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(54) LEAKAGE CURRENT DETECTION UNIT AND LEAKAGE CURRENT BREAKER

(57) To provide an earth leakage detection unit and
an earth leakage breaker that make processing of con-
ductor members easy, enable miniaturization of a device,
and, in particular, excel in assemblability. Load side con-
ductors (11T to 11N) and power supply side conductors
(12T to 12N) are arranged on the one side and the other
side in the axial direction of a zero-phase current trans-
former (8), respectively, so that through conductor por-
tions (14S, 14N) and through conductor portions (13N,
13R) each of which are continuously fixed penetrate an
annular core (9) from the one side and the other side in

the axial direction of the zero-phase current transformer
(8), respectively. With this configuration, the through con-
ductor portions (13T, 13R, 14S, 14N) are jointed to joining
portions (16T, 16R, 15S, 15N), and the power supply
side conductors (12T to 12N) and the load side conduc-
tors (11T to 11N) are connected for each phase. Insulat-
ing coating portions (18S, 18N, 17R) are formed at least
on the outsides of portions of the through conductor por-
tions continuously fixed to the load side conductors and
the power supply side conductor.
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Description

Technical Field

[0001] The present invention relates to an earth leak-
age detection unit that is arranged between a power
source and a load to detect an earth leakage on the load
side and an earth leakage breaker that breaks a circuit
when an earth leakage occurs, and in particular to an
earth leakage detection unit and an earth leakage break-
er that are suitable for a case in which a zero-phase cur-
rent transformer is used for earth leakage detection.

Background Art

[0002] A zero-phase current transformer is, as is well
known, a device to send currents of all phases through
the inner hole of an annular core and, when a so-called
secondary current is produced on the annular core, judge
that an earth leakage (earth fault) has occurred, and what
sends a current between a power supply and a load
through the inner hole of the annular core is an earth
leakage breaker. The earth leakage breaker is, in gen-
eral, equipped with an over-current tripping device to
break a circuit when an over-current (short circuit) is pro-
duced on the load side, together with a leakage tripping
device to break a circuit when an earth leakage is detect-
ed by an earth leakage detection unit including an earth
leakage detection circuit. When an earth leakage or an
over-current is produced, the leakage tripping device or
the over-current tripping device breaks circuits by open-
ing contacts for a power supply side circuit in an open-
close mechanism. Such earth leakage breakers and
earth leakage detection units include, for example, earth
leakage detection units disclosed in PTL 1 and PTL 2,
which will be described below. In the earth leakage de-
tection unit disclosed in PTL 1 among the earth leakage
detection units, plate-like power supply side conductors
corresponding to respective phases of a power supply
side circuit are arranged on the one side in the axial di-
rection of a zero-phase current transformer. On the other
side in the axial direction of the zero-phase current trans-
former, plate-like load side conductors corresponding to
respective phases of load side terminals are arranged.
Round rod-like through conductors for all phases are dis-
posed so as to penetrate an annular core of the zero-
phase current transformer and pushed against the cor-
responding power supply side conductors and load side
conductors. With this configuration, the power supply
side conductors and the load side conductors are con-
nected to each other with respect to each phase with the
through conductors penetrating the zero-phase current
transformer, and insulation between respective phases
is maintained by filling interspaces between the conduc-
tors of respective phases with insulating resin, such as
silicon and epoxy, and curing the insulating resin. In the
earth leakage detection unit disclosed in PTL 2, each
plate-like power supply side conductor and each plate-

like load side conductor are interconnected by a plate-
like through conductor in one body in a bifurcated manner
in advance, and insulation portions are formed through
coating processing with respect to each phase. Then,
the conductor members are inserted into an annular core
of a zero-phase current transformer in such a way as to
stride over the annular core to be assembled into a circuit.

Citation List

Patent Literature

[0003]

PTL 1: JP 3704885 B2
PTL 2: JP 4736949 B2

Summary of Invention

Technical Problem

[0004] However, both the earth leakage detection unit
disclosed in the afore-described PTL 1 and the earth leak-
age detection unit disclosed in the afore-described PTL
2 have room for improvement in assemblability. For ex-
ample, in the earth leakage detection unit disclosed in
the afore-described PTL 1, since interspaces are re-
quired to be filled with insulating resin with the power
supply side conductors and the load side conductors be-
ing connected by the through conductors with respect to
each phase, all conductors are required to be positioned
accurately. Since bubbles and cracks developing in the
insulating resin with which interspaces are filled cause a
degradation in the insulation, it is also required to prevent
such bubbles and cracks from developing. In the earth
leakage detection unit disclosed in the afore-described
PTL 2, since it is required to insert conductor members
formed in a bifurcated shape through the annular core of
the zero-phase current transformer in such a way that
the conductor members stride over the annular core, not
only assembling itself is troublesome, but also process-
ing and forming of the conductor members are compli-
cated. Moreover, it is required to enlarge the inner hole
of the annular core to insert the conductor members
formed in a bifurcated shape into the annular core, which
results in a possibility that the zero-phase current trans-
former and the earth leakage detection unit also become
large.
[0005] The present invention is made to solve the
above-described problems, and an object of the present
invention is to provide an earth leakage detection unit
and an earth leakage breaker that make processing of
conductor members easy, enable miniaturization of a de-
vice, and, in particular, excel in assemblability.

Solution to Problem

[0006] In order to solve the above-described problems,
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according to one aspect of the present invention, there
is provided an earth leakage detection unit in which load
side conductors are arranged on either one side in an
axial direction of a zero-phase current transformer, cor-
responding to respective phases of load side terminals.
Power supply side conductors are arranged on the other
side in the axial direction of the zero-phase current trans-
former, corresponding to respective phases of a power
supply side circuit. A through conductor portion(s) corre-
sponding to one phase or two phase is/are continuously
fixed to either one(s) of a load side conductor(s) among
the load side conductors and a power supply side con-
ductor(s) among the power supply side conductors.
Through conductor portions corresponding to the other
phases are continuously fixed to the other ones of the
other load side conductors and the other power supply
side conductors. Each of through conductor portions pen-
etrates the annular core of the zero-phase current trans-
former to be joined to a joining portion of one of the load
side conductors and the power supply side conductors
that has a corresponding phase and to which any one of
the through conductor portions is not continuously fixed.
Each of insulating coating portions is formed at least on
the outside of a portion of the through conductor portion
continuously fixed to one of the load side conductors and
the power supply side conductors at which one of the
through conductor portions is continuously fixed.
[0007] In the earth leakage detection unit, the annular
core of the zero-phase current transformer may be per-
fectly circular, and shapes of cross-sections of the
through conductor portions orthogonal to the axis of the
zero-phase current transformer may be sectors.
[0008] In the earth leakage detection unit, the annular
core of the zero-phase current transformer may be oval,
shapes of cross-sections of the through conductor por-
tions orthogonal to the axis of the zero-phase current
transformer may be a combination of sectors and quad-
rilaterals.
[0009] In the earth leakage detection unit, on either
side or each of both sides in the axial direction of the
zero-phase current transformer, an insulating plate mem-
ber may be interposed between a joining portion of one
of the load side conductors and a joining portion of one
of the power supply side conductors in proximity to each
other.
[0010] According to another aspect of the present in-
vention, there is provided an earth leakage breaker com-
prising: an open-close mechanism for contacts of a pow-
er supply side circuit mounted in a main-body case; an
over-current tripping device mounted in the main-body
case; and a leakage tripping device mounted in the main-
body case. The leakage tripping device includes a com-
bination of an earth leakage detection unit and a trip coil
unit. In the earth leakage detection unit, load side con-
ductors are arranged on either one side in an axial direc-
tion of a zero-phase current transformer, corresponding
to respective phases of load side terminals. Power supply
side conductors are arranged on the other side in the

axial direction of the zero-phase current transformer, cor-
responding to respective phases of a power supply side
circuit. A through conductor portion(s) corresponding to
one phase or two phase is/are continuously fixed to either
one(s) of a load side conductor(s) among the load side
conductors and a power supply side conductor(s) among
the power supply side conductors. Through conductor
portions corresponding to the other phases are continu-
ously fixed to the other ones of the other load side con-
ductors and the other power supply side conductors.
Each of through conductor portions penetrates the an-
nular core of the zero-phase current transformer to be
joined to a joining portion of one of the load side conduc-
tors and the power supply side conductors that has a
corresponding phase and to which any one of the through
conductor portions is not continuously fixed. Each of in-
sulating coating portions is formed at least on the outside
of a portion of the through conductor portion continuously
fixed to one of the load side conductors and the power
supply side conductors at which one of the through con-
ductor portions is continuously fixed.

Advantageous Effects of Invention

[0011] In consequence, according to an earth leakage
detection unit and an earth leakage breaker of the present
invention, load side conductors and power supply side
conductors are arranged on the one side and the other
side in the axial direction of a zero-phase current trans-
former, respectively, in such a way that continuously fixed
through conductor portions penetrate an annular core
from the one side or the other side in the axial direction
of the zero-phase current transformer. With this config-
uration, since each through conductor portion is joined
to a joining portion of one of the load side conductors and
the power supply side conductors that has a correspond-
ing phase and to which the through conductor portion is
not continuously fixed, the load side conductors and the
power supply side conductors are connected to each oth-
er with respect to each phase. At this time, insulating
coating portions are formed on the outsides of portions
of the through conductor portions continuously fixed to
the load side conductors and the power supply side con-
ductors, which makes it possible to maintain insulation
between the load side conductors and between the pow-
er supply side conductors that are mutually adjacent to
one of the joining portions. Therefore, it becomes possi-
ble to achieve not only an excellence in assemblability
but also a miniaturization of a device because it is not
required to make the annular core of the zero-phase cur-
rent transformer have a large inner hole. Furthermore,
since each load side conductor or power supply side con-
ductor and a through conductor portion are configured
with, for example, a plate-like load side conductor or pow-
er supply side conductor and a rod-like through conductor
portion in combination, the conductor members are easily
processed.
[0012] When the annular core of the zero-phase cur-
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rent transformer is perfectly circular, using through con-
ductor portions the cross-sections of which orthogonal
to the axis of the zero-phase current transformer have
sectorial shapes enables the inner hole portion of the
annular core to be used effectively as a through hole
portion for the through conductor portions.
[0013] Further, when the annular core of the zero-
phase current transformer is oval, using through conduc-
tor portions the cross-sections of which orthogonal to the
axis of the zero-phase current transformer have a com-
bination of sectorial shapes and quadrilateral shapes en-
ables the inner hole portion of the annular core to be used
effectively as a through hole portion for the through con-
ductor portions.
[0014] Furthermore, interposing an insulating plate
member(s) between the joining portions, which are in
proximity to each other, on either side or both sides in
the axial direction of the zero-phase current transformer
enables the joining portions, which are in proximity to
each other, to be insulated easily and securely.

Brief Description of Drawings

[0015]

FIG. 1 is a schematic configuration diagram illustrat-
ing an embodiment of an earth leakage breaker in
which an earth leakage detection unit of the present
invention is used;
FIG. 2 is a perspective view of the earth leakage
detection unit of the earth leakage breaker in FIG. 1;
FIG. 3 is a front view of the earth leakage detection
unit in FIG. 2;
FIG. 4 is a plan view of the earth leakage detection
unit in FIG. 2;
FIG. 5 is an assembly diagram of the earth leakage
detection unit in FIG. 2;
FIG. 6 is an explanatory diagram of a portion of the
through conductor portion continuously fixed to a
power supply side conductor or a load side conduc-
tor;
FIG. 7 is an explanatory diagram of a joining state
between a T-phase power supply side conductor and
a T-phase load side conductor;
FIG. 8 is an explanatory diagram of a joining state
between an S-phase power supply side conductor
and an S-phase load side conductor;
FIG. 9 is an explanatory diagram of a joining state
between an R-phase power supply side conductor
and an R-phase load side conductor;
FIG. 10 is an explanatory diagram between an N-
phase power supply side conductor and an N-phase
load side conductor;
FIG. 11 is an assembly diagram of insulating plate
members that are inserted between joining portions;
FIG. 12 is an assembly diagram of the insulating
plate members that are inserted between the joining
portions;

FIG. 13 is an explanatory diagram of an effect of the
insulating plate member between the load side con-
ductors;
FIG. 14 is an explanatory diagram of an effect of the
insulating plate member between the power supply
side conductors;
FIG. 15 is an explanatory diagram of an insulation
length of the through conductor portions inside an
annular core;
FIG. 16 is a cross-sectional view illustrating an ex-
ample of the through conductor portions; and
FIG. 17 is a cross-sectional view illustrating another
example of the through conductor portions.

Description of Embodiments

[0016] Next, an embodiment of an earth leakage de-
tection unit and an earth leakage breaker of the present
invention will be described in detail with reference to the
drawings. FIG. 1 is a perspective view illustrating an over-
all configuration of the earth leakage breaker of the em-
bodiment. The earth leakage breaker includes a main-
body case 1, which is made of a molded resin case, and
a cover, which covers the main-body case 1, and, in FIG.
1, illustration of the cover is omitted. The earth leakage
breaker has an open-close mechanism 3 for contacts of
a power supply side circuit 2, an over-current tripping
device 4, and a leakage tripping device 5 mounted on
the inside of the main-body case 1, and also has an arc
extinction unit 21 and an operating handle 22 of a well-
known circuit breaker mounted thereon. In particular, the
over-current tripping device 4 is an over-current tripping
device in which a well-known current transformer is used.
The leakage tripping device 5 is configured including an
earth leakage detection unit 6 and a trip coil unit 7. As
with a conventional tripping device, when a leakage is
detected by the earth leakage detection unit 6, the leak-
age tripping device 5 opens the contacts of the open-
close mechanism 3 using the trip coil unit 7 to break the
circuit.
[0017] FIG. 2 is a perspective view of the earth leakage
detection unit 6 of the earth leakage breaker in FIG. 1,
and FIGs. 3, 4, and 5 are a front view, a plan view, and
an assembly diagram of the earth leakage detection unit
6 in FIG. 2, respectively. The earth leakage detection unit
6 of the embodiment, as conventionally configured, in-
cludes a zero-phase current transformer 8, the annular
core 9 of which is perfectly circular. Thus, the inner hole
of the annular core 9 is also perfectly circular. Illustration
of secondary wiring of the zero-phase current transform-
er 8 is omitted. The power supply side circuit 2 of the
embodiment is a 4-pole circuit that has N-phase in addi-
tion to three commonly-used poles, namely T-phase, S-
phase, and R-phase. Thus, load side terminals of the
earth leakage detection unit 6 also includes terminals for
four poles, namely a T-phase load side terminal 10T, an
S-phase load side terminal 10S, an R-phase load side
terminal 10R, and an N-phase load side terminal 10N.

5 6 



EP 3 109 884 A1

5

5

10

15

20

25

30

35

40

45

50

55

Incidentally, the load side terminals 10T to 10N have
square-shaped plate-like forms, and, as illustrated in, for
example, FIG. 2, are arranged in line in the orthogonal
direction to the axial direction of the zero-phase current
transformer 8 on the one side in the axial direction of the
zero-phase current transformer 8, that is, on the lower
side on the near side in FIG. 2.
[0018] To the load side terminals 10T to 10N, plate-
like load side conductors 11T to 11N are continuously
fixed, respectively, in the vertical direction in FIG. 2 on
the side facing the annular core 9 of the zero-phase cur-
rent transformer 8. Specifically, each of the load side ter-
minals 10T to 10N and corresponding one of the load
side conductors 11T to 11N may be formed in one body
by bending a single piece of plate-like conductor. The
load side conductors 11T to 11N are arranged on the one
side in the axial direction of the zero-phase current trans-
former 8. The ends on the opposite sides of the load side
conductors 11T to 11N to the load side terminals 10T to
10N are arranged in such a way as to converge towards
the inner hole portion of the annular core 9. The load side
conductors 11T to 11N are arranged in such a way that,
as illustrated in, for example, FIG. 3, the T-phase load
side conductor 11T, the S-phase load side conductor
11S, the R-phase load side conductor 11R, and the N-
phase load side conductor 11N are arranged to the upper
right, the lower right, the lower left, and the upper left in
the illustration, respectively, with respect to the inner hole
of the annular core 9. As a result, the load side conductors
11T to 11N have few overlapping portions with one an-
other in the axial direction of the zero-phase current trans-
former 8, which makes it possible to reduce dimensions
in the axial direction of the zero-phase current transform-
er 8 in a layout of the load side conductors 11T to 11N.
[0019] On the other hand, power supply side conduc-
tors 12T to 12N corresponding to the respective phases
of the power supply side circuit 2 are, as illustrated in,
for example, FIG. 2, arranged on the other side in the
axial direction of the zero-phase current transformer 8,
that is, on the far side in FIG. 2. The power supply side
conductors 12T to 12N are, for example, configured by
bending plate-like conductors, and arranged in such a
way that the ends on the one sides of the power supply
side conductors 12T to 12N converge towards the inner
hole portion of the annular core 9. The ends on the other
sides of the power supply side conductors 12T to 12N
are connected to the respective phases of the not-illus-
trated power supply side circuit 2. Among the ends of the
power supply side conductors 12T to 12N, each of the
ends on the one sides of the power supply side conduc-
tors 12T to 12N, which converge towards the inner hole
portion of the annular core 9, opposes the end of one of
the load side conductors 11T to 11N of a corresponding
phase. Thus, as illustrated in, for example, FIG. 14, which
illustrates the earth leakage detection unit 6 in FIG. 2
viewed from the rear side, a T-phase power supply side
conductor 12T, an S-phase power supply side conductor
12S, an R-phase power supply side conductor 12R, and

an N-phase power supply side conductor 12N are ar-
ranged to the upper left, the lower left, the lower right,
and the upper right in the illustration, respectively, with
respect to the inner hole of the annular core 9. As a result,
the power supply side conductors 12T to 12N have few
overlapping portions with one another in the axial direc-
tion of the zero-phase current transformer 8, which
makes it possible to reduce dimensions in the axial di-
rection of the zero-phase current transformer 8 in a layout
of the power supply side conductors 12T to 12N.
[0020] Among the power supply side conductors 12T
to 12N, to the T-phase power supply side conductor 12T
and the R-phase power supply side conductor 12R,
which are disposed at diagonal positions with respect to
the inner hole of the annular core 9, a T-phase power
supply side through conductor portion 13T and an R-
phase power supply side through conductor portion 13R
are continuously fixed, respectively. Among the load side
conductors 11T to 11N, to the S-phase load side con-
ductor 11S and the N-phase load side conductor 11N,
which are disposed at diagonal positions with respect to
the inner hole of the annular core 9, an S-phase load side
through conductor portion 14S and an N-phase load side
through conductor portion 14N are continuously fixed,
respectively. Among the through conductor portions, the
T-phase power supply side through conductor portion
13T and the R-phase power supply side through conduc-
tor portion 13R are continuously fixed in a projecting man-
ner from the ends on the annular core 9 sides of the T-
phase power supply side conductor 12T and the R-phase
power supply side conductor 12R, respectively, in such
a way as to penetrate the annular core 9. The S-phase
load side through conductor portion 14S and the N-phase
load side through conductor portion 14N are continuously
fixed in a projecting manner from the ends on the annular
core 9 sides of the S-phase load side conductor 11S and
the N-phase load side conductor 11N, respectively, in
such a way as to penetrate the annular core 9.
[0021] On the other hand, among the power supply
side conductors 12T to 12N, to the ends on the annular
core 9 sides of the S-phase power supply side conductor
12S and the N-phase power supply side conductor 12N,
which are disposed at diagonal positions with respect to
the inner hole of the annular core 9, an S-phase power
supply side joining portion 15S and an N-phase power
supply side joining portion 15N are formed in one bodies,
respectively. Among the load side conductors 11T to
11N, to the ends on the annular core 9 sides of the T-
phase load side conductor 11T and the R-phase load
side conductor 11R, which are disposed at diagonal po-
sitions with respect to the inner hole of the annular core
9, a T-phase load side joining portion 16T and an R-phase
load side joining portion 16R are formed in one bodies,
respectively.
[0022] A structure to continuously fix the N-phase load
side through conductor portion 14N to the N-phase load
side conductor 11N is illustrated in FIG. 6, representing
the above-described through conductor portions. In the
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embodiment, for example, the through conductor portion
14N that has a form obtained by cutting a cylinder verti-
cally into four sections the cross-sections of which are
sectors with a central angle of 90°, that is, into quarters,
is used and arranged in such a way that the central angle
of the sector thereof is positioned around the center of
the inner hole of the annular core 9. The outer peripheral
surface of the through conductor portion 14N, which is
in the form of a quarter cylinder, is joined to the end on
the annular core 9 side of the load side conductor 11N,
and both are continuously fixed in one body by, for ex-
ample, soldering or welding. A load side conductor 11N
that has been formed in advance with a through conduc-
tor portion 14N being continuously fixed thereto in one
body may also be used.
[0023] In the embodiment, on the outsides of all power
supply side conductors 12T to 12N except the S-phase
power supply side conductor 12S, power supply side in-
sulating coating portions 17T to 17N are formed. On the
outsides of all load side conductors 11T to 11N, load side
insulating coating portions 18T to 18N are formed. The
insulating coating portions are formed in one bodies with
the respective conductor members by, for example, form-
ing insulating resin on the outsides of the conductor mem-
bers by injection molding. Among the power supply side
insulating coating portions 17T to 17N, an N-phase power
supply side insulating coating portion 17N is not formed
on the N-phase power supply side joining portion 15N.
Among the load side insulating coating portions 18T to
18N, a T-phase load side insulating coating portion 18T
and an R-phase load side insulating coating portion 18R
are not formed on the T-phase load side joining portion
16T and the R-phase load side joining portion 16R, re-
spectively.
[0024] On the other hand, among the power supply
side insulating coating portions 17T to 17N, a T-phase
power supply side insulating coating portion 17T and an
R-phase power supply side insulating coating portion
17R are formed on portions of the T-phase power supply
side through conductor portion 13T and the R-phase
power supply side through conductor portion 13R con-
tinuously fixed to the corresponding power supply side
conductors, respectively. Among the load side insulating
coating portions 18T to 18N, an S-phase load side insu-
lating coating portion 18S and an N-phase load side in-
sulating coating portion 18N are formed on portions of
the S-phase load side through conductor portion 14S and
the N-phase load side through conductor portion 14N
continuously fixed to the corresponding load side con-
ductors, respectively. However, the T-phase power sup-
ply side insulating coating portion 17T and the R-phase
power supply side insulating coating portion 17R are not
formed on projection tip portions of the T-phase power
supply side through conductor portion 13T and the R-
phase power supply side through conductor portion 13R,
respectively. The S-phase load side insulating coating
portion 18S and the N-phase load side insulating coating
portion 18N are not formed on projection tip portions of

the S-phase load side through conductor portion 14S and
the N-phase load side through conductor portion 14N,
respectively.
[0025] FIG. 7 is an explanatory diagram of a joining
state between the T-phase power supply side through
conductor portion 13T of the T-phase power supply side
conductor 12T and the T-phase load side joining portion
16T of the T-phase load side conductor 11T. When the
T-phase power supply side through conductor portion
13T is inserted into the inner hole of the annular core 9
from the far side in FIG. 7 (the other side in the axial
direction of the zero-phase current transformer 8), that
is, the power supply side, the projection tip portion of the
T-phase power supply side through conductor portion
13T is joined to the T-phase load side joining portion 16T
(FIG. 7 illustrates a state immediately before joining). As
described earlier, on the projection tip portion of the T-
phase power supply side through conductor portion 13T,
the T-phase power supply side insulating coating portion
17T is not formed. On the T-phase load side joining por-
tion 16T, the T-phase load side insulating coating portion
18T is not formed. As a result, when the T-phase power
supply side through conductor portion 13T is joined to
the T-phase load side joining portion 16T, the T-phase
power supply side conductor 12T and the T-phase load
side conductor 11T penetrate the annular core 9 of the
zero-phase current transformer 8 to be connected elec-
trically.
[0026] FIG. 8 is an explanatory diagram of a joining
state between the S-phase load side through conductor
portion 14S of the S-phase load side conductor 11S and
the S-phase power supply side joining portion 15S of the
S-phase power supply side conductor 12S. When the S-
phase load side through conductor portion 14S is insert-
ed into the inner hole of the annular core 9 from the near
side in FIG. 8 (the one side in the axial direction of the
zero-phase current transformer 8), that is, the load side,
the projection tip portion of the S-phase load side through
conductor portion 14S is joined to the S-phase power
supply side joining portion 15S. As described earlier, on
the projection tip portion of the S-phase load side through
conductor portion 14S, the S-phase load side insulating
coating portion 18S is not formed. On the S-phase power
supply side conductor 12S, the S-phase power supply
side insulating coating portion is not formed at all. As a
result, when the S-phase load side through conductor
portion 14S is joined to the S-phase power supply side
joining portion 15S, the S-phase power supply side con-
ductor 12S and the S-phase load side conductor 11S
penetrate the annular core 9 of the zero-phase current
transformer 8 to be connected electrically.
[0027] FIG. 9 is an explanatory diagram of a joining
state between the R-phase power supply side through
conductor portion 13R of the R-phase power supply side
conductor 12R and the R-phase load side joining portion
16R of the R-phase load side conductor 11R. When the
R-phase power supply side through conductor portion
13R is inserted into the inner hole of the annular core 9
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from the far side in FIG. 9 (the other side in the axial
direction of the zero-phase current transformer 8), that
is, the power supply side, the projection tip portion of the
R-phase power supply side through conductor portion
13R is joined to the R-phase load side joining portion
16R (FIG. 9 illustrates a state immediately before joining).
As described earlier, on the projection tip portion of the
R-phase power supply side through conductor portion
13R, the R-phase power supply side insulating coating
portion 17R is not formed. On the R-phase load side join-
ing portion 16R, the R-phase load side insulating coating
portion 18R is not formed. As a result, when the R-phase
power supply side through conductor portion 13R is
joined to the R-phase load side joining portion 16R, the
R-phase power supply side conductor 12R and the R-
phase load side conductor 11R penetrate the annular
core 9 of the zero-phase current transformer 8 to be con-
nected electrically.
[0028] FIG. 10 is an explanatory diagram of a joining
state between the N-phase load side through conductor
portion 14N of the N-phase load side conductor 11N and
the N-phase power supply side joining portion 15N of the
N-phase power supply side conductor 12N. When the N-
phase load side through conductor portion 14N is insert-
ed into the inner hole of the annular core 9 from the near
side in FIG. 10 (the one side in the axial direction of the
zero-phase current transformer 8), that is, the load side,
the projection tip portion of the N-phase load side through
conductor portion 14N is joined to the N-phase power
supply side joining portion 15N. As described earlier, on
the projection tip portion of the N-phase load side through
conductor portion 14N, the N-phase load side insulating
coating portion 18N is not formed. On the N-phase power
supply side joining portion 15N, the N-phase power sup-
ply side insulating coating portion 17N is not formed. As
a result, when the N-phase load side through conductor
portion 14N is joined to the N-phase power supply side
joining portion 15N, the N-phase power supply side con-
ductor 12N and the N-phase load side conductor 11N
penetrate the annular core 9 of the zero-phase current
transformer 8 to be connected electrically.
[0029] In FIG. 15, a connection state between the T-
phase power supply side conductor 12T and the T-phase
load side conductor 11T and between the N-phase power
supply side conductor 12N and the N-phase load side
conductor 11N inside the annular core 9 is illustrated,
representing the power supply side conductors 12T to
12N and the load side conductors 11T to 11N that are
connected to each other as described above. The T-
phase power supply side through conductor portion 13T
and the N-phase load side through conductor portion
14N, both of which have a form of a quarter cylinder, are
adjacent to each other in the inner hole of the annular
core 9, as illustrated in FIG. 15. However, since the T-
phase power supply side insulating coating portion 17T
and the N-phase load side insulating coating portion 18N
are formed at least on the portion of the through conduc-
tor portion 13T continuously fixed to the T-phase power

supply side conductor 12T and the portion of the through
conductor portion 14N continuously fixed to the N-phase
load side conductor 11N, respectively, a sufficient insu-
lation length is maintained in the axial direction of the
zero-phase current transformer 8.
[0030] However, on the near side of the illustration in
FIG. 11, that is, the load side, the T-phase load side join-
ing portion 16T and the R-phase load side joining portion
16R, which are disposed at diagonal positions, are in
proximity to each other. On the near side of the illustration
in FIG. 12, that is, the power supply side, the S-phase
power supply side joining portion 15S and the N-phase
power supply side joining portion 15N, which are dis-
posed at diagonal positions, are in proximity to each oth-
er. As described earlier, the T-phase load side insulating
coating portion 18T and the R-phase load side insulating
coating portion 18R are not formed on the T-phase load
side joining portion 16T and the R-phase load side joining
portion 16R, respectively. The S-phase power supply
side insulating coating portion is not formed on the S-
phase power supply side conductor 12S at all, and the
N-phase power supply side insulating coating portion
17N is not formed on the N-phase power supply side
joining portion 15N.
[0031] Therefore, in the embodiment, as clearly illus-
trated in FIG. 11, a load side insulating plate member 19
is inserted between the T-phase load side joining portion
16T and the R-phase load side joining portion 16R, which
are in proximity to each other, from the load side to main-
tain insulation between the T-phase load side joining por-
tion 16T and the R-phase load side joining portion 16R.
The load side insulating plate member 19 is made of, for
example, insulating resin or the like, and, in the embod-
iment, formed into a box shape that covers the R-phase
load side joining portion 16R entirely. As a result, as il-
lustrated in FIG. 13, the load side insulating plate member
19 is interposed between the T-phase load side joining
portion 16T and the R-phase load side joining portion
16R, which are in proximity to each other, maintaining
insulation between the T-phase load side joining portion
16T and the R-phase load side joining portion 16R.
[0032] Similarly, in the embodiment, as clearly illustrat-
ed in FIG. 12, a power supply side insulating plate mem-
ber 20 is inserted between the S-phase power supply
side joining portion 15S and the N-phase power supply
side joining portion 15N, which are in proximity to each
other, from the power supply side to maintain insulation
between the S-phase power supply side joining portion
15S and the N-phase power supply side joining portion
15N. The power supply side insulating plate member 20
is made of, for example, insulating resin or the like, and,
in the embodiment, formed in a box shape that covers
the N-phase power supply side joining portion 15N en-
tirely. As a result, as illustrated in FIG. 14, the power
supply side insulating plate member 20 is interposed be-
tween the S-phase power supply side joining portion 15S
and N-phase power supply side joining portion 15N,
which are in proximity to each other, maintaining insula-
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tion between the S-phase power supply side joining por-
tion 15S and the N-phase power supply side joining por-
tion 15N.
[0033] FIG. 16 illustrates a state of the power supply
side through conductor portions 13T and 13R and the
load side through conductor portions 14S and 14N in the
annular core 9 of the zero-phase current transformer 8.
In the embodiment, since the power supply side through
conductor portions 13T and 13R and the load side
through conductor portions 14S and 14N each of which
has a quarter cylinder shape and a sectorial cross-sec-
tion with a central angle of 90° are used, the through
conductor portions are efficiently contained in the inner
hole of the annular core 9 without interfering with one
another. Moreover, since, as described earlier, the power
supply side insulating coating portions 17T and 17R and
the load side insulating coating portions 18S and 18N
are formed on the outsides of the power supply side
through conductor portions 13T and 13R and the load
side through conductor portions 14S and 14N, respec-
tively, insulation is also maintained.
[0034] FIG. 17 illustrates an example of power supply
side through conductor portions 13T and 13R and load
side through conductor portions 14S and 14N for a case
in which the inner hole of the annular core 9 of the zero-
phase current transformer 8 is oval. Since, in the embod-
iment represented by FIG. 16, the inner hole of the an-
nular core 9 is perfectly circular, through conductor por-
tions corresponding to four poles each of which has a
quarter cylinder shape and a sectorial cross-section with
a central angle of 90° may fit to the inner hole. However,
when, as illustrated in FIG. 17, the inner hole of the an-
nular core 9 is oval, simply combining through conductor
portions with sectorial cross-sections does not enable
the through conductor portions to be efficiently contained
in the inner hole of the annular core 9. Therefore, when
the inner hole of the annular core 9 is oval as illustrated
in FIG. 17, combining, for example, power supply side
through conductor portions 13T and 13R with sectorial
cross-sections and load side through conductor portions
14S and 14N with quadrilateral cross-sections enables
the through conductor portions to be efficiently contained
in the inner hole of the annular core 9.
[0035] As described above, in the embodiment, the
load side conductors 11T to 11N and the power supply
side conductors 12T to 12N are arranged on the one side
and the other side in the axial direction of the zero-phase
current transformer 8, respectively, in such a way that
the through conductor portions 14S and 14N, which are
continuously fixed to the load side conductors 11S and
11N, and the through conductor portions 13T and 13R,
which are continuously fixed to the supply side conduc-
tors 12T and 12R, penetrate the annular core 9 alternate-
ly one another from the one side and the other side in
the axial direction of the zero-phase current transformer
8, respectively. With this configuration, the through con-
ductor portions 13T, 13R, 14S, and 14N are joined to the
joining portions 16T and 16R of the load side conductors

11T and 11R and the joining portions 15S and 15N of
the power supply side conductors 12S and 12N, each of
which has a corresponding phase and is not continuously
fixed, and, as a result, the power supply side conductors
12T to 12N and the load side conductors 11T to 11N are
connected to each other with respect to each phase. At
this time, the insulating coating portions 18S, 18N, and
17R are formed at least on the outsides of the portions
of the through conductor portions continuously fixed to
the load side conductors 11S and 11N and the power
supply side conductor 12R, which makes it possible to
maintain insulation between the load side conductors
11T to 11N or the power supply side conductors 12T to
12N, which are mutually adjacent to one of the joining
portions 16T, 16R, 15S, and 15N. Therefore, it becomes
possible to achieve not only an excellence in assembla-
bility but also a miniaturization of a device because it is
not required to make the annular core 9 of the zero-phase
current transformer 8 have a large inner hole. Further-
more, since each of the load side conductors 11S and
11N and the power supply side conductors 12T and 12R,
which include the through conductor portions 14S, 14N,
13T, and 13R, respectively, is configured with, for exam-
ple, a combination of one of the load side conductors 11S
and 11N and the power supply side conductors 12T and
12R, which have plate-like shapes, and one of the
through conductor portions 14S, 14N, 13T, and 13R,
which have rod-like shapes, the conductor members are
easily processed.
[0036] When the annular core 9 of the zero-phase cur-
rent transformer 8 is perfectly circular, using the through
conductor portions 145, 14N, 13T, and 13R the cross-
sections of which orthogonal to the axis of the zero-phase
current transformer have sectorial shapes enables the
inner hole portion of the annular core 9 to be used effec-
tively as a through hole portion for the through conductor
portions 14S, 14N, 13T, and 13R.
[0037] Further, when the annular core 9 of the zero-
phase current transformer 8 is oval, using the through
conductor portions 14S, 14N, 13T, and 13R the cross-
sections of which orthogonal to the axis of the zero-phase
current transformer have a combination of sectorial
shapes and quadrilateral shapes enables the inner hole
portion of the annular core 9 to be used effectively as a
through hole portion for the through conductor portions
14S, 14N, 13T, and 13R.
[0038] Furthermore, interposing the insulating plate
members 19 and/or 20 between the joining portions 15S
and 15N and/or the joining portions 16T and 16R, each
pair of which are in proximity to each other, on either side
or both sides in the axial direction of the zero-phase cur-
rent transformer 8 enables the joining portions 15S and
15N and/or the joining portions 16T and 16R, each pair
of which are in proximity to each other, to be insulated
easily and securely.
[0039] In the afore-described embodiment, the T-
phase, S-phase, R-phase, and N-phase through conduc-
tor portions are arranged in such a way as to be inserted
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alternately from the power supply side and the load side.
With this configuration, it is possible to reduce the area
of proximity between joining portions in proximity to each
other on the power supply side or the load side. However,
the through conductor portions corresponding to four
poles do not always have to be inserted alternately. In
the case in which the through conductor portions are not
inserted alternately, there is a possibility that the area of
proximity between joining portions in proximity to each
other increases. If such a case materializes, interposing
insulating plate members to maintain insulation prevents
any difficulty.
[0040] Although, in the afore-described embodiment,
the earth leakage detection unit and the earth leakage
breaker including a 4-pole circuit that has N-phase in
addition to three poles, that is, T-phase, S-phase, and
R-phase, was described in detail, a circuit having three
poles, namely T-phase, S-phase, and R-phase, may also
be acceptable. In that case, a through conductor portion
corresponding to any one pole may be inserted into the
annular core from either one side of the power supply
side and the load side, and through conductor portions
corresponding to the other poles may be inserted into
the annular core from the other side of the power supply
side and the load side.

Reference Signs List

[0041]

1 Main-body case
2 Power supply side circuit
3 Open-close mechanism
4 Over-current tripping device
5 Leakage tripping device
6 Earth leakage detection unit
7 Trip coil unit
8 Zero-phase current transformer
9 Annular core
10T to 10N Load side terminal
11T to 11N Load side conductor
12T to 12N Power supply side conductor
13T, 13R Power supply side through conductor por-

tion
14S, 14N Load side through conductor portion
15S, 15N Power supply side joining portion
16T, 16R Load side joining portion
17T to 17N Power supply side insulating coating por-

tion
18T to 18N Load side insulating coating portion
19 Load side insulating plate member
20 Power supply side insulating plate mem-

ber

Claims

1. An earth leakage detection unit, comprising:

a zero-phase current transformer that has an
annular core;
load side conductors that are arranged on either
one side in an axial direction of the zero-phase
current transformer, corresponding to respec-
tive phases of load side terminals;
power supply side conductors that are arranged
on the other side in the axial direction of the zero-
phase current transformer, corresponding to re-
spective phases of a power supply side circuit;
through conductor portions among which a
through conductor portion (s) corresponding to
one phase or two phase is/are continuously fixed
to either one(s) of a load side conductor (s)
among the load side conductors and a power
supply side conductor (s) among the power sup-
ply side conductors, and among which through
conductor portions corresponding to the other
phases are continuously fixed to the other ones
of the other load side conductors and the other
power supply side conductors, and each of
which penetrates the annular core of the zero-
phase current transformer to be joined to a join-
ing portion of one of the load side conductors
and the power supply side conductors that has
a corresponding phase and to which any one of
the through conductor portions is not continu-
ously fixed; and
insulating coating portions each of which is
formed at least on the outside of a portion of the
through conductor portion continuously fixed to
one of the load side conductors and the power
supply side conductors at which one of the
through conductor portions is continuously
fixed.

2. The earth leakage detection unit according to claim
1, wherein, the annular core of the zero-phase cur-
rent transformer is perfectly circular, and shapes of
cross-sections of the through conductor portions or-
thogonal to the axis of the zero-phase current trans-
former are sectors.

3. The earth leakage detection unit according to claim
1, wherein, the annular core of the zero-phase cur-
rent transformer is oval, shapes of cross-sections of
the through conductor portions orthogonal to the axis
of the zero-phase current transformer are a combi-
nation of sectors and quadrilaterals.

4. The earth leakage detection unit according to any
one of claims 1 to 3, wherein, on either side or each
of both sides in the axial direction of the zero-phase
current transformer, an insulating plate member is
interposed between a joining portion of one of the
load side conductors and a joining portion of one of
the power supply side conductors in proximity to
each other.
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5. A multipolar type earth leakage breaker comprising:

an open-close mechanism for contacts of a pow-
er supply side circuit mounted in a main-body
case;
an over-current tripping device mounted in the
main-body case; and

a leakage tripping device mounted in the main-body
case, the leakage tripping device including a combi-
nation of an earth leakage detection unit and a trip
coil unit, the earth leakage detection unit including:

a zero-phase current transformer that has an
annular core;
load side conductors that are arranged on either
one side in an axial direction of the zero-phase
current transformer, corresponding to respec-
tive phases of load side terminals;
power supply side conductors that are arranged
on the other side in the axial direction of the zero-
phase current transformer, corresponding to re-
spective phases of a power supply side circuit;
through conductor portions among which a
through conductor portion (s) corresponding to
one phase or two phase is/are continuously fixed
to either one(s) of a load side conductor (s)
among the load side conductors and a power
supply side conductor (s) among the power sup-
ply side conductors, and among which through
conductor portions corresponding to the other
phases are continuously fixed to the other ones
of the other load side conductors and the other
power supply side conductors, and each of
which penetrates the annular core of the zero-
phase current transformer to be joined to a join-
ing portion of one of the load side conductors
and the power supply side conductors that has
a corresponding phase and to which any one of
the through conductor portions is not continu-
ously fixed; and
insulating coating portions each of which is
formed at least on the outside of a portion of the
through conductor portion continuously fixed to
one of the load side conductors and the power
supply side conductors at which one of the
through conductor portions is continuously
fixed.
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