wire b, the controller
55 stores a voltage applied between the line wire a and the line wire b and detected by the
voltage detector 53 and a leakage current detected from the zero-phase current transformer 61a
clamped to wireways drawn from the line wire a and the line wire b in association with each
other. In the case in which the controller 55 switches the switcher 52 to select the line wire a
and the line wire c, the controller 55 stores a voltage applied between the line wire a and the
line wire ¢ and detected by the voltage detector 53 and a leakage current detected from the zero-
phase current transformer 61b clamped to wireways drawn from the line wire a and the line
wire ¢ in association with each other. In the case in which the controller 55 switches the switcher
52 to select the line wire a and the line wire d, the controller 55 stores a voltage applied between
the line wire a and the line wire d and detected by the voltage detector 53 and a leakage current
detected from the zero-phase current transformer 61c clamped to wireways drawn from the line
wire a and the line wire d in association with each other. In the case in which the controller 55
switches the switcher 52 to select the line wire b and the line wire ¢, the controller 55 stores a
voltage applied between the line wire b and the line wire ¢ and detected by the voltage detector
53 and a leakage current detected from the zero-phase current transformer 61d clamped to
wireways drawn from the line wire b and the line wire ¢ in association with each other. In the
case in which the controller 55 switches the switcher 52 to select the line wire b and the line
wire d, the controller 55 stores a voltage applied between the line wire b and the line wire d and
detected by the voltage detector 53 and a leakage current detected from the zero-phase current
transformer 6le clamped to wireways drawn from the line wire b and the line wire d in

association with each other. In the case in which the controller 55 switches the switcher 52 to
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select the line wire ¢ and the line wire d, the controller 55 stores a voltage applied between the
line wire ¢ and the line wire d and detected by the voltage detector 53 and a leakage current
detected from the zero-phase current transformer 61f clamped to wireways drawn from the line
wire ¢ and the line wire d in association with each other.
[0027]

The controller 55 determines, from the stored voltage, whether the star connection
(the first state or the second state) or the delta connection (the third state or the fourth state) is
made. For example, the controller 55 determines that the star connection is made when a voltage
between the R-phase and the neutral line N (or the earth (E)), a voltage between the S-phase
and the neutral line N (or the earth (E)), and a voltage between the T-phase and the neutral line
N (or the earth (E)) are substantially the same as each other. The controller 55 determines that
the delta connection is made when there is a difference between the voltage between the R-
phase and the earth (E) and the voltage between the S-phase and the earth (E) or when there is
a difference between the voltage between the T-phase and the earth (E) and the voltage between
the S-phase and the earth (E).
[0028]

In the case in which the controller 55 determines that the star connection is made,
when the load is connected to any of the phases and the neutral line N, the controller 55
recognizes such a state as the first state, and when the load is not connected to any of the phases
and the neutral line N, the controller 55 recognizes such a state as the second state. Here, the
measurement apparatus 1 may include a first switch configured to indicate whether or not the
load is connected to any of the phases and the neutral line N. A user checks a connection state,
and turns ON or OFF the first switch. The controller 55 determines that the load is connected
to any of the phases and the neutral line N when the first switch is ON, and determines that the

load is not connected to any of the phases and the neutral line N when the first switch is OFF.
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In the case in which the controller 55 determines that the delta connection is made, when the
phases including the S-phase are clamped by the zero-phase current transformer, the controller
55 recognizes such a state as the third state, and when the phases including the S-phase are not
clamped by the zero-phase current transformer, the controller 55 recognizes such a state as the
fourth state. Here, the measurement apparatus 1 may include a second switch configured to
indicate whether or not the phases including the S-phase are clamped by the zero-phase current
transformer. The user checks the state of clamping by the zero-phase current transformer, and
turns ON or OFF the second switch. The controller 55 determines that the phases including the
S-phase are clamped by the zero-phase current transformer when the second switch is ON, and
determines that the phases including the S-phase are not clamped by the zero-phase current
transformer when the second switch is OFF.

[0029]

The direction of the leakage current is an angle when the leakage current is
represented by a vector. Here, in the case of the single-phase AC, the phase of a leakage current
component (loc) caused by a ground capacitance and the phase of a leakage current component
(Ior) caused by a ground insulation resistance directly related to an insulation resistance are
different from each other by 90 degrees. The leakage current (Io) detected by the zero-phase
current transformer is a combination of Ioc and Ior, and therefore appears somewhere in the
range of 90 degrees.

[0030]

As will be described later with reference to FIG. 9, for example, in the case of the star
connection, when the lor of the U-phase is caused at a position of 30 degrees, the Ior of the V-
phase is caused at a position of 150 degrees, and the Ior of the W-phase is caused at a position
of 270 degrees. Since the loc of the U-phase is caused at a position of 120 degrees, the lo of the

U-phase is caused in a range of 30 degrees to 120 degrees. Similarly, since the Ioc of the V-
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phase is caused at a position of 240 degrees, the o of the U-phase is caused in a range of 150
degrees to 240 degrees, and since the Ioc of the W-phase is caused at a position of 360 (0)
degrees, the Io of the U-phase is caused in a range of 270 degrees to 360 (0) degrees.

The controller 55 can recognize, from the direction of the leakage current lo detected by the
zero-phase current transformer, which line wires are clamped together.

[0031]

The selection processor 51 may be configured to connect only any two line wires (for
example, the line wire a and the line wire b) of the wireways forming the wireway to be
measured to the voltage detector 53. In the case of such a configuration, the selection processor
51 does not include the switcher 52, and performs arithmetic operation of shifting the phase of
the leakage current detected by the zero-phase current transformer clamping the line wires other
than the two connected line wires (for example, by 120°) to recognize the state (first to fourth
states) of the connection of the load.

[0032]

For example, the measurement apparatus 1 includes a first selector configured to
select whether the power source side is in the star connection or the delta connection, a second
selector configured to select which two line wires (phases) are connected to the voltage detector
53, and a third selector configured to select which two phases are clamped by the zero-phase
current transformer. The selection processor 51 recognizes the state of the connection of the
load based on the states selected by the first selector, the second selector, and the third selector,
and calculates the Ior.

[0033]

Specifically, in the case in which the first selector selects the star connection, the

second selector selects that the R-phase and the T-phase are connected to the voltage detector

53, and the third selector selects that the R-phase and the T-phase are clamped by the zero-
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phase current transformer, the state of the connection of the load is recognized as the second
state, and the lor is calculated according to the following equation:

Ior = Io x sinf/cos60°.

[0034]

In the case in which the first selector selects the star connection, the second selector
selects that the R-phase and the T-phase are connected to the voltage detector 53, and the third
selector selects that the S-phase and the T-phase are clamped by the zero-phase current
transformer, the state of the connection of the load is recognized as the second state. However,
since the phases connected to the voltage detector 53 are different from the phases clamped by
the zero-phase current transformer, the phase of the leakage current detected by the zero-phase
current transformer is shifted by 120°, and the lor is calculated according to the following
equation:

Tor = To x sin(6 — 120°)/cos60°.

[0035]

In the case in which the first selector selects the delta connection, the second selector
selects that the R-phase and the T-phase are connected to the voltage detector 53, and the third
selector selects that the S-phase and the T-phase are clamped by the zero-phase current
transformer, the state of the connection of the load is recognized as the third state. However,
since the phases connected to the voltage detector 53 are different from the phases clamped by
the zero-phase current transformer, the phase of the leakage current detected by the zero-phase
current transformer is shifted by 120°, and the lor is calculated according to the following
equation:

Tor =Io x cos(6 — 120°).

The first selector may further have a configuration for selecting whether or not the

power source side is the single phase.
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[0036]

As described above, the selection processor 51 measures all the voltages between the
phases and the voltages between the phases and the ground, recognizes the wireways from these
voltages, automatically recognizes the state (first to fourth states) of the connection of the load
from the phases clamped by the zero-phase current transformer (ZCT), and selects the
measurement unit according to the recognition result.

[0037]

In this manner, in the case where the three-phase AC output from the three-phase AC
power source is converted into the single-phase AC and the load is connected to the wireway
in which the single-phase AC flows, the measurement apparatus 1 can select the measurement
unit (the above-described first measurement unit 11 to fourth measurement unit 41) suitable for
the state (the above-described first to fourth states) of the three-phase AC power source and
accurately calculate the wireway electricity related value (particularly, the leakage current
component (lor) caused by the ground insulation resistance included in the leakage current) of
the wireway.

[0038]

<Configuration and Operation of First Measurement Unit 11>

Here, specific configuration and operation of the first measurement unit 11 will be
described. The first measurement unit 11 operates in the case of the first state in which the
three-phase AC power source in which the first phase, the second phase, the third phase, and
the neutral line are star-connected is connected to the wireway to be measured and the load is
connected to any one of the first phase, the second phase, or the third phase and the neutral line.
[0039]

FIG. 5 is a block diagram illustrating the configuration of the first measurement unit

11. Specifically, FIG. 5 is a block diagram illustrating the configuration of the first
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measurement unit 11 and a diagram illustrating a connection state between the first
measurement unit 11 and the wireway to be measured in the state in which the controller 55
recognizes the first state and the selection processor 51 selects the first measurement unit 11.
The first measurement unit 11 includes the leakage current detector 12, the voltage detector 13,
a phase angle calculator 14, and an ground insulation resistance leakage current component
calculator (hereinafter referred to as a leakage current component calculator) 15.

[0040]

The leakage current detector 12 detects a leakage current flowing in the wireway to
be measured to which the load is connected. The leakage current detector 12 detects a leakage
current flowing in a single-phase circuit branched from the star connection (Y-connection) of
the first phase, the second phase, and the third phase. While the first, second, and third phases
will be hereinafter referred to as “U-phase,” “V-phase,” and “W-phase,” respectively, the names
are not limited thereto. While the leakage current measured by the leakage current detector 12
will be hereinafter referred to as “lo,” the name is not limited thereto.

[0041]

A zero-phase current transformer (ZCT) 10 is connected to the leakage current
detector 12. The zero-phase current transformer 10 is configured to clamp the wireways
collectively. For example, the zero-phase current transformer 10 may be configured as a handy-
type split-core zero-phase current transformer, which makes it possible for an operator to easily
place the current transformer to the wireways on site. The leakage current detector 12 detects
(calculates) a leakage current (Io) flowing in the wireway to be measured, from a signal
measured by the zero-phase current transformer 10.

[0042]
The voltage detector 13 detects a voltage applied between the neutral line and any

one of the first phase, the second phase, or the third phase to which the load is connected. FIG.
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5 illustrates an example in which the load is disposed between the U-phase and the neutral line
N. The voltage detector 13 detects a voltage applied between the U-phase and the neutral line
N. The load may be disposed between the V-phase and the neutral line N or between the W-
phase and the neutral line N. In the case in which the load is disposed between the V-phase and
the neutral line N, the voltage detector 13 detects a voltage applied between the V-phase and
the neutral line N. In the case in which the load is disposed between the W-phase and the neutral
line N, the voltage detector 13 detects a voltage applied between the W-phase and the neutral
line N.
[0043]

The phase angle calculator 14 calculates a phase angle based on the leakage current
detected by the leakage current detector 12 and the voltage detected by the voltage detector 13.
Specifically, the phase angle calculator 14 detects the phase angle (8) through arithmetic
processing of the waveform of the leakage current (Io) detected by the leakage current detector
12 and the waveform of the voltage (e.g., reference voltage Vn.u) detected by the voltage
detector 13. For example, the phase angle calculator 14 detects the phase angle (0) between the
reference voltage Vn.u and the leakage current (Io) based on the zero-crossing point of the
reference voltage Vn.u and the zero-crossing point of the leakage current (Io). The arithmetic
processing for calculating the phase angle may be performed by synchronous detection or
discrete Fourier transform (DFT). The configuration in the case of using the synchronous
detection will be described later.
[0044]

The leakage current component calculator 15 calculates, according to the equation
(1) above, a leakage current component (Ior) caused by a ground insulation resistance included
in the leakage current from the leakage current (Io) detected by the leakage current detector 12

and the phase angle 0 calculated by the phase angle calculator 14. Hereinafter, the leakage
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current component caused by the ground insulation resistance may be referred to as “lor.”
[0045]

The above-described leakage current, voltage, phase angle, and leakage current
component caused by the ground insulation resistance are included in the wireway electricity
related value.

[0046]

In this manner, the measurement apparatus 1 including the first measurement unit 11
can accurately calculate the Ior caused in the single-phase circuit branched from the star
connection based on the leakage current (Io) detected by the leakage current detector 12 and
the phase angle (phase difference) calculated by the phase angle calculator 14. That is, the first
measurement unit 11 is a measurement unit used in the case in which the load is disposed
between the neutral line N and the U-phase, between the neutral line N and the V-phase, or
between the neutral line N and the W-phase in the star connection and is operated as the single-
phase circuit.

[0047]

Here, a potential difference between E (earth) and the neutral line N (between the N-
phase and the ground) is basically 0 [V], and a predetermined voltage (for example, 100 [V]) is
applied between the E and the U-phase, between the E and the V-phase, or between the E and
the W-phase (between each phase and the ground). The load is disposed between the neutral
line N and the U-phase, between the neutral line N and the V-phase, or between the neutral line
N and the W-phase to which the single-phase circuit is connected. The first measurement unit
11 detects a voltage V between the phases between which the load is disposed, obtains a phase
difference (0) between the waveform (sine wave) of the voltage V and the waveform of a
leakage current (Io) input from the zero-phase current transformer (ZCT) 10, and calculates the

Ior by substituting the leakage current (Io) and the phase difference (0) into the equation (1).
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[0048]

The measurement apparatus 1 can measure and calculate, as wireway electricity
related values, various numerical values including the above-described leakage current (Io) and
Ior, such as a current value, a power value, and the temporal histories and temporal variations
thereof. The measurement apparatus 1 can also inspect or monitor the wireway to be measured
using the wireway electricity related value.

[0049]

The configuration of the first measurement unit 11 is one example, and is not limited
to the above-described configuration. As illustrated in FIG. 6, the first measurement unit 11
may include an arithmetic unit 16 instead of the phase angle detector 14 and the leakage current
component calculator 15.

[0050]

The arithmetic unit 16 calculates a leakage current component lor(Io x cos8) caused
by a ground insulation resistance by integration by synchronous detection based on (the
waveform of) the leakage current detected by the leakage current detector 12 and (the waveform
of) the voltage detected by the voltage detector 13. The integration by the synchronous detection
is to calculate Io % cosf by integrating the waveform in a predetermined range such as 0 to 180
degrees, and one specific example will be described below. The integration by the synchronous
detection is not limited to the following calculation.

[0051]

The arithmetic unit 16 performs predetermined processing on the voltage value
(voltage waveform) detected by the voltage detector 13 and the leakage current (current
waveform) detected by the leakage current detector 12, outputs a parameter signal of a logical
signal, performs full-wave rectification on the leakage current (current waveform) detected by

the leakage current detector 12, performs quantized transform on the full-wave rectified current
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waveform by a continuous AX ADC, and measures parameters of logical signals of sin and cos
parts generated by the quantized transform and the average of the current waveform obtained
by the continuous AX ADC. Specifically, the arithmetic unit 16 performs logical processing on
the voltage value (voltage waveform) detected by the voltage detector 13 to generate a first
logical signal, performs logical processing on the leakage current (current waveform) detected
by the leakage current detector 12 to generate a second logical signal, performs arithmetic
processing on the first logical signal and the second logical signal, and outputs a
positive/negative or Hi/Lo signal (first signal). Moreover, the arithmetic unit 16 generates zero-
crossing points when the first logical signal changes, stores a time between the generated zero-
crossing points, inverts the first logical signal during a period in which a time from a next zero-
crossing point is the half of the stored time or less, performs phase conversion on the first logical
signal, performs arithmetic processing on the phase-converted voltage waveform and the
second logical signal, and outputs a positive/negative or Hi/Lo signal (second signal). The
arithmetic unit 16 can obtain the average of a desired type of current value by performing
counting by the quantized transform by the continuous AX ADC based on the first signal and
the second signal. The desired type of current value includes an AC value measurement, and an
input current I [A], an active current Ir = Icosf [A], and a reactive current IL - IC = Isin6 [A]
can be obtained. Here, the above-described “active current Ir = Icos0” is the leakage current
component lor caused by the ground insulation resistance.

[0052]

According to such a configuration, there is an advantage that the leakage current
component lor caused by the ground insulation resistance can be calculated without calculation
of the vector of the phase difference.

[0053]

<Configuration and Operation of Second Measurement Unit 21>
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Next, specific configuration and operation of the second measurement unit 21 will be
described. The second measurement unit 21 operates in the case of the second state in which
the three-phase AC power source in which the first phase, the second phase, and the third phase
are star-connected is connected to the wireway to be measured and the load is connected to any
two of the first phase, the second phase, and the third phase.

[0054]

FIG. 7 is a block diagram illustrating the configuration of the second measurement
unit 21. Specifically, FIG. 7 is a block diagram illustrating the configuration of the second
measurement unit 21 and a diagram illustrating a connection state between the second
measurement unit 21 and the wireway to be measured in a state in which the controller 55
recognizes the second state and the selection processor 51 selects the second measurement unit
21. The second measurement unit 21 includes the leakage current detector 22, the voltage
detector 23, a phase angle calculator 24, and an ground insulation resistance leakage current
component calculator (hereinafter referred to as a leakage current component calculator) 25.
[0055]

The leakage current detector 22 detects a leakage current flowing in the wireway to
be measured to which the load is connected. The leakage current detector 22 detects a leakage
current flowing in a single-phase circuit branched from the star connection (Y-connection) of
the first phase, the second phase, and the third phase. While the first, second, and third phases
will be hereinafter referred to as “U-phase,” “V-phase,” and “W-phase,” respectively, the names
are not limited thereto. While the leakage current measured by the leakage current detector 22
will be hereinafter referred to as “lo,” the name is not limited thereto.

[0056]
A zero-phase current transformer (ZCT) 10 is connected to the leakage current

detector 22. The zero-phase current transformer 10 is configured to clamp the wireways
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collectively. For example, the zero-phase current transformer 10 may be configured as a handy-
type split-core zero-phase current transformer, which makes it possible for an operator to easily
place the current transformer to the wireways on site. The leakage current detector 22 detects
(calculates) an Io flowing in the wireway to be measured, from a signal measured by the zero-
phase current transformer 10.
[0057]

The voltage detector 23 detects a voltage applied between two phases to which the
load is connected. FIG. 7 illustrates an example in which the load is disposed between the U-
phase and the W-phase. The voltage detector 23 detects a voltage applied between the U-phase
and the W-phase. The load may be disposed between the V-phase and the U-phase or between
the V-phase and the W-phase. In the case in which the load is disposed between the V-phase
and the U-phase, the voltage detector 23 detects a voltage applied between the V-phase and the
U-phase. In the case in which the load is disposed between the V-phase and the W-phase, the
voltage detector 23 detects a voltage applied between the V-phase and the W-phase.
[0058]

The phase angle calculator 24 calculates a phase angle based on the leakage current
detected by the leakage current detector 22 and the voltage detected by the voltage detector 23.
Specifically, the phase angle calculator 24 detects the phase angle (0) through arithmetic
processing of the waveform of the leakage current (Io) detected by the leakage current detector
22 and the waveform of the voltage (e.g., reference voltage Vu.w) detected by the voltage
detector 23. For example, the phase angle calculator 24 detects the phase angle (0) between the
reference voltage Vu.w and the leakage current (Io) based on the zero-crossing point of the
reference voltage Vu.w and the zero-crossing point of the leakage current (Io). The arithmetic
processing for calculating the phase angle may be performed by synchronous detection or

discrete Fourier transform (DFT). The configuration in the case of using the synchronous
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detection will be described later.
[0059]

The leakage current component calculator 25 calculates, according to the equation
(2) above, a leakage current component lor caused by a ground insulation resistance included
in the leakage current from the leakage current (Io) detected by the leakage current detector 22
and the phase angle 0 calculated by the phase angle calculator 24.

[0060]

The above-described leakage current, voltage, phase angle, and leakage current
component caused by the ground insulation resistance are included in the wireway electricity
related value.

[0061]

In this manner, the measurement apparatus 1 including the second measurement unit
21 can accurately calculate the Ior caused in the single-phase circuit branched from the star
connection based on the leakage current (Io) detected by the leakage current detector 22 and
the phase angle (phase difference) calculated by the phase angle calculator 24. That is, the
second measurement unit 21 is a measurement unit used in a case where the load is disposed
between the U-phase and the V-phase, between the V-phase and the W-phase, or between the
U-phase and the W-phase in the star connection and is operated as the single-phase circuit.
[0062]

For example, in a case where the load is connected as the single-phase circuit between
the U-phase and the V-phase, the voltage between the E (earth) and the U-phase and the voltage
between the E and the V-phase are the same as each other (for example, 100 [V]), and the
voltage between the U-phase and the V-phase is different (for example, 200 [V]). The load is
disposed between the U-phase and the V-phase, between the V-phase and the W-phase, or

between the U-phase and the W-phase. The second measurement unit 21 detects a voltage V

28



10

15

20

25

between the phases between which the load is disposed, obtains a phase difference (0) between
the waveform (sine wave) of the voltage V and the waveform of a leakage current (Io) input
from the zero-phase current transformer (ZCT) 10, and calculates the Ior by substituting the
leakage current (Io) and the phase difference (6) into the equation (2).

[0063]

Here, the U-phase and the V-phase have the same potential difference with respect to
the ground in a normal state. In this case, even if floating capacitances are caused in the U-
phase and the V-phase, the same amount of floating capacitance is caused in both phases, and
the floating capacitances are not unbalanced.

[0064]

Here, a reason why the unbalance does not occur will be described below. The
leakage current (Io) includes a leakage current component (hereinafter referred to as “loc”)
caused by a ground capacitance and a leakage current component (hereinafter referred to as
“Ior”) caused by a ground insulation resistance directly related to an insulation resistance.
[0065]

Vector representations of the loc and the lor will be described with reference to FIG.
9. FIG. 9 is a diagram schematically illustrating the vector representations of the Ior and the Ioc
of each phase.

[0066]

Relative to a reference voltage of 0 degrees, in a case where a resistance component
leakage current (hereinafter may be referred to as “Ior(u)”’) flowing in the U-phase is caused at
a position of 30 degrees in the vector representation, a resistance component leakage current
(hereinafter may be referred to as “lor(v)") flowing in the V-phase is caused at a position of
150 degrees, and a resistance component leakage current (hereinafter may be referred to as

“Ilor(w)") flowing in the W-phase is caused at a position of 270 degrees. Hereinafter, the vector
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Ior(u) will be simply referred to as “lor(u),” the vector Ior(v) will be simply referred to as
“Ior(v),” and the vector lor(w) will be simply referred to as “lor(w).” In this embodiment, the
potential between the U-phase and the V-phase is regarded as the reference voltage, which is
set to 0 degrees.

[0067]

A capacitive component leakage current (hereinafter referred to as “loc(u)”) flowing
in the U-phase is caused at a position of 120 degrees which is advanced from the lor(u) by 90
degrees (m/2). A capacitive component leakage current (hereinafter referred to as “loc(v)”)
flowing in the V-phase is caused at a position of 240 degrees which is advanced from the Ior(v)
by 90 degrees (n/2). A capacitive component leakage current (hereinafter may be referred to as
“Ioc(s)") flowing in the W-phase is caused at a position of 0 degrees (360 degrees) which is
advanced from the lor(w) by 90 degrees (n/2).

[0068]

Hereinafter, the vector loc(u) will be simply referred to as “loc(u),” the vector loc(v)
will be simply referred to as “loc(v),” and the vector loc(s) will be simply referred to as “loc(s).”
[0069]

A vector (Ioc(uv)) obtained by combining the Ioc(u) and the loc(v) is caused at a
position of 180 degrees. That is, the loc(u) caused in the U-phase and the Ioc(v) caused in the
V-phase are not unbalanced.

[0070]

In a case where the Ioc(u), the Ioc(v), and the Ioc(w) are balanced, the Ioc(uv) and

the Toc(w) are combined and cancel each other, and the loc is not caused.
[0071]
The measurement apparatus 1 can measure and calculate, as wireway electricity

related values, various numerical values including the above-described leakage current (Io) and
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Ior, such as a current value, a power value, and the temporal histories and temporal variations
thereof. The measurement apparatus 1 can also inspect or monitor the wireway to be measured
using the wireway electricity related value.

[0072]

The configuration of the second measurement unit 21 is one example, and is not
limited to the above-described configuration. As illustrated in FIG. 8, the second measurement
unit 21 may include an arithmetic unit 26 instead of the phase angle detector 24 and the leakage
current component calculator 25.

[0073]

The arithmetic unit 26 calculates a leakage current component Ior(Io x sin6/cos60°)
caused by a ground insulation resistance by integration by synchronous detection based on (the
waveform of) the leakage current detected by the leakage current detector 22 and (the waveform
of) the voltage detected by the voltage detector 23. The integration by the synchronous detection
is to calculate Io x sinf by integrating the waveform in a predetermined range such as 90 to 270
degrees and divide lo % sinf by cos60°, and one specific example will be described below. The
integration by the synchronous detection is not limited to the following calculation.

[0074]

The arithmetic unit 26 performs predetermined processing on the voltage value
(voltage waveform) detected by the voltage detector 23 and the leakage current (current
waveform) detected by the leakage current detector 22, outputs a parameter signal of a logical
signal, performs full-wave rectification on the leakage current (current waveform) detected by
the leakage current detector 22, performs quantized transform on the full-wave rectified current
waveform by a continuous AX ADC, and measures parameters of logical signals of sin and cos
parts generated by the quantized transform and the average of the current waveform obtained

by the continuous AX ADC. Specifically, the arithmetic unit 26 performs logical processing on
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the voltage value (voltage waveform) detected by the voltage detector 23 to generate a first
logical signal, performs logical processing on the leakage current (current waveform) detected
by the leakage current detector 22 to generate a second logical signal, performs arithmetic
processing on the first logical signal and the second logical signal, and outputs a
positive/negative or Hi/Lo signal (first signal). Moreover, the arithmetic unit 26 generates zero-
crossing points when the first logical signal changes, stores a time between the generated zero-
crossing points, inverts the first logical signal during a period in which a time from a next zero-
crossing point is the half of the stored time or less, performs phase conversion on the first logical
signal, performs arithmetic processing on the phase-converted voltage waveform and the
second logical signal, and outputs a positive/negative or Hi/Lo signal (second signal). The
arithmetic unit 26 can obtain the average of a desired type of current value by performing
counting by the quantized transform by the continuous AX ADC based on the first signal and
the second signal. The desired type of current value includes an AC value measurement, and an
input current [ [A], an active current Ir = Icosf [A], and a reactive current IL - IC = Isinf [A]
can be obtained. The arithmetic unit 26 divides the “reactive current IL - IC = Isinf” by cos60°
to calculate the leakage current component lor caused by the ground insulation resistance.
[0075]

According to such a configuration, there is an advantage that the leakage current
component lor caused by the ground insulation resistance can be calculated without calculation
of the phase angle.

[0076]

<Configuration and Operation of Third Measurement Unit 31>

Next, specific configuration and operation of the third measurement unit 31 will be
described. The third measurement unit 31 operates in the case of the third state in which the

three-phase AC power source in which the first phase, the second phase, and the third phase are
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delta-connected and any one of these phases is grounded is connected to the wireway to be
measured and the load is connected to the grounded phase and any one of the non-grounded
phases.
[0077]

FIG. 10 is a block diagram illustrating the configuration of the third measurement
unit 31. Specifically, FIG. 10 is a block diagram illustrating the configuration of the third
measurement unit 31 and a diagram illustrating a connection state between the third
measurement unit 31 and the wireway to be measured in a state in which the controller 55
recognizes the third state and the selection processor 51 selects the third measurement unit 31.
The third measurement unit 31 includes the leakage current detector 32, the voltage detector 33,
a phase angle calculator 34, and an ground insulation resistance leakage current component
calculator (hereinafter referred to as a leakage current component calculator) 35.

[0078]

The leakage current detector 32 detects a leakage current flowing in the wireway to
be measured to which the load is connected. The leakage current detector 32 detects a leakage
current flowing in a single-phase circuit branched from the delta (A) connection of the first
phase, the second phase, and the third phase. While the first, second, and third phases are
hereinafter referred to as “R-phase,” “S-phase,” and “T-phase,” respectively, the names are not
limited thereto. While the leakage current measured by the leakage current detector 32 will be
hereinafter referred to as “lo,” the name is not limited thereto. In the present embodiment, the
S-phase is grounded, but the R-phase or the T-phase may be grounded.

[0079]

A zero-phase current transformer (ZCT) 10 is connected to the leakage current

detector 32. The zero-phase current transformer 10 is configured to clamp the wireways

collectively. For example, the zero-phase current transformer 10 may be configured as a handy-
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type split-core zero-phase current transformer, which makes it possible for an operator to easily
place the current transformer to the wireways on site. The leakage current detector 32 detects
(calculates) an Io flowing in the wireway to be measured, from a signal measured by the zero-
phase current transformer 10.
[0080]

The voltage detector 33 detects a voltage applied between the phases to which the
load is connected. FIG. 10 illustrates an example in which the load is disposed between the R-
phase and the S-phase. The voltage detector 33 detects a voltage applied between the R-phase
and the S-phase. The load may be disposed between the T-phase and the S-phase. In the case
in which the load is disposed between the T-phase and the S-phase, the voltage detector 33
detects a voltage applied between the T-phase and the S-phase.
[0081]

The phase angle calculator 34 calculates a phase angle based on the leakage current
detected by the leakage current detector 32 and the voltage detected by the voltage detector 33.
Specifically, the phase angle calculator 34 detects the phase angle (8) through arithmetic
processing of the waveform of the leakage current (Io) detected by the leakage current detector
32 and the waveform of the voltage (e.g., reference voltage Vr-s) detected by the voltage
detector 33. For example, the phase angle calculator 34 detects the phase angle (0) between the
reference voltage Vr-s and the leakage current (Io) based on the zero-crossing point of the
reference voltage Vr.s and the zero-crossing point of the leakage current (Io). The arithmetic
processing for calculating the phase angle may be performed by synchronous detection or
discrete Fourier transform (DFT). The configuration in the case of using the synchronous
detection will be described later.
[0082]

The leakage current component calculator 35 calculates, according to the equation
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(3) above, a leakage current component lor caused by a ground insulation resistance included
in the leakage current from the leakage current (Io) detected by the leakage current detector 32
and the phase angle 0 calculated by the phase angle calculator 34.

[0083]

The above-described leakage current, voltage, phase angle, and leakage current
component caused by the ground insulation resistance are included in the wireway electricity
related value.

[0084]

In this manner, the measurement apparatus 1 including the third measurement unit 31
can accurately calculate the Ior caused in the single-phase circuit branched from the delta
connection based on the leakage current (Io) detected by the leakage current detector 32 and
the phase angle (phase difference) calculated by the phase angle calculator 34. That is, the third
measurement unit 31 is a measurement unit used in a case where the load is disposed between
the R-phase and the S-phase (grounded phase) or between the T-phase and the S-phase
(grounded phase) in the delta connection and is operated as the single-phase circuit.

[0085]

Here, a potential difference between E (earth) and the S-phase (grounded phase)
(between the S-phase and the ground) is basically 0 [V], and a predetermined voltage (for
example, 200 [V]) is applied between the E and the R-phase and between the E and the T-phase
(between each phase and the ground). The load is disposed between the S-phase and the R-
phase or between the S-phase and the T-phase to which the single-phase circuit is connected.
The second measurement unit 21 detects a voltage V between the phases between which the
load is disposed, obtains a phase difference (8) between the waveform (sine wave) of the voltage
V and the waveform of a leakage current (Io) input from the zero-phase current transformer

(ZCT) 10, and calculates the Ior by substituting the leakage current (Io) and the phase difference
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(0) into the equation (3).
[0086]

The measurement apparatus 1 can measure and calculate, as wireway electricity
related values, various numerical values including the above-described leakage current (Io) and
Ior, such as a current value, a power value, and the temporal histories and temporal variations
thereof. The measurement apparatus 1 can also inspect or monitor the wireway to be measured
using the wireway electricity related value.

[0087]

The configuration of the third measurement unit 31 is one example, and is not limited
to the above-described configuration. As illustrated in FIG. 11, the third measurement unit 31
may include an arithmetic unit 36 instead of the phase angle detector 34 and the leakage current
component calculator 35.

[0088]

The arithmetic unit 36 calculates a leakage current component lor(Io x cos8) caused
by a ground insulation resistance by integration by synchronous detection based on (the
waveform of) the leakage current detected by the leakage current detector 32 and (the waveform
of) the voltage detected by the voltage detector 33. The integration by the synchronous detection
is to calculate Io x cosf by integrating the waveform in a predetermined range such as 0 to 180
degrees, and one specific example will be described below. The integration by the synchronous
detection is not limited to the following calculation.

[0089]

The arithmetic unit 36 performs predetermined processing on the voltage value
(voltage waveform) detected by the voltage detector 33 and the leakage current (current
waveform) detected by the leakage current detector 32, outputs a parameter signal of a logical

signal, performs full-wave rectification on the leakage current (current waveform) detected by
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the leakage current detector 32, performs quantized transform on the full-wave rectified current
waveform by a continuous AX ADC, and measures parameters of logical signals of sin and cos
parts generated by the quantized transform and the average of the current waveform obtained
by the continuous AX ADC. Specifically, the arithmetic unit 36 performs logical processing on
the voltage value (voltage waveform) detected by the voltage detector 33 to generate a first
logical signal, performs logical processing on the leakage current (current waveform) detected
by the leakage current detector 32 to generate a second logical signal, performs arithmetic
processing on the first logical signal and the second logical signal, and outputs a
positive/negative or Hi/Lo signal (first signal). Moreover, the arithmetic unit 36 generates zero-
crossing points when the first logical signal changes, stores a time between the generated zero-
crossing points, inverts the first logical signal during a period in which a time from a next zero-
crossing point is the half of the stored time or less, performs phase conversion on the first logical
signal, performs arithmetic processing on the phase-converted voltage waveform and the
second logical signal, and outputs a positive/negative or Hi/Lo signal (second signal). The
arithmetic unit 36 can obtain the average of a desired type of current value by performing
counting by the quantized transform by the continuous AX ADC based on the first signal and
the second signal. The desired type of current value includes an AC value measurement, and an
input current I [A], an active current Ir = Icosf [A], and a reactive current IL - IC = Isin6 [A]
can be obtained. Here, the above-described “active current Ir = Icos0” is the leakage current
component lor caused by the ground insulation resistance.
[0090]

According to such a configuration, there is an advantage that the leakage current
component lor caused by the ground insulation resistance can be calculated without calculation
of the phase angle.

[0091]
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<Configuration and Operation of Fourth Measurement Unit 41>

Specific configuration and operation of the fourth measurement unit 41 will be
described. The fourth measurement unit 41 operates in the fourth state in which the three-phase
AC power source in which the first phase, the second phase, and the third phase are delta-
connected and any one of these phases is grounded is connected to the wireway to be measured
and the load is connected to the non-grounded two phases.

[0092]

FIG. 12 is a block diagram illustrating the configuration of the fourth measurement
unit 41. Specifically, FIG. 12 is a block diagram illustrating the configuration of the fourth
measurement unit 41 and a diagram illustrating a connection state between the fourth
measurement unit 41 and the wireway to be measured in a state in which the controller 55
recognizes the fourth state and the selection processor 51 selects the fourth measurement unit
41. The fourth measurement unit 41 includes the leakage current detector 42, the voltage
detector 43, a phase angle calculator 44, and an ground insulation resistance leakage current
component calculator (hereinafter referred to as a leakage current component calculator) 45.
[0093]

The leakage current detector 42 detects a leakage current flowing in the wireway to
be measured to which the load is connected. The leakage current detector 42 detects a leakage
current flowing in a single-phase circuit branched from the delta (A) connection of the first
phase, the second phase, and the third phase. While the first, second, and third phases are
hereinafter referred to as “R-phase,” “S-phase,” and “T-phase,” respectively, the names are not
limited thereto. While the leakage current measured by the leakage current detector 42 will be
hereinafter referred to as “lo,” the name is not limited thereto. In the present embodiment, the
S-phase is grounded, but the R-phase or the T-phase may be grounded.

[0094]
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A zero-phase current transformer (ZCT) 10 is connected to the leakage current
detector 42. The zero-phase current transformer 10 is configured to clamp the wireways
collectively. For example, the zero-phase current transformer 10 may be configured as a handy-
type split-core zero-phase current transformer, which makes it possible for an operator to easily
place the current transformer to the wireways on site. The leakage current detector 42 detects
(calculates) an Io flowing in the wireway to be measured, from a signal measured by the zero-
phase current transformer 10.

[0095]

The voltage detector 43 detects a voltage applied between the phases to which the
load is connected. FIG. 12 illustrates an example where the load is disposed between the R-
phase and the T-phase. The voltage detector 43 detects a voltage applied between the R-phase
and the T-phase.

[0096]

The phase angle calculator 44 calculates a phase angle based on the leakage current
detected by the leakage current detector 42 and the voltage detected by the voltage detector 43.
Specifically, the phase angle calculator 44 detects the phase angle (0) through arithmetic
processing of the waveform of the leakage current (Io) detected by the leakage current detector
42 and the waveform of the voltage (e.g., reference voltage Vr.-1) detected by the voltage
detector 43. For example, the phase angle calculator 44 detects the phase angle (0) between the
reference voltage Vr.t and the leakage current (Io) based on the zero-crossing point of the
reference voltage Vr.t and the zero-crossing point of the leakage current (Io). The arithmetic
processing for calculating the phase angle may be performed by synchronous detection or
discrete Fourier transform (DFT). The configuration in the case of using the synchronous
detection will be described later.

[0097]
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The leakage current component calculator 45 calculates, according to equation (4)
above, a leakage current component lor caused by a ground insulation resistance included in
the leakage current from the leakage current (Io) detected by the leakage current detector 42
and the phase angle 0 calculated by the phase angle calculator 44.

[0098]

The above-described leakage current, voltage, phase angle, and leakage current
component caused by the ground insulation resistance are included in the wireway electricity
related value.

[0099]

In this manner, the measurement apparatus 1 including the fourth measurement unit
41 can accurately calculate the lor caused in the single-phase circuit branched from the delta
connection based on the leakage current (Io) detected by the leakage current detector 42 and
the phase angle (phase difference) calculated by the phase angle calculator 44. That is, the fourth
measurement unit 41 is a measurement unit used in a case where the load is disposed between
the non-grounded phases (between the R-phase and the T-phase in the delta connection and is
operated as the single-phase circuit.

[0100]

For example, in a case where the load is connected as the single-phase circuit between
the R-phase and the T-phase, the voltage between the E (earth) and the R-phase and the voltage
between the E and the T-phase are the same as each other (for example, 200 [V]). The load is
disposed between the R-phase and the T-phase. The fourth measurement unit 41 detects a
voltage V between the phases between which the load is disposed, obtains a phase difference
(0) between the waveform (sine wave) of the voltage V and the waveform of a leakage current
(Io) input from the zero-phase current transformer (ZCT) 10, and calculates the lor by

substituting the leakage current (Io) and the phase difference (0) into the equation (4).
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[0101]

Here, the R-phase and the T-phase have the same potential difference with respect to
the ground. In this case, even if floating capacitances are caused in the R-phase and the T-phase,
the same amount of floating capacitance is caused in both phases, and the floating capacitances
are not unbalanced.

[0102]

Here, a reason why the unbalance does not occur will be described below. When the
voltage between the R-phase and the T-phase is detected by the voltage detector 43 and a
reference point is obtained from the detected voltage, the axis of the R-phase is at a position of
60 degrees from the reference point, and the axis of the T-phase is at a position of 120 degrees
from the reference point, as illustrated in FIG. 14. Further, since a phase difference between the
Ior (hereinafter referred to as lor(r)) of the R-phase and the reference point is 60 degrees, the
Ior(r) is caused on the axis of the R-phase. Since a phase difference between the lor (hereinafter
referred to as lor(t)) of the T-phase and the reference point is 120 degrees, the lor(t) is caused
on the axis of the T-phase.

[0103]

The Ioc (hereinafter referred to as Ioc(r)) of the R-phase is caused at a position of 90
degrees from the axis of the R-phase, and therefore, is caused at a position of 150 degrees. The
Ioc (hereinafter referred to as loc(t)) of the T-phase is caused at a position of 90 degrees from
the axis of the T-phase, and therefore, is caused at a position of 210 degrees. In a case where
the Toc(r) and the loc(t) are balanced, an Ioc(rt) obtained by combining the loc(r) and the Ioc(t)
(vector combination) is caused in a direction of 180 degrees from the reference axis (“—X”
direction in FIG. 14). That is, the loc(r) caused in the R-phase and the loc(t) caused in the T-

phase are not unbalanced.

[0104]
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The measurement apparatus 1 can measure and calculate, as wireway electricity
related values, various numerical values including the above-described leakage current (Io) and
Ior, such as a current value, a power value, and the temporal histories and temporal variations
thereof. The measurement apparatus 1 can also inspect or monitor the wireway to be measured
using the wireway electricity related value.

[0105]

The configuration of the fourth measurement unit 41 is one example, and is not
limited to the above-described configuration. As illustrated in FIG. 13, the fourth measurement
unit 41 may include an arithmetic unit 46 instead of the phase angle detector 44 and the leakage
current component calculator 45.

[0106]

The arithmetic unit 46 calculates a leakage current component lor(Io x sinf/cos30°)
caused by a ground insulation resistance by integration by synchronous detection based on (the
waveform of) the leakage current detected by the leakage current detector 42 and (the waveform
of) the voltage detected by the voltage detector 43. The integration by the synchronous detection
is to calculate Io X sinf by integrating the waveform in a predetermined range such as 90 to 270
degrees and divide lo % sinf by cos30°, and one specific example will be described below. The
integration by the synchronous detection is not limited to the following calculation.

[0107]

The arithmetic unit 46 performs predetermined processing on the voltage value
(voltage waveform) detected by the voltage detector 43 and the leakage current (current
waveform) detected by the leakage current detector 42, outputs a parameter signal of a logical
signal, performs full-wave rectification on the leakage current (current waveform) detected by
the leakage current detector 42, performs quantized transform on the full-wave rectified current

waveform by a continuous AX ADC, and measures parameters of logical signals of sin and cos
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parts generated by the quantized transform and the average of the current waveform obtained
by the continuous AX ADC. Specifically, the arithmetic unit 46 performs logical processing on
the voltage value (voltage waveform) detected by the voltage detector 43 to generate a first
logical signal, performs logical processing on the leakage current (current waveform) detected
by the leakage current detector 42 to generate a second logical signal, performs arithmetic
processing on the first logical signal and the second logical signal, and outputs a
positive/negative or Hi/Lo signal (first signal). Moreover, the arithmetic unit 46 generates zero-
crossing points when the first logical signal changes, stores a time between the generated zero-
crossing points, inverts the first logical signal during a period in which a time from a next zero-
crossing point is the half of the stored time or less, performs phase conversion on the first logical
signal, performs arithmetic processing on the phase-converted voltage waveform and the
second logical signal, and outputs a positive/negative or Hi/Lo signal (second signal). The
arithmetic unit 46 can obtain the average of a desired type of current value by performing
counting by the quantized transform by the continuous AX ADC based on the first signal and
the second signal. The desired type of current value includes an AC value measurement, and an
input current [ [A], an active current Ir = Icosf [A], and a reactive current IL - IC = Isinf [A]
can be obtained. The arithmetic unit 46 divides the “reactive current IL - IC = Isin” by cos30°
to calculate the leakage current component lor caused by the ground insulation resistance.
[0108]

According to such a configuration, there is an advantage that the leakage current
component lor caused by the ground insulation resistance can be calculated without calculation
of the phase angle.

[0109]
In the present embodiment, the first measurement unit 11, the second measurement

unit 21, the third measurement unit 31, and the fourth measurement unit 41 are independently
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configured, but the present disclosure is not limited thereto. For example, the leakage current
detectors 12, 22, 32, 42 may be configured as one unit, the voltage detectors 13, 23, 33, 43 may
be configured as one unit, the phase angle calculators 14, 24, 34, 44 may be configured as one
unit, and the leakage current component calculators 15, 25, 35, 45 may be configured as one
unit.
[0110]

FIG. 15 is a diagram showing another configuration of a measurement apparatus 1c.
The measurement apparatus 1c includes a measurement unit 101 and a selection processor 102.
[0111]

The measurement unit 101 measures a wireway electricity related value which is a
value related to electricity of a wireway branched from a wireway to be measured to which a
star-connected or delta-connected three-phase AC power source is connected and branched
from a three-phase AC to a single-phase AC and distributed.
[0112]

The selection processor 102 selects one state from two or more of a first state in which
a three-phase AC power source in which a first phase, a second phase, a third phase, and a
neutral line are star-connected is connected to a wireway to be measured and a load is connected
to any one of the first phase, the second phase, or the third phase and the neutral line, a second
state in which a three-phase AC power source in which a first phase, a second phase, and a third
phase are star-connected is connected to a wireway to be measured and a load is connected to
any two of the first phase, the second phase, and the third phase, a third state in which a three-
phase AC power source in which a first phase, a second phase, and a third phase are delta-
connected and any one of the phases is grounded is connected to a wireway to be measured and
a load is connected to the grounded phase and any one of the non-grounded phases, and a fourth

state in which a three-phase AC power source in which a first phase, a second phase, and a third
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phase are delta-connected and any one of the phases is grounded is connected to a wireway to
be measured and a load is connected to the non-grounded two phases.
[0113]

In a case where the selection processor 102 selects the first state or the third state, the
measurement unit 101 calculates, according to the following equation, a leakage current
component lor caused by a ground insulation resistance included in a leakage current lo, which
is one of the wireway electricity related values, flowing in the wireway to be measured based
on a phase angle 0 calculated from the leakage current lo and a voltage applied between any
one of the first phase, the second phase, or the third phase to which the load is connected and
the neutral line:

Ior = Io % cos®.

In a case where the selection processor 102 selects the second state, the measurement
unit 101 calculates, according to the following equation, a leakage current component lor
caused by a ground insulation resistance included in a leakage current lo, which is one of the
wireway electricity related values, flowing in the wireway to be measured based on a phase
angle 0 calculated from the leakage current lo and a voltage applied between the two phases to
which the load is connected:

Ior =Io x sinf/cos60°.

In a case where the selection processor 102 selects the fourth state, the measurement
unit 101 calculates, according to the following equation, a leakage current component lor
caused by a ground insulation resistance included in a leakage current lo, which is one of the
wireway electricity related values, flowing in the wireway to be measured based on a phase
angle 0 calculated from the leakage current lo and a voltage applied between the phases to
which the load is connected:

Ior = Io x sinO/cos30°.
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[0114]

<Measurement Method>

Here, a measurement method by the measurement apparatus 1 will be described. FIG.
16 is a flowchart for describing a procedure of the measurement method.

[0115]

In a step STI, the selection processor 51 selects any one of the plurality of
measurement units configured to measure, by different configurations, wireway electricity
related values which are values related to electricity of a wireway branched from a wireway to
be measured to which a star-connected or delta-connected three-phase AC power source is
connected and branched from a three-phase AC to a single-phase AC and distributed (selection
processing step).

[0116]

In a step ST2, the measurement unit 2 performs measurement by any one of the first
measurement unit 11 to the fourth measurement unit 41, which has been selected in the selection
processing step (measurement step).

[0117]

Here, the first measurement unit 11 measures, by the first configuration, the wireway
electricity related value which is the value related to the electricity of the wireway branched
from the wireway to be measured to which the star-connected three-phase AC power source is
connected and branched from the three-phase AC to the single-phase AC and distributed.
[0118]

The second measurement unit 21 measures, by the second configuration, a wireway
electricity related value which is a value related to electricity of a wireway branched from a
wireway to be measured to which a star-connected three-phase AC power source is connected

and branched from a three-phase AC to a single-phase AC and distributed.
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[0119]

The third measurement unit 31 measures, by the third configuration, a wireway
electricity related value which is a value related to electricity of a wireway branched from a
wireway to be measured to which a delta-connected three-phase AC power source is connected
and branched from a three-phase AC to a single-phase AC and distributed.

[0120]

The fourth measurement unit 41 measures, by the fourth configuration, a wireway
electricity related value which is a value related to electricity of a wireway branched from a
wireway to be measured to which a delta-connected three-phase AC power source is connected
and branched from a three-phase AC to a single-phase AC and distributed.

[0121]

The measurement unit 2 includes any two or more of the first measurement unit 11
to the fourth measurement unit 41. In the measurement method, in a case where the three-phase
AC output from the three-phase AC power source is converted into the single-phase AC and
the load is connected to the wireway in which the single-phase AC flows, the measurement unit
can be switched to the measurement unit (the above-described first measurement unit 11 to
fourth measurement unit 41) suitable for the state (the above-described first to fourth states) of
the three-phase AC power source, and the lor of such a wireway can be accurately calculated.
[0122]

In the selection processing step, the first measurement unit 11 is selected in the case
of the first state in which the three-phase AC power source in which the first phase, the second
phase, the third phase, and the neutral line are star-connected is connected to the wireway to be
measured and the load is connected to any one of the first phase, the second phase, or the third
phase and the neutral line.

[0123]
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In the selection processing step, the second measurement unit 21 is selected in the
case of the second state in which the three-phase AC power source in which the first phase, the
second phase, and the third phase are star-connected is connected to the wireway to be measured
and the load is connected to any two of the first phase, the second phase, and the third phase.
[0124]

In the selection processing step, the third measurement unit 31 is selected in the case
of the third state in which the three-phase AC power source in which the first phase, the second
phase, and the third phase are delta-connected and any one of these phases is grounded is
connected to the wireway to be measured and the load is connected to the grounded phase and
any one of the non-grounded phases.

[0125]

In the selection processing step, the fourth measurement unit 41 is selected in the case
of the fourth state in which the three-phase AC power source in which the first phase, the second
phase, and the third phase are delta-connected and any one of these phases is grounded is
connected to the wireway to be measured and the load is connected to the non-grounded two
phases.

[0126]

As the first configuration, the first measurement unit 11 calculates, according to the
following equation, the leakage current component lor caused by the ground insulation
resistance included in the leakage current Io flowing in the wireway to be measured based on
the phase angle 0 calculated from the leakage current lo and the voltage applied between any
one of the first phase, the second phase, or the third phase to which the load is connected and
the neutral line:

Ior = Io x cos6.

[0127]
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The above-described leakage current, voltage, phase angle, and leakage current
component caused by the ground insulation resistance are included in the wireway electricity
related value.

[0128]

As the second configuration, the second measurement unit 21 calculates, according
to the following equation, the leakage current component lor caused by the ground insulation
resistance included in the leakage current Io flowing in the wireway to be measured based on
the phase angle 6 calculated from the leakage current Io and the voltage applied between the
two phases to which the load is connected:

Ior = Io % sinB/cos60°.

[0129]

The above-described leakage current, voltage, phase angle, and leakage current
component caused by the ground insulation resistance are included in the wireway electricity
related value.

[0130]

As the third configuration, the third measurement unit 31 calculates, according to the
following equation, the leakage current component lor caused by the ground insulation
resistance included in the leakage current o flowing in the wireway to be measured based on
the phase angle 6 calculated from the leakage current o and the voltage applied between the
phases to which the load is connected:

Ior = Io % cos®.

[0131]

The above-described leakage current, voltage, phase angle, and leakage current

component caused by the ground insulation resistance are included in the wireway electricity

related value.
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[0132]

As the fourth configuration, the fourth measurement unit 41 calculates, according to
the following equation, the leakage current component lor caused by the ground insulation
resistance included in the leakage current lo flowing in the wireway to be measured based on
the phase angle 0 calculated from the leakage current Io and the voltage applied between the
phases to which the load is connected:

Ior = Io % sinB/cos30°.

[0133]

The above-described leakage current, voltage, phase angle, and leakage current
component caused by the ground insulation resistance are included in the wireway electricity
related value.

[0134]

Next, another measurement method by the measurement apparatus 1 will be
described. FIG. 17 is a flowchart for describing a procedure of the another measurement method.
[0135]

In a step ST101, the measurement unit 101 measures a wireway electricity related
value which is a value related to electricity of a wireway branched from a wireway to be
measured to which a star-connected or delta-connected three-phase AC power source is
connected and branched from a three-phase AC to a single-phase AC and distributed
(measurement step).

[0136]

In a step ST102, the selection processor 102 selects one state from two or more of a
first state in which a three-phase AC power source in which a first phase, a second phase, a
third phase, and a neutral line are star-connected is connected to a wireway to be measured and

a load is connected to any one of the first phase, the second phase, or the third phase and the
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neutral line, a second state in which a three-phase AC power source in which a first phase, a
second phase, and a third phase are star-connected is connected to wireway to be measured and
a load is connected to any two of the first phase, the second phase, and the third phase, a third
state in which a three-phase AC power source in which a first phase, a second phase, and a third
phase are delta-connected and any one of the phases is grounded is connected to a wireway to
be measured and a load is connected to the grounded phase and any one of the non-grounded
phases, and a fourth state in which a three-phase AC power source in which a first phase, a
second phase, and a third phase are delta-connected and any one of the phases is grounded is
connected to a wireway to be measured and a load is connected to the non-grounded two phases
(selection processing step).

[0137]

In a case where the first state or the third state is selected in the selection processing
step, the measurement unit 101 calculates, according to the following equation, a leakage
current component lor caused by a ground insulation resistance included in a leakage current
Io, which is one of the wireway electricity related values, flowing in the wireway to be measured
based on a phase angle 0 calculated from the leakage current lo and a voltage applied between
any one of the first phase, the second phase, or the third phase to which the load is connected
and the neutral line:

Ior = Io % cos®.

In a case where the second state is selected in the selection processing step, the
measurement unit 101 calculates, according to the following equation, a leakage current
component lor caused by a ground insulation resistance included in a leakage current lo, which
is one of the wireway electricity related values, flowing in the wireway to be measured based
on a phase angle 0 calculated from the leakage current lo and a voltage applied between the two

phases to which the load is connected:
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Ior =Io x sinf/cos60°.

In a case where the fourth state is selected in the selection processing step, the
measurement unit 101 calculates, according to the following equation, a leakage current
component lor caused by a ground insulation resistance included in a leakage current lo, which
is one of the wireway electricity related values, flowing in the wireway to be measured based
on a phase angle 6 calculated from the leakage current o and a voltage applied between the
phases to which the load is connected:

Ior = Io % sinB/cos30°.

[0138]

(Measurement Program)

A measurement program for switching a measurement unit to a measurement unit
suitable for the state of a three-phase AC power source and accurately calculating the lor of a
wireway in a case where a three-phase AC output from the three-phase AC power source is
converted into a single-phase AC and a load is connected to the wireway in which the single-
phase AC flows mainly includes the following steps, and is implemented by a computer 500
(hardware).

[0139]

Step 1: selecting any one of a plurality of measurement units configured to measure,
by different configurations, wireway electricity related values which are values related to
electricity of a wireway branched from a wireway to be measured to which a star-connected or
delta-connected three-phase AC power source is connected and branched from a three-phase
AC to a single-phase AC and distributed (selection processing step).

[0140]
Step 2: performing measurement by any one of the first measurement unit 11 to the

fourth measurement unit 41, which has been selected in the selection processing step
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(measurement step).
[0141]

Here, the first measurement unit 11 measures, by the first configuration, the wireway
electricity related value which is the value related to the electricity of the wireway branched
from the wireway to be measured to which the star-connected three-phase AC power source is
connected and branched from the three-phase AC to the single-phase AC and distributed (first
measurement step).

[0142]

The second measurement unit 21 measures, by the second configuration, the wireway
electricity related value which is the value related to the electricity of the wireway branched
from the wireway to be measured to which the star-connected three-phase AC power source is
connected and branched from the three-phase AC to the single-phase AC and distributed
(second measurement step).

[0143]

The third measurement unit 31 measures, by the third configuration, the wireway
electricity related value which is the value related to the electricity of the wireway branched
from the wireway to be measured to which the delta-connected three-phase AC power source
is connected and branched from the three-phase AC to the single-phase AC and distributed
(third measurement step).

[0144]

The fourth measurement unit 41 measures, by the fourth configuration, the wireway
electricity related value which is the value related to the electricity of the wireway branched
from the wireway to be measured to which the delta-connected three-phase AC power source
is connected and branched from the three-phase AC to the single-phase AC and distributed

(fourth measurement step).
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[0145]

The measurement unit 2 includes any two or more of the first measurement unit 11
to the fourth measurement unit 41.

[0146]

Here, the configuration and operation of the computer 500 will be described with
reference to FIG. 18. As illustrated in FIG. 18, the computer 500 is configured by connecting a
processor 501, a memory 502, a storage 503, an input/output I/F 504, and a communication I/F
505 on a bus A. These components cooperate with each other to fulfill the functions and/or
method described in the present disclosure.

[0147]

For example, a display for displaying various types of information, a touch panel
operated by the user, and other devices are connected to the input/output I/F 504. The touch
panel is disposed on the front surface of the display. This configuration allows an intuitive
operation of the user through a touch or any other suitable operation of icons on the display
with a finger. The touch panel does not have to be disposed on the front surface of the display.
Instead of or in addition to the touch panel, a keyboard or a pointing device, such as a mouse,
may be connected to the input/output I/F 504. A speaker configured to output sound to the
outside, or a microphone configured to receive external sound may be connected to the
input/output I/F 504.

[0148]

The display is a liquid crystal display, an organic electroluminescence (EL) display,
or any other suitable display that displays various types of information under control by the
processor 501.

[0149]

The memory 502 is composed of a random-access memory (RAM). The RAM is
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composed of a volatile or non-volatile memory.
[0150]

The storage 503 is composed of a read-only memory (ROM). The ROM is composed
of a non-volatile memory and may be configured as, for example, a hard disk drive (HDD) or
a solid-state drive (SSD). The storage 503 stores various types of programs, such as the
measurement program executed in Steps 1 to 2 described above.

[0151]

For example, the processor 501 controls the overall operation of the computer 500.
The processor 501 is an arithmetic device that loads an operating system and various programs
fulfilling various functions, from the storage 503 into the memory 502 and executes commands
included in the loaded programs.

[0152]

Specifically, upon input of operation by the user, the processor 501 reads out a
program (e.g., the measurement program of the present embodiment) stored in the storage 503,
deploys the read program in the memory 502, and executes the program. The processor 501
executes the measurement program to implement the functions of the first measurement unit
11, the leakage current detectors 12, 22, 32, 42, the voltage detectors 13, 23, 33, 43, the phase
angle calculators 14, 24, 34, 44, the ground insulation resistance leakage current component
calculators (leakage current component calculators) 15, 25, 35, 45, the second measurement
unit 21, the third measurement unit 31, the fourth measurement unit 41, and the selection
processor 51.

[0153]

Here, a configuration of the processor 501 will be described. The processor 501 is,

for example, a central processing unit (CPU), a micro-processing unit (MPU), a graphics

processing unit (GPU), any of other various arithmetic devices, or a combination thereof.
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[0154]

In order to fulfill the functions and/or method described in the present disclosure, a
part or all of the functions of the processor 501, the memory 502, the storage 503, and other
components may be configured by a processing circuit 601 which is dedicated hardware, as
shown in FIG. 19. The processing circuit 601 is, for example, a single circuit, a composite
circuit, a programmed processor, a parallel-programmed processor, an application specific
integrated circuit (ASIC), a field-programmable gate array (FPGA), or a combination thereof.
[0155]

While the processor 501 has been described as a single component, the configuration
is not limited thereto. The processor 501 may be a group of a plurality of physically separate
processors. In the present specification, a program or commands included in the program
has/have been described as being executed by the processor 501. The program or commands
may be executed by the single processor 501 or may be distributed to a plurality of processors
for execution. The program or commands included in the program, which is/are executed by
the processor 501, may be executed by a plurality of virtual processors.

[0156]

The communication I/F 505 conforms to a predetermined communication protocol
and establishes wired or wireless communication with an external device.
[0157]

In the case in which the three-phase AC output from the three-phase AC power source
is converted into the single-phase AC and the load is connected to the wireway in which the
single-phase AC flows, by executing the measurement program by the computer 500, the step
(the above-described first measurement step to the fourth measurement step) suitable for the
state (the above-described first to fourth states) of the three-phase AC power source can be

selected, and the lor of such a wireway can be accurately calculated.
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[0158]

In the selection processing step, the first measurement unit 11 is selected in the case
of the first state in which the three-phase AC power source in which the first phase, the second
phase, the third phase, and the neutral line are star-connected is connected to the wireway to be
measured and the load is connected to any one of the first phase, the second phase, or the third
phase and the neutral line.

[0159]

In the selection processing step, the second measurement unit 21 is selected in the
case of the second state in which the three-phase AC power source in which the first phase, the
second phase, and the third phase are star-connected is connected to the wireway to be measured
and the load is connected to any two of the first phase, the second phase, and the third phase.
[0160]

In the selection processing step, the third measurement unit 31 is selected in the case
of the third state in which the three-phase AC power source in which the first phase, the second
phase, and the third phase are delta-connected and any one of these phases is grounded is
connected to the wireway to be measured and the load is connected to the grounded phase and
any one of the non-grounded phases.

[0161]

In the selection processing step, the fourth measurement unit 41 is selected in the case
of the fourth state in which the three-phase AC power source in which the first phase, the second
phase, and the third phase are delta-connected and any one of these phases is grounded is
connected to the wireway to be measured and the load is connected to the non-grounded two
phases.

[0162]

As the first configuration, the first measurement unit 11 calculates, according to the
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following equation, the leakage current component lor caused by the ground insulation
resistance included in the leakage current lo flowing in the wireway to be measured based on
the phase angle 6 calculated from the leakage current Io and the voltage applied between any
one of the first phase, the second phase, or the third phase to which the load is connected and
the neutral line:

Ior =1Io x cos.

[0163]

The above-described leakage current, voltage, phase angle, and leakage current
component caused by the ground insulation resistance are included in the wireway electricity
related value.

[0164]

As the second configuration, the second measurement unit 21 calculates, according
to the following equation, the leakage current component lor caused by the ground insulation
resistance included in the leakage current lo flowing in the wireway to be measured based on
the phase angle 0 calculated from the leakage current lo and the voltage applied between the
two phases to which the load is connected:

Ior = Io x sinB/cos60°.

[0165]

The above-described leakage current, voltage, phase angle, and leakage current
component caused by the ground insulation resistance are included in the wireway electricity
related value.

[0166]

As the third configuration, the third measurement unit 31 calculates, according to the

following equation, the leakage current component lor caused by the ground insulation

resistance included in the leakage current Io flowing in the wireway to be measured based on
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the phase angle 0 calculated from the leakage current Io and the voltage applied between the
phases to which the load is connected:

Ior = Io x cos6.

[0167]

The above-described leakage current, voltage, phase angle, and leakage current
component caused by the ground insulation resistance are included in the wireway electricity
related value.

[0168]

As the fourth configuration, the fourth measurement unit 41 calculates, according to
the following equation, the leakage current component lor caused by the ground insulation
resistance included in the leakage current Io flowing in the wireway to be measured based on
the phase angle 0 calculated from the leakage current lo and the voltage applied between the
phases to which the load is connected:

Ior = Io % sinB/cos30°.

[0169]

The above-described leakage current, voltage, phase angle, and leakage current
component caused by the ground insulation resistance are included in the wireway electricity
related value.

[0170]

The measurement program is not limited to one described above, and may mainly
include the following steps and be executed by the computer 500 (hardware).
[0171]

Step 101: measuring a wireway electricity related value which is a value related to
electricity of a wireway branched from a wireway to be measured to which a star-connected or

delta-connected three-phase AC power source is connected and branched from a three-phase
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AC to a single-phase AC and distributed (measurement step).
[0172]

Step 102: selecting one state from two or more of a first state in which a three-phase
AC power source in which a first phase, a second phase, a third phase, and a neutral line are
star-connected is connected to a wireway to be measured and a load is connected to any one of
the first phase, the second phase, or the third phase and the neutral line, a second state in which
a three-phase AC power source in which a first phase, a second phase, and a third phase are
star-connected is connected to a wireway to be measured and a load is connected to any two of
the first phase, the second phase, and the third phase, a third state in which a three-phase AC
power source in which a first phase, a second phase, and a third phase are delta-connected and
any one of the phases is grounded is connected to a wireway to be measured and a load is
connected to the grounded phase and any one of the non-grounded phases, and a fourth state in
which a three-phase AC power source in which a first phase, a second phase, and a third phase
are delta-connected and any one of the phases is grounded is connected to a wireway to be
measured and a load is connected to the non-grounded two phases (selection processing step).
[0173]

In a case where the first state or the third state is selected in the selection processing
step, the measurement unit 101 calculates, according to the following equation, a leakage
current component lor caused by a ground insulation resistance included in a leakage current
Io, which is one of the wireway electricity related values, flowing in the wireway to be measured
based on a phase angle 0 calculated from the leakage current lo and a voltage applied between
any one of the first phase, the second phase, or the third phase to which the load is connected
and the neutral line:

Ior = Io x cos6.

In a case where the second state is selected in the selection processing step, the

60



10

15

20

25

measurement unit 101 calculates, according to the following equation, a leakage current
component lor caused by a ground insulation resistance included in a leakage current lo, which
is one of the wireway electricity related values, flowing in the wireway to be measured based
on a phase angle 0 calculated from the leakage current o and a voltage applied between the two
phases to which the load is connected:

Ior = Io x sinB/cos60°.

In a case where the fourth state is selected in the selection processing step, the
measurement unit 101 calculates, according to the following equation, a leakage current
component lor caused by a ground insulation resistance included in a leakage current lo, which
is one of the wireway electricity related values, flowing in the wireway to be measured based
on a phase angle 0 calculated from the leakage current lo and a voltage applied between the
phases to which the load is connected:

Tor = o x sinB/cos30°.

DESCRIPTION OF REFERENCE CHARACTERS

[0174]

1 Measurement Apparatus

2 Measurement Unit

10 Zero-Phase Current Transformer (ZCT)
11 First Measurement Unit

12,22,32,42 Leakage Current Detector

13,23, 33,43 Voltage Detector

14, 24, 34, 44 Phase Angle Calculator

15, 25, 35, 45 Ground Insulation Resistance Leakage Current Component Calculator

(Leakage Current Component Calculator)
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16, 26, 36, 46 Arithmetic Unit
21 Second Measurement Unit
31 Third Measurement Unit
41 Fourth Measurement Unit
51 Selection Processor
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CLAIMS

1. A measurement apparatus comprising:

a measurement unit including any two or more of a first measurement unit configured
to measure, by a first configuration, a wireway electricity related value which is a value related
to electricity of a wireway branched from a wireway to be measured to which a star-connected
three-phase AC power source is connected and branched from a three-phase AC to a single-
phase AC and distributed, a second measurement unit configured to measure, by a second
configuration, a wireway electricity related value which is a value related to electricity of a
wireway branched from a wireway to be measured to which a star-connected three-phase AC
power source is connected and branched from a three-phase AC to a single-phase AC and
distributed, a third measurement unit configured to measure, by a third configuration, a wireway
electricity related value which is a value related to electricity of a wireway branched from a
wireway to be measured to which a delta-connected three-phase AC power source is connected
and branched from a three-phase AC to a single-phase AC and distributed, and a fourth
measurement unit configured to measure, by a fourth configuration, a wireway electricity
related value which is a value related to electricity of a wireway branched from a wireway to
be measured to which a delta-connected three-phase AC power source is connected and
branched from a three-phase AC to a single-phase AC and distributed; and

a selection processor configured to select any one of the measurement units in the

measurement unit.

2. The measurement apparatus of claim 1, wherein
the selection processor is configured to

select the first measurement unit in a case of a first state in which a three-
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phase AC power source in which a first phase, a second phase, a third phase, and a neutral line
are star-connected is connected to the wireway to be measured and a load is connected to any
one of the first phase, the second phase, or the third phase and the neutral line,

select the second measurement unit in a case of a second state in which a
three-phase AC power source in which a first phase, a second phase, and a third phase are star-
connected is connected to the wireway to be measured and a load is connected to any two of
the first phase, the second phase, and the third phase,

select the third measurement unit in a case of a third state in which a three-
phase AC power source in which a first phase, a second phase, and a third phase are delta-
connected and any one of the phases is grounded is connected to the wireway to be measured
and a load is connected to the grounded phase and any one of the non-grounded phases, and

select the fourth measurement unit in a case of a fourth state in which a
three-phase AC power source in which a first phase, a second phase, and a third phase are delta-
connected and any one of the phases is grounded is connected to the wireway to be measured

and a load is connected to the non-grounded two phases.

3. The measurement apparatus of claim 2, wherein

the first measurement unit calculates, as the first configuration, a leakage current
component caused by a ground insulation resistance included in a leakage current flowing in
the wireway to be measured based on the leakage current and a voltage applied between any
one of the first phase, the second phase, or the third phase to which the load is connected and
the neutral line,

the second measurement unit calculates, as the second configuration, a leakage
current component caused by a ground insulation resistance included in a leakage current

flowing in the wireway to be measured based on the leakage current and a voltage applied
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between the two phases to which the load is connected,

the third measurement unit calculates, as the third configuration, a leakage current
component caused by a ground insulation resistance included in a leakage current flowing in
the wireway to be measured based on the leakage current and a voltage applied between the
phases to which the load is connected, and

the fourth measurement unit calculates, as the fourth configuration, a leakage current
component caused by a ground insulation resistance included in a leakage current flowing in
the wireway to be measured based on the leakage current and a voltage applied between the

phases to which the load is connected.

4. A measurement apparatus comprising:

a measurement unit configured to measure a wireway electricity related value which
is a value related to electricity of a wireway branched from a wireway to be measured to which
a star-connected or delta-connected three-phase AC power source is connected and branched
from a three-phase AC to a single-phase AC and distributed; and

a selection processor configured to select one state from two or more of a first state
in which a three-phase AC power source in which a first phase, a second phase, a third phase,
and a neutral line are star-connected is connected to the wireway to be measured and a load is
connected to any one of the first phase, the second phase, or the third phase and the neutral line,
a second state in which a three-phase AC power source in which a first phase, a second phase,
and a third phase are star-connected is connected to the wireway to be measured and a load is
connected to any two of the first phase, the second phase, and the third phase, a third state in
which a three-phase AC power source in which a first phase, a second phase, and a third phase
are delta-connected and any one of the phases is grounded is connected to the wireway to be

measured and a load is connected to the grounded phase and any one of the non-grounded
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phases, and a fourth state in which a three-phase AC power source in which a first phase, a
second phase, and a third phase are delta-connected and any one of the phases is grounded is
connected to the wireway to be measured and a load is connected to the non-grounded two
phases, and
the measurement unit calculates,

in a case in which the selection processor selects the first state or the third
state, a leakage current component caused by a ground insulation resistance included in a
leakage current, which is one of the wireway electricity related values, flowing in the wireway
to be measured based on the leakage current and a voltage applied between any one of the first
phase, the second phase, or the third phase to which the load is connected and the neutral line,

in a case in which the selection processor selects the second state, a leakage
current component caused by a ground insulation resistance included in a leakage current,
which is one of the wireway electricity related values, flowing in the wireway to be measured
based on the leakage current and a voltage applied between the two phases to which the load is
connected, and

in a case in which the selection processor selects the fourth state, a leakage
current component caused by a ground insulation resistance included in a leakage current,
which is one of the wireway electricity related values, flowing in the wireway to be measured
based on the leakage current and a voltage applied between the phases to which the load is

connected.

5. A measurement method comprising:
selecting, in a selection processing step, any one of a plurality of measurement units
configured to measure, by different configurations, wireway electricity related values which are

values related to electricity of a wireway branched from a wireway to be measured to which a
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star-connected or delta-connected three-phase AC power source is connected and branched
from a three-phase AC to a single-phase AC and distributed, and
performing, in a measurement step, measurement by the measurement unit having
been selected in the selection processing step, and
the plurality of measurement units includes any two or more of

a first measurement unit configured to measure, by a first configuration, a
wireway electricity related value which is a value related to electricity of a wireway branched
from a wireway to be measured to which a star-connected three-phase AC power source is
connected and branched from a three-phase AC to a single-phase AC and distributed,

a second measurement unit configured to measure, by a second
configuration, a wireway electricity related value which is a value related to electricity of a
wireway branched from a wireway to be measured to which a star-connected three-phase AC
power source is connected and branched from a three-phase AC to a single-phase AC and
distributed,

a third measurement unit configured to measure, by a third configuration,
a wireway electricity related value which is a value related to electricity of a wireway branched
from a wireway to be measured to which a delta-connected three-phase AC power source is
connected and branched from a three-phase AC to a single-phase AC and distributed, and

a fourth measurement unit configured to measure, by a fourth configuration,
a wireway electricity related value which is a value related to electricity of a wireway branched
from a wireway to be measured to which a delta-connected three-phase AC power source is

connected and branched from a three-phase AC to a single-phase AC and distributed.

6. A measurement program causing a computer to execute

selecting, in a selection processing step, any one of a plurality of measurement units
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configured to measure, by different configurations, wireway electricity related values which are
values related to electricity of a wireway branched from a wireway to be measured to which a
star-connected or delta-connected three-phase AC power source is connected and branched
from a three-phase AC to a single-phase AC and distributed, and
performing, in a measurement step, measurement by the measurement unit having
been selected in the selection processing step, and
the plurality of measurement units includes any two or more of

a first measurement unit configured to measure, by a first configuration, a
wireway electricity related value which is a value related to electricity of a wireway branched
from a wireway to be measured to which a star-connected three-phase AC power source is
connected and branched from a three-phase AC to a single-phase AC and distributed,

a second measurement unit configured to measure, by a second
configuration, a wireway electricity related value which is a value related to electricity of a
wireway branched from a wireway to be measured to which a star-connected three-phase AC
power source is connected and branched from a three-phase AC to a single-phase AC and
distributed,

a third measurement unit configured to measure, by a third configuration,
a wireway electricity related value which is a value related to electricity of a wireway branched
from a wireway to be measured to which a delta-connected three-phase AC power source is
connected and branched from a three-phase AC to a single-phase AC and distributed, and

a fourth measurement unit configured to measure, by a fourth configuration,
a wireway electricity related value which is a value related to electricity of a wireway branched
from a wireway to be measured to which a delta-connected three-phase AC power source is

connected and branched from a three-phase AC to a single-phase AC and distributed.
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