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di scl'ased in JP-A-6-267396, nmagnetic shield is provided 10 all over the

quiside of a core and a secondary wi ndi ng of a zero phase current
transfornmer so as to nore | mprove t he bal ance characteristics.
In the conventional technique, it is necessaly to increase the total
vol ume of the magnetic shield to 15 inprove the bal ance characteristics.
As a result, the size of the zero phase current transfornmer becones
| ar ge, and, therefore, the size of the earth |eakage breaker-—
beconmes | arge when the zero phase current transforner S provi ded in
t he housing of the earth | eakage breaker. 20 Acc PG Yas Hebn REBRcREEN
difficult to obtain an earth | eakage breaker n size
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BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates to an earth
leakage breaker, and particularly to an earth leakage
5 breaker having a zero phase current transformer having a
magnetic shield structure suitable for miniaturization.
Description of the Related Art
In a conventional earth leakage breaker, as
disclosed in JP-A-6-267396, magnetic shield is provided
10 all over the outside of a core and a secondary winding of
a zero phase current transformer so as to more improve
the balance characteristics.
In the conventional technique, it is necessary
to increase the total volume of the magnetic shield to
15 improve the balance characteristics. As a result, the
size of the zero phase current transformer becomes large,
and, therefore, the size of the earth leakage breaker
becomes large when the zero phase current transformer is
provided in the housing of the earth leakage breaker.
20 Accordingly, it has been difficult to obtain an earth
ieakage breaker which is small in size and superior in

balance characteristics.

SUMMARY OF THE INVENTION

It is therefore an object of the present



SUMVARY OF THE | NVENTI ON It is therefore an object of the

present -2- I nvention to solve the
foregoi ng problens so as to provi de an earth | eakage breaker which is
small in size and superior in balance characteristics.

In order to achieve the above object, according 5 to an aspect of the
present inveahveatidn &or sblveakhge foregoifak @robdams 6 apowry supply side

term nal s provided for-a plurality of poles respectively, |oad side
provide an earth leakage breaker which is small in size
and superior in balance characteristics.
In order to achieve the above object, according

5 to an aspect of the present invention, an earth leakage
breaker comprises power supply side terminals provided
for a plurality of poles respectively, load side
terminals provided correspondingly to the power supply
side terminals for the respective poles, fixed contact

10 carriers electrically connected to the power supply side
terminals, movable contact carriers provided in opposi-
tion to the fixed contact carriers, conductors
electrically connected to the movable contact carriers
and the load side terminals, a zero phase current

15 transformer through which the conductors for the
plurality of poles are disposed, an earth leakage
detection means for detecting earth leakage on the basis
of an output of the zero phase current transformer, and a
breaker mechanism for opening the movable contact

20 carriers on the basis of an output of the earth leakage
detection means, wherein: each of the conductors is
formed into a flat bar, and the conductor for at least
one of the plurality of poles has a bent portion near a
portion being disposed through the zero phase current

25 transformer; and the zero phase current transformer has a
magnetic shield portion provided in a portion thereof

opposite to the bent portion.

Being formed in the form of a flat bar, each



term pals provided correspondingly to the power supply side termnal s
for the respective poles, fixed contact 10 carriers electrically connected
to the power supply side term nals, novabl e contact carriers provided

i n opposi - tion to the fixed contacL gaLriers, conductors

electrically connected to the novable contact carriers and the | oad

side term nalgonduc®® iR BEiEMntd = twﬁélﬁdﬁé et 1ide asEic WhoEbidhe
conductors for the plurality of poles are disposed, an earth | eakage

detection neasts findt dgiecidmprieadt el ad@rgud®tot hin bése sthickwisan out put
of the zero phase current transforner, and a breaker nmechani smfor
openi ng t he nbvaktteiaorfacthe Zowarat eitss otthiomaasxtterndimgn thtrgughof t he
eart h | eakage detecti on neans, wherein: each of the conductors is

the zero phase current transformer can be reduced. 1In

5 addition, the magnetic shield portion provided in the

portion opposite to the bent portion of the zero phase

current transformer can prevent the influence of a

current of the conductor even if the conductor comes

close to the core of the zero phase current transformer,

10 so that required balance characteristics can be obtained.
Further, the bent portion and the partial magnetic shied
portion can prevent the zero phase current transformer
from being extremely large in its size, so that it is
possible to prevent the earth leakage breaker from being

15 large in the size of its housing.

According to the present invention, it is
possible to minimize the size a zero phase current
transformer, and it is possible to provide an earth

leakage breaker small in size and superior in balance

20 characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view of an earth leakage
breaker in a first embodiment of the present invention;
Fig. 2 is a sectional view of the earth leakage
25 breaker in the first embodiment of the present invention;
Fig. 3 is an enlarged plan view of a load side

portion of the earth leakage breaker in the first embodi-



formed into a flat bar, and the conductor for at | east one of the

plurality of poles has a bent portion near a portion being disposed
fhrough the zero phase current 25 transforner; and the zero phase current
transforner has a magnetic shield poption provided in a portion

t her eof opposite to the bent portion. Being forned in
the formof gdl@atopaghe §96dsent invention; _ - 3-
conductor can be bent Into a U shape at its bent portion so that the

I ength of the conductorrid. theis higkimBerged skeecdnaD eiewhefcene at its
portion extending through

load side portion of the earth leakage breaker in the

first embodiment of the present invention;

5 Figs. 5A to 5D are diagrams for explaining the
effects of the balance characteristics of the earth
leakage breaker in the first embodiment of the present
invention, in which Fig. 5A is a diagram illustrating
arrangement of a zero phase current transformer not

10 provided with a magnetic shield portion and conductors
penetrating the zero phase current transformer, Fig. 5B
is a diagram illustrating arrangement of a zero phase
current transformer partially provided with a magnetic
shield portion and conductors penetrating the zero phase

15 current transformer, Fig. 5C is a diagram showing
experimental results about balance characteristics in a
case where a magnetic shield portion is not provided and
in a case where a magnetic shield portion of this
embodiment is provided, and Fig. 5D is a diagram showing

20 the experimental results of Fig. 5C with a graph;

Figs. 6A and 6B are perspective views of a zero
phase current transformer of the earth leakage breaker in
the first embodiment of the present invention, in which
Fig. 6A is a perspective view illustrating the appearance

25 of the zero phase current transformer of this embodiment,
and Fig. 6B is a perspective view illustrating a specific
configuration of the zero phase current transformer of

this embodiment;



the zero phase current transfornmer can be reduced. In 5 addition, the

magnetic shield portion provided in the portion opposite to the bent
portion of the zero phase current transfornmer can prevent the influence
of a current of the conductor even jfgthe conductor cones close to

the core of the zero phase current transformer, 10 so that required

bal ance characteristicgigan ba e Jnede perspddtistie Wiksrdcrportion and
the partial nmagnetic shied portion can prevent the zero phase current

transforner illusteatieigna eodidielatilon @f ithe tzerd phaseo duxateritt i S
possible to prevent the earth | eakage breaker frombeing 15 large in the
size of its heasisfgrmer in the firsAcembdidignend tdfe theegur@seantvention, it
S possible to mnimze the size a zero phase current
invention, in which Fig. 7A is a perspective view
5 1illustrating the appearance of the zero phase current
transformer of this modification, Fig. 7B is a perspec-
tive view illustrating a specific confiéuration of the
zero phase current transformer of this modification, and
Fig. 7C is a perspective view illustrating another
10 specific configuration of the zero phase current
transformer in this modification;

Fig. 8 is an enlarged sectional view of a load
side portion of an earth leakage breaker in a second
embodiment of the present invention; and

15 Figs. 9A and 9B are views illustrating the
positional relationship among a ZCT of the earth leakage
breaker, conductors penetrating the zZCT, and magnetic
shield in the first embodiment of the present invention,
in which Fig. 9A is a plan view illustrating the

20 positional relationship between the ZCT and the
conductors being disposed through the ZCT, and Fig. 9B is
an elevation illustrating the positional relationship
between the ZCT and the conductors being disposed through
the ZCT.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the present invention will be

described below with reference to Fig. 1 to Figs. 9A and



transfornmer, and it is possible to provide an earth | eakage breaker

smal | in size and superior in balance 20 characteristics. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a plan view of an
earth | eakage breaker in a first epbgdinent of the present invention;
Fig. 2 is a sectional .view of the earth | eakage 25 breaker in the first
enbodi nent ofgg.he present invention; Fig. 3 is an enl arged
pl an view of a | oad side portion of the earth | eakage breaker in the
first enbodi- A first embodiment of the present invention

will be described with reference to Fig. 1 to Figs. 7A to
7C, and Figs. 9A and 9B.

5 Fig. 1 is a plan view of an earth leakage
breaker in this embodiment. Fig. 2 is a sectional view
of Fig. 1. Fig. 3 is an enlarged plan view of a load
side portion of Fig. 1. Fig. 4 is an enlarged view of
the load side portion of Fig. 2. Figs. 5A to 5D show the

10 experimental results of the balance characteristics, and
Figs. 6A and 6B are perspective views of a zero phase
current transformer. Figs. 9A and 9B are diagrams
illustrating the positional relationship among a ZCT,
conductors being disposed through the ZCT, and magnetic

15 shield in this embodiment.

In the earth leakage breaker in this embodi-
ment, a zero phase current transformer 2 (hereinafter
abbreviated to "ZCT"), a printed board case 4 storing a
printed board 3 on which an earth leakage detection means

20 60 for detecting earth leakage on the basis of the output
of the ZCT 2 is mounted, a mechanism portion 5 as a
breaker mechanism, a movable contact carrier 42 and a
fixed contact carrier 32, and an arc chute 70 are stored
in a housing 50 constituted by a cover 7 and a case 8.

25 The ZCT 2 is disposed close to a load side terminal 40,
and the printed board 3 and the printed board case 4 are
provided above the ZCT 2. The mechanism portion 5 and a

handle 6 for operating this mechanism portion 5 manually



-4- . nment of the present invention; Fig. 4 is an enl arged

sectional view of the | oad side portion of the earth | eakage breaker in
t he first enbodi nent of the present invention; 5 Figs. 5A
to 5D are diagrans for explaining the _ jeffects of the bal ance
characteristics of the earth | eakage breaker in the first enbodi nent of

the present are igt®¥d Ofh ndhMy Cthd| dendy | ot bRIGAMhE | HiShE BhGNYO
arrangenent of a zero phase current transformer not 10 provided wth a

magneti ¢ shi edgl shwvn aih AaEhsoMuEddrs. Theanstabileée ngortwct etarpbase
current transforner, Fig. 5B Is a diagramillustrating arrangenent of a
zero phase 42 cis raorinectas fioo nghe peechatism ppontden % téand thkgnEixed
contact carrier 32 is disposed, in the bottom of the case
5 8, at a position opposite to this movable contact carrier
42. The arc chute 70 is disposed close to a power supply
side terminal 30 in a space portion. Mainly in an earth
leakage breaker of 400 A frame or more, there are
provided an auxiliary power supply side terminal 9 and an
10 auxiliary load side terminal 10 for making a large
current flow into the normal power supply side terminal
30 and the normal load side terminal 40. A first
conductor plate 1, a second conductor plate 11 and a
third conductor plate 12 each of which has a bent portion
15 formed as shown in Figs. 3 and 4 are provided so as to be
disposed through the ZCT 2, and the printed board case 4,
the printed board 3 and a board cover 17 are disposed
above those conductor plates. 1In this embodiment,
circuit parts mounted on the printed board are attached
20 on the side opposite to the ZCT 2 in the board case 4 (on
the side facing a bottom 50a of the earth leakage
breaker). When indicators such as LED indicators, liquid
crystal indicators, etc. are provided for indication of
operation, pre-alarm, etc., the board cover 17 is made
25 from a transparent material, and the indicators are
installed to face the board cover 17 on the opposite side
to the ZCT 2 in the board case (on the side facing a

surface 50b of the earth leakage breaker).



shield portion and conductors penetrating the zero phase 15 current

transfornmer, Fig. 5Cis a diagram show ng experinmental results about
bal ance characteristics in a case where a magnetic shield portion is
not provi ded and in a case where aJmggnetic shield portion of this

enbodi nent is provided, and Fig. 5D is a diagramshowing 20 the

experinmental results opnki gon8ticvbthfergeapbnto a flat bar isFigs. 6A and
6B are perspective views of a zero phase current transformer of the

eart h | eakageldecerkeally connebeedi thtoaghodi fikekiblet henfduesert 43neenti on,
i n which Fig. 6Ais a perspective viewillustrating the appearance - 25
of the zero phasmsovablencontantfoanpievf42hfereaboli pede. The and Fig. 6B

i s a perspective viem/[llustrating a specjfic, confi%uration of the
zero phase cEPREREtPFahSiEPREFLbRted by the first conductor plate 1,

5 the second conductor plate 11 and the third conductor
plate 12 as shown in Fig. 4 in this embodiment. U-shaped
bent portions la and 12a at portions being disposed
through the ZCT 2 are formed on the first conductor plate
1 and the third conductor plate 12 respectively. Since

10 the portions bent into a U-shape are bent substantially
at a right angle respectively in this embodiment, the
length of each portion of the first conductor plate 1 and
the third conductor plate 12 being disposed through the
ZCT 2 is only a sum of the axial length of a core 2a of

15 the Z2CT 2 (the thickwise length of the core 2a) and the
length of a gap (about several mm) required for assembly
between the conductors 1 and 12 and the surface of the
core 2a. Accordingly, the portion where the conductors
1, 11 and 12 extend through the ZCT 2 can be reduced in

20 size. 1In addition, the ZCT 2 has a magnetic shield
portion 2b wider than any of the first and third
conductor plates 1 and 12 in the right-left direction in
Fig. 4 (in the direction perpendicular to the direction
of extension of the first conductor plate 1, the second

25 conductor plate 11 and the third conductor plate 12
through the ZCT 2). In this embodiment, the load side
terminals 40 are formed respectively integrally with the

- remainder portions of the first conductor plate 1, the



t his enbodi nment; -5-

Figs. 7A to 7C are perspective views each illustrating a nodification
of the zero phase current transforner in the first enbodi mrent of the
pr esent invention, in which Fig. 7A_ g a perspective view 5

Il lustrating the appearance of the zero phase current transforner of

this nodificaibebndFeéndiBtbe placesPeCand théi ¥Ri¥devohbuksbiapilagea
specific configuration of the zero phase current transformer of this
nmodi fication, 12ndfter ékgendingsthrpaghpehéi geTvRew il lustrating anot her
Next, the experimental results of the balance
characteristics will be described with reference to
5 Figs. 5A to 5D. Fig. 5A shows the case where no magnetic
shield portion is provided in the ZCT 2. Fig. 5B shows
the case where the magnetic shield portion 2b of this
embodiment is provided in the ZCT 2. Fig. 5C shows the
experimental results about balance characteristics in
10 three samples in each of the cases of Figs. 5A and 5B
with respect to a 600 A frame earth leakage breaker.
These experimental results were obtained in a manner so
that a balanced current was made to flow into the
conductors for a moment (about one to two cycles) to
15 measure a current value in the limit where the ZCT 2 can
operate normally (no output is generated from the ZCT 2).
Fig. 5D shows the experimental results of Fig. 5C with a
graph. It is understood from Fig. 5D that the current
value (the graph (b) in Fig. 5D) of the limit of normal
20 operation in the case where the magnetic shield portion
2b is provided is larger greatly than the current value
(the graph (a) in Fig. 5D) of the limit of normal
opefation in the case where no magnetic shield portion is
provided. The current value of the limit of normal
25 operation is set to be ten times to over ten times larger
than the current value of a normal frame, and set to
6,000 A in the 600 A frame. 1In this embodiment, the

target value of 6,000 A or more can be attained from



10 specific configuration of the zero phase current transfornmer in this
nodi fication; Fig. 8 is an enl arged sectional view of a |oad
side portion of an earth | eakage breaker in a second enbodi ment of the
present invention; and 15 Figs.o 2A and 9B are views illustrating
t he positional relationship anong a ZCT of the earth | eakage

breaker, conduei.orsp paseettinit nthd henbddimerrtd cergnsd igppliedhiel d in the
first enmbodi nent of the present invention, in which Fig. 9A is a plan
view il | ustr ginawtidesl pbdiosigd oridtie megrietoirs ehpl doled vismnt idre 2Z2CTisnd t he
conductors being disposed through the ZCT, and Fig. 9B is an el evation
illustrating anfipi%{)tﬁmmn eagh @attiion oppassitRece tthe A®mtind t he

conduct ors bei ng di sposed through ] )
portions la and 12a of the conductors in the ZCT 2 in

5 this embodiment, so that it is possible to prevent the
influence from a current of any conductor even if the
conductors 1 and 12 are disposed close to the core 2a of
the ZCT 2, and it is possible to obtain required balance
characteristics.

10 A specific configuration of the zero phase
current transformer in this embodiment will be described
with reference to Figs. 6A and 6B. Fig. 6A shows the
appearance of the ZCT 2 provided with the magnetic shield
portion 2b. To obtain a specific configuration of the

15 magnetic shield portion 2b, as shown in Fig. 6B, a first
shield member 13 where a plurality of sheets of magnetic
shield members such as silicon steel or the like are
laminated one on one is integrated with part of the outer
circumference of the circular core 2a of the ZCT 2 by

20 taping, bonding or the like. Although the first shield
member 13 is obtained by laﬁinating, one on one, a
plurality of magnetic shield plates of silicon steel
plates or the like shaped into an arc in accordance with
the outline of the ZCT 2, the first shield member 13 may

25 be of a single thick plate. The magnetic shield member
13 may be provided so as to be removable from the ZCT 2.

Figs. 9A and 9B are diagrams showing the

positional relationship among the ZCT 2, the conductors



t he ZCT. 25 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Enbodi nents of the present invention will be descri bed bel ow with
reference to Fig. 1 to Figs. 9A and :

- 6- 9B. A first enbodi ggnt. of the present invention

will be described with reference to Fig. 1 to Figs. 7A to 7C, and Fi gs.

9A and 9B. Peing disposed)-thirdughd theamot &Y GindrRAmdyioakadhield
portion 2b applied thereto. Fig. 9A is a plan view of
the ZCT 2 and the respective conductor plates. Fig. 9B
is a sectional elevation of Fig. 9A taken from the load
5 side terminal 40. The relation of the size of the
magnetic shield portion 2b hatched in Fig. 9B is
expressed by C<A and Ds<B by use of the sizes A, B, C and
D in the drawing.
The closer the size C is to the size A, the
10 more improved the balance characteristics are. In
addition, the closer the size D is to the size B, the
more improved the balance characteristics are. 1In
addition, in the magnetic shield portion 2b shown in the
hatched portion, the larger the thickness in the right-
15 1left direction in the drawing is, the more improved the
balance characteristics are.

Figs. 7A to 7C are perspective views illustrat-
ing modifications of the magnetic shield portion 2b in
this embodiment. The ZCT 2 in each of the modifications

20 has a magnetic shield portion 2c formed into a U-shape as
shown in Fig. 7A. Specifically, the magnetic shield
portion 2c is formed of a lamination of shield plates and
bent into a U-shape, as shown in Fig. 7B or it is formed
of a thick plate and bent into a U-shape as shown in

25 Fig. 7C.

To obtain the magnetic shield portion 2c of
Fig. 7B, a second shield member 14 made of a plurality of

silicon steel plates formed into an arc in accordance



breaker in this enbodinent. Fig. 2 is a sectional view of Fig. 1. Fig.
3 is an enlarged plan view of a | oad side portion of Fig. 1. Fig. 4 is
an enl arged vi ew of the | oad side portion of Fig. 2. Figs. 5A to 5D
show the 10 experinmental results of theqBalance characteristics, and
Figs. 6A and 6B are perspective views of a zero phase current

transforner. Hitds thtA A iHe I tHeWEM? and ildmistdtdd Reh tdecposi ti onal
rel ati onshi p anong a ZCT, conductors being di sposed through the ZCT,

and nmagneti ¢ othershiatidl d pdit ofemtitdasiield members 15 eddh tideast h
| eakage breaker in this enbodi- ment, a zero phase current transforner
2 (hereinafter lamimstbresyich ed plar'add@ry) ,ofa sirlivtand sivseld phkestes! at®ring a
printed board 3 on which an earth | eakage detection neans
combined with each other into a U-shape. The second
5 shield member 14 and the third shield members 15 may be
integrated with the circular ZCT 2 by taping, bonding ox
the like, may be detachably assembled with the latter.
The magnetic shield portion 2c of Fig. 7C is
formed of a fourth shield member 16 which is made from a
10 thick plate bent into a U-shape. The ZCT 2 and the
fourth shield member may be integrated with each other by
taping, bonding or the like, or may be detachably
assembled. The relation of size between the magnetic
shield portion 2b and the conductors 1 and 12 described
15 in Fig. 9B can be applied to this modification. In this
modification, the balance characteristics are more
improved as the thickness of the portions added to the
core 2a of the magnetic shield portion 2c¢ in the thick-
wise direction of the core 2, that is, the thickness of
20 the portions of the opposite sides of the U-shape is made
larger, so that it is possible to obtain a ZCT superior
in balance characteristics to that shown in Figs. 6A and
6B.
A second embodiment of the present invention
25 will be described with reference to Fig. 8.
Fig. 8 is a sectional view of a load side

portion of an earth leakage breaker in this second

embodiment. A Z2CT 2 is provided so as to be one-sided



20 6Q for detecting earth | eakage on the basis of the output of the

ZCT 2 is nounted, a nmechanismportion 5 as a breaker mechanism a
movabl e contact carrier 42 and a fixed contact carrier 32, and an arc
chute 70 are stored in a housing 20igonstituted by a cover 7 and a

case 8. 25 The ZCT 2 is disposed close to a |oad side term nal 40,
and the pri ntefraieniche3 cidHedlidsiced] thearoppmasael sildes in gHiwi ded

above the ZCT 2. The nechanismportion 5 and a handl e 6 for operating
t hi s mechani smbpdimient.5 Meuddly 2 is disposed on the side of the -7-
are stored in nearly the center portion of the housing 50
pole where a first conductor plate 1 is provided in this
embodiment. In this embodiment, the first conductor
5 plate 1 has a bent portion la having a rising edge which
is short, and a portion opposite to the ZCT 2 which is
extremely small. A third conductor plate 12 has a bent
portion 12a having a rising edge which is long, and a
portion opposite to the ZCT 2 which is long. Therefore,
10 the balance characteristics of the ZCT 2 receive
influence mainly from a current flowing in the bent
portion 12a.
In order to prevent this influence, a magnetic
shield member 2b is provided only on a portion of the 2ZCT
15 2 opposite to the bent portion 12a of the third conductor
plate 12 in this embodiment. A printed board case 4, a
printed board 3 and a board cover 17 are disposed above
the ZCT 2 and respective conductors in the same manner as
in the first embodiment. The other configuration is
20 similar to that of the first embodiment.
Also in this embodiment, the conditions C<A and
D<B are established in the size relationship of the
shield member in Fig. 9B. The closer the size C is to
the size A, or the closer the size D is to the size B,
25 the more improved the balance characteristics are. In

addition, in an added shield member shown in the hatched

portion, the larger the thickness in the right-left



as shown in Figs. 1 and 2. The novabl e contact carrier 42 i s connected
t.-o the mechanismportion 5, and the fixed contact carrier 32 1is

di sposed, in the bottomof the case 5 8, at a position opposite to this
novabl e contact carrier 42. The arc-ciwite 70 is disposed close to a
power supply side termnal 30 in a space portion. Mainly in an earth

| eakage breakdiredti®) isfrthe morepimproted ethé ebalanféo¥hdgdcaarauxiliary
power supply side termnal 9 and an 10 auxiliary load side termnal 10 for
maki ng a | argeStics cageent flow into the normal power supply side terninal
30 and the normal |oad side termnal 40. A first conductor plate 1, a
second conductor plate 11 and a third conductor plate 12 each of which
has a bent portion 15 fornmed as shown in Figs. 3 and 4 are provided so as
to be



di sposed through the ZCT 2, and the printed board case 4, the printed
board 3 and a board cover 17 are di sposed above t hose .conduet-or- plates.

I'n this enbodi nment, circuit parts nounted on t

attached 20 on the side opposite to the T 2 in tﬁﬂmﬁm mg@maﬁ

the side facing a bottom 50a of the earth eakage en

I ndi cators SUﬁﬁé sts5EBLhRftEpatgLs, liquid crystal indicators, etc. are
provi ded for 1 ndication o operation, pre-alarm etc., the board cover

17 is made 2% froma taanspsEANt eBREGE BreakBe bbmptraém@t Powedl €
installed to face the board cover 17 on the opposi te side to the zZCT 2

in the board gagpplyositibeteirfiénkasi pgogided four hapduraliafy oife pedrish

| eakage breaker
respectively, load side terminals provided correspond-
ingly to said power supply side terminals for said
respective poles, fixed contact carriers electrically
connected to said power supply side terminals, movable
contact carriers provided in opposition to said fixed
contact carriers, conductors electrically connected to
said movable contact carriers and said load side
terminals, a zero phase current transformer through which
said conductors for said plurality of poles are disposed,
an earth leakage detection means for detecting earth
leakage on the basis of an output of said zero phase
current transformér, and a breaker mechanism for opening
said movable contact carriers on the basis of an output
of said earth leakage detection means, wherein each of
said conductors is formed into a flat bar, and the
conductor for at least one of said plurality of poles has
a bent portion near a portion being disposed through said
zero phase current transformer; and said zero phase
current transformer has a magnetic shield portion
provided in a portion thereof opposite to said bent
portion.
2. An earth leakage breaker comprising power
supply side terminals provided for a plurality of poles
respectively, load side terminals provided correspond-

ingly to said power supply side terminals for said



-8-

One conductor formed into a flat bar is =~ " electrically

connected through a flexible conductor 43 to tQHIWMMI t

carrier 42 for each pole. The conductor is conshil 'wﬂﬂ" rst
conductor plate 1, 5 the second conductqrg pl ate 11 and the thi#d conduct or
plate 12 as shown in Fig. 4 in this enbodi nent. U shaped bent portions

|l a and 12a aty

Pddtaife R disRese Gontadth i dhe Aot pd£1 fpr med on

the first conductor plate 1 and the third conductor plate 12
respectivel y.conimetedlGd miph rgowss sapply Hicle Hérahiand sy andyeatile

substantially

at a right angle respectively in this enbodi ment, the

contact carriers provided in opposition to said fixed
contact carriers, conductors electrically connected to
said movable contact carriers and said load side
terminals, a zero phase current transformer through which
said conductors for said plurality of poles are disposed,
an earth leakage detection means for detecting earth
leakage on the basis of an output of said zero phase
current transformer, a breaker mechanism for opening said
movable contact carriers on the basis of an output of
said earth leakage detection means, and a housing shaped
into a substantially rectangular parallelpiped so as to
store at least said fixed contact carriers, said movable
contact carriers, said conductofs, said zero phase
current transformer, said earth leakage detection means
and said breaker mechanism, wherein each of said
conductors for said plurality of poles are disposed near
a bottom portion of said housing; said zero phase current
transformer is disposed between said breaker mechanism
and said load side terminals near said bottom portion of
said housing; each of said conductors is formed into a
flat bar and the conductor for at least one of said
plurality of poles has a bent portion near a portion
being disposed through said zero phase current trans-
former; said zero phase current transformer has an
annular core and a magnetic shield portion provided in a

portion of said core opposite to said bent portion, and



| engt.h of each portion of the first conductor plate 1 and th ird
conductor plate 12 being disposed through the Zﬂ'll“!:“ﬂﬂ!ﬂ“ﬁuﬂmilmd
the axial length of a core 2a of 15 the ZCT 2 (the't¥ " st of the
core 2a) and the l ength of a gap (abeggt_several nm required for
assenbly bet ween the conductors 1 and 12 and the surface of the

core 2a. Accgkdiigpbpsetingopehhitoanvasialtl Ag reetddvdt @S said borkl iand 12
extend through the ZCT 2 can be reduced in 20 size. In addition, the ZCT 2

has a magnet sabshieetdally partildel?wivhder dilrection dromheafid stowsxd t hird
conductor plates 1 and 12 in the right-left direction in Fig. 4 (in the
direction pespppdiycside terminadisr sowaad saidoflogdt srigdieorregmimad sf;i r st
conductor plate 1, the second 25 conductor plate 11 and the third
conduct or pl 8pg $aid earth leakage detection means is disposed

between an inner side of said housing opposite to said

bottom portion and said zero phase current transformer.

3. An earth leakage breaker according to Claim 1,

wherein said bent portion is U-shaped.

4. An earth leakage breaker according to Claim 2,

wherein said bent portion is U-shaped.

5. ‘An earth leakage breaker according to Claim 1,

wherein said magnetic shield portion is U-shaped and

installed in said zero phase current transformer.

6. An earth leakage breaker according to Claim 2,

wherein said magnetic shield portion is U-shaped and

installed in said zero phase current transformer.



through the ZCT 2). In this enbodi nent, the | oad side termnals 40 are

formed respectively integrally with the remai nder portions of the
first conductor plate 1, the -9-
second conductor plate 11 and the third ggnductor plate 12 after
extendi ng through the zZCT 2. Next, the experinental results
of the bal anassTraCChoragher DIGCLHSURE be described with reference to 5
Figs. 5A to 5D. Fig. 5A shows the case where no nagnetic shield portion

is provided in the ZCTI2. ahi gariB deakage brehkesasd thher @lra lnngnetfi c

shield portion 2b of this
poles for detecting earth leakage on the basis of an
output of a zero phase current transformer, conductors
extending through the zero phase current transformer are
shaped into a flat bar, and the conductor for at least
one of the poles has a U~shaped bent portion.near a
potion thereof extending through the zero phase current
transformer, and a magnetic shield portion is formed on a
portion of the zero phase current transformer opposite to
the bent portion. By the provision of the U-shaped bent
portion, the portion of the conductor extending through
the zero phase current transformer can be minimized. The
magnetic shield portion provided on the portion of the
zero phaée current transformer opposite to the bent
portion can prevent influence from the conductor even if
the conductor is adjacent to a core of the zero phase
current transformer, so that required balance character-
istics can be obtained. Consequently, the zero phase
current transformer can be made small-sized to provide an
earth leakage breaker which is small in size and superior

in balance characteristics.
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enbodi ment is provided in the ZCT 2. Fig. 5C shows the experi ment al
results about bal ance characteristics in 10 three sanples in each of the

cases of Figs. 5A and 5B with respect to a 600 A franme earth | eakage
br eaker . These experinmental results were obtained in a manner so
that a bal anced current was nmade to flow_jnto the conductors for a
nonment (about one to two cycles) to 15/§%asure a current value in the
limt where the ZCT 2 can operate normally (no output is generated from
t he ZCT 2). Fig. 5D shows the experinmental results of Fig. 5Cwth a
graph. It is understood fromFig. 5D that the current val ue (the graph
(b) in Fig. 5D) of the limt of normal 20 operation in the case where the
magneti c shield portion 2b is provided gy largeQOgreatly than the
current val ue - -%
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(the'graph (a) in Fig. 5D) of the linit of normal operation in the

case where no magnetic shield portion is . provided. The current val ue
of the imt of normal 25 operation is set to be ten tines to over ten
times larger - than the current value of a normal frane, and set to
6,000 Ain the 600 A franme. In this e599%£nent, t he target val ue of
6,000 A or nore can be attained from

10 - Fig. 5D, so that the enbodi ment can be applied to practi cal
products. The magnetic shield portion 2b is provi ded thus in each

portion opposite to the bent
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portions la and 12a of the conductors in the ZCT 2 in 5 this enbodinent,

so that it is possible to prevent the I nfl uence froma current of any
conductor even if the conductors 1 and 12 are disposed close to the
core 2a of the ZCT 2, and it is possible to obtain required bal ance
characteristics. 10 A spec;f %%conflguratlon of the zero phase
current transformer in this enbodi nen 4A be descri bed wi th reference
to. Figs. 6A and 6B. Fig. 6A shows the appear ance of the ZCT 2 provided
with the magnetic shield portion 2b. To obtain a specific configuration
of the 15 magnetic shield portion 2b, as shown in Fig. 6B, a first

shield nenber 13 where a plurality of eet g of gnetic shi el d nenbers
such as silicon steel or the like are é; égi
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| ami nated one on one is integrated with part of the outer ci rcunf erence
of the circular core 2a of the ZCT 2 by 20 taping, bonding or the I|ike.
Al t hough the first shield menber 13 is obtained by |am nating, one on
one, a plurality of magnetic shield plates of silicon steel pl at es
or the like shaped into an arc in accgfgggce W th the outline of the
ZCT 2, the first shield nenber 13 may be of a single thick plate. The
magneti c shield nmenber 13 may be provided so ag to be renovable from
t he zZCT 2. Figs. 9A and 9B gre diagréhr %Pomﬁng t he

0

positional rel ai:i._orisr&p angthe ZCT 2,

[ LY A 'Y\ ]
4 ' 12
| |
2a
fa [2a
FI1G. 5B - ob
i {x 2 - -‘:‘\‘:‘:{:
= é? —
I
12
> ||
FI1G.5C ~ (a) (b)
5160A 6620A
RESULT 4850A 6650A
- 5330A 6520A
T“I‘sﬁhliet ﬁiilfeleili"i’ii“d MEAN VALUE 5113A 6563A
(NUMBER OF SAMPLES:3)
TARGET NOT
F1G SD 1 LOWER THAN 6000A
. w 6563A
3 | @
> .
5 5113A Eg.
m %
o
>
O e
T oA | NS

{a) (b)



bei ng di sposed through the ZCT 2, and the nagnetic shield portion 2b
applied thereto. Fig. 9Ais a plan view of the ZCT 2 and the respective
conductor plates. Fig. 9B is a sectional elevation of Fig. 9A taken
fromthe load 5 side termnal 40. The relation of the size of the

magnetic shield portion 2b hatched-insgi/g51 9B is expressed by Clerr]A
and Derr]B by use of the sizes A B, d D in the draw ng.

The closer the size Cis to the size A, the 10 nore inproved the bal ance
characteristics are. In addition, the closer the size Dis to the size
B, the nore inproved the bal ance characteristics are. In addi tion,
in the magnetic shield portion 2b shown in the

FIG. 6A
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hat ched- portion, the larger the thickness in the right- 15 left direction

in the drawing is, the nore inproved the bal ance characteristics are.
Figs. 7TAto 7C are perspective views illustrat- i ng nodi fications of

the magnetic shield portion 2b in this enbodiment. The ZCT 2 in each of .
the nodifications 20 has a nmagnetic ?”ll/%d portion 2c forned into a

U- shape as showmn in Fig. 7A. Specitically, the magnetic shield

portion 2c is formed of a |l am nation of shield plates and bent into a
U shape, as shown in . Fig. 7B or it is formed of a thick plate and bent
into a U shape as shown in 25 Fig. 7C To obtain the -
magnetic shield portion 2c of Fig. 7B, a second éhi el d nenber 14 made

of a plurality of

FIG. 7A
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silicon steel plates fornmed into an arc in accordance

=, 12 - with the outline of the ZCT 2 and | am nated on each ot her,
and a pair of third shield nenbers 15 each nade of a lamnation of a
plurality of silicon steel plates are conbined with each other into a
U-shape. The second 5 shield nenber é#/gyd the third shield nenbers 15 may
be integrated with the circular Z by taping, bonding or t he

| i ke, may be detachably assenbled with the latter. The
magnetic shield portion 2c of Fig. 7Cis formed of a fourth shield

menber 16 which is made from a

FIG. 8
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- 10 thick plate bent into a U-shape. The ZCT 2 and the fourth shield

nmenber may be integrated with each ot her by tapi ng, bonding or the

| i ke, or may be detachably assenbl ed. The relation of size between the
magneti c shield portion 2b and the conductors 1 and 12 described 15 in
Fig. 9B can be applied to this nDdifigﬁ%Q?n. In this nodi fication, the
bal ance characteristics are nore I'nMproved as the thickness of the
portions added to the core 2a of the magnetic shield portion 2c in the
t hi ck- - wi se direction of the core 2, that is, the thickness of 20 the
portions of the opposite sides of the U shape is nade | arger, so that

It is possible to obtain a ZCT supgri ¢r A bal ance characteristics to
that shown in Figs. 6A and GB.F. t G- QA
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REPLACEMENT SHEET

" A second enbodi ment of the present invention 25 will be described with

reference to Fig. 8. Fig. 8 is a sectional view of a | oad

si de portion of an earth | eakage breaker in this second

enbodiment. A ZCT 2 is provided so as to he one-sided

- 13 - toward one of the poles on tﬁé]oﬁbosite sides in this

enbodi nent. The ZCT 2 is disposed on the side of the pol e where a first
conductor plate 1 is provided in this enbodi ment. In this enbodi nent,

the first conductor 5 plate 1 has a bent portion | a having a rising edge
whi ch EARTH LEAKAGE BREAKER

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to an earth
leakage breaker, and particularly to an earth leakage
5 breaker having a zero phase current transformer having a
magnetic shield structure suitable for miniaturization.
Description of the Related Art
In a conventional earth leakage breaker, as
disclosed in JP-A-6-267396, magnetic shield is provided
10 all over the outside of a core and a secondary winding of
a zero phase current transformer so as to more improve
the balance characteristics.
In the conventional technique, it is necessary
to increase the total volume of the magnetic shield to
15 improve the balance characteristics. As a result, the
size of the zero phase current transformer becomes large,
and, therefore, the size of the earth leakage breaker
becomes large when the zero phése current transférmér is
provided in the housing of the earth-Ieakage breaker.
20 Accordingly, it has been difficult to obtain an earth
leakage breaker which is small in size and superior in

balance characteristics.

SUMMARY OF THE INVENTION

It is therefore an object of the present
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REPLACEMENT SHEET

"is.short, and a portion opposite to the ZCT 2 which is extrenely smal
A third conductor plate 12 has a bent portion 12a having a rising edge
which is long, and a portion opposite to the ZCT 2 which is |ong.
Therefore, 10 the bal ance characteristics of the ZCT 2 receive

influence mainly froma current flowi ng LR the bent portion 12a.

In order to prevent this influence, a nagnetic shield nenber 2b is

provi ded only on a portion of the ZCT 15 2 opposite to the bent portion
12a of the t%@@&ﬁt&%ﬁﬁé@§L§5§éﬁgﬁtate 12 in this embodi ment. A printed
board case 4, a printed board 3 and a board cover 17 are disposed
above the ZCT 2 and respective conductors in the sanme manner as

in the first ABSB8ACTeRF. THEe DISKEOSYREr i guration is

In an earth leakage breaker with a plurality of
poles for detecting earth leakage on the basis of an
output of a zero phase current transformer, conductors
extending through the zero phase current transformer are
shaped into a flat bar, and the conductor for at least
one of the poles has a U-shaped bent portion near a
potion thereof extending through the zero phase current
transformer, and a magnetic shield portion is formed on a
portion of the zero phase current transformer opposite to
the bent portion. éy the provision of the U-shaped bent
portion, the portion of the conductor extending through
the zero phase current transformer can be minimized. The
magnetic shield portion provided on the portion of the
zero phase current transformer opposite to the bent
portion can prevent influence from the conductor even if
the conductor is adjacent to a core of the zero phase
current transformer, so that regqguired balance character-
istics can be obtained. Consequently, the zero phase
current transformer can be made small-sized to provide an
earth leakage breaker which is small in size and superior

in balance characteristics.

Fig. 2
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20 -sinmilar to that of the first enbodinent. ﬂ%oLAlCnEMEstSHEET
enbodi nent, the conditions (Jerr]A and Dierr]B are established in the
size relationship of the shield nenber in Fig. 9B. The closer the size
Cisto the size A, or the closer the size Dis to the size B, 25 the
nore inproved the bal ance characteristics are. In addition, in an
added shield member shown in the hatchéd ~ portion, the |arger the
thickness in the right-Ileft ' - 14 -
direction is, the nore inproved the bal ance character- istics are.
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'~ ‘15 - WHAT IS CLAIMED I'S; 1. An earth | eakage br BEREACEMENT SHEET
conprising power supply side termnals provided for a plurality of poles
respectively, load side term nals provided correspond- ingly to said power
supply side termnals for said respective poles, fixed contact carriers
electrically connected to said pomer_sgpply side termnals, novable

contact carriers provided in oppositionZto.said fixed contact carriers,
conductors electrically connected to said novable contact carriers and

said load side termnals, a zero phase current transformer through which
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- sai-d conductors for said plurality of poles are disposed, @EPEQQ§MEN25%EEQ'

detection neans for detecting earth |eakage on the basis of an output of
said zero phase current transformer, and a breaker nechani sm for opening
sai d novabl e contact carriers on the basis of an output of said earth

| eakage detection neans, wherein each of said conductors is fornmed into a
flat bar, and the conductor for at |'edst.one of said plurality of poles
has a bent portion near a portion being disposed through said zero phase
current transforner; and said zero phase current transforner has a
magnetic shield portion provided in a portion thereof opposite to said
bent portion. 2. An earth | eakage breaker conprising power

FI1G. 3
| g M

2b—

FIG. 4
la  12a '27 3

T
-~
NNN
VAN

= \\\

—— e — — D

L

REPLACEMENT SHEET | 8

16 JAN 1997




. : REPACEMENT QHEET
- supply side termnals provided for a plurality of poles respectively, |oad
side termnals provided correspond- ingly to said power supply side
termnals for said - 16 - respective
pol es, fixed contact carriers electrically connected to said power supply
side termnals, novable contact carriers provided in opposition to said
fixed contact carriers, conductors élétﬂlically connected to said novable
contact carriers and said load side termnals, a zero phase current
transforner through which said conductors for sai @plurality of poles are

a

di sposed,
FI1G. 5A

24
ta 12a
F1G. 5B . - _2b
Ao e L,
\
| Sh 12
> [ |
F1G.5C la) | (b)
5160A 6620A
RESULT 4850A 6650A
' 5330A | 6520A
MEAN VALUE 5113A 6563A
(NUMBER OF SAMPLES:3)
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"an éarth | eakage detection neans for detecting earth Ieakagng%%Apgwﬁgg}gHEET
of an output of said zero phase current transforner, a breaker nechani sm

for opening said novable contact carriers on the basis of an output of

said earth | eakage detection neans, and a housing shaped into a

substantially rectangul ar parallel piped so as to store at |east said fixed
contact carriers, said novable contact2cdrriers, said conductors, said

zero phase current transformer, said earth | eakage detection neans and

sai d breaker nmechani sm wherein each of said conductors for said plurality

of poles are disposed near a bottom portion of said housing; said zero

phase current transfornmer is disposed between said breaker nmechanism and

said |l oad side term nals near said boF( ir&oortéonAof




“sai d housing; each of said conductors is fornmed into a flat tﬁEPQQQEMﬁNJ'SHEET
conductor for at |east one of said plurality of poles has a bent portion

near a portion being disposed through said zero phase current trans-

former; said zero phase current transfornmer has an annular core and a
magnetic shield portion provided in a portion of said core opposite to

said bent portion, and -6 - - 17 - is disposed

so that an axial direction of said core is substantially parallel with a
direction fromsaid power supply side termnals toward said | oad side
term nal s;

A{CKNESSW:SE
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REPLACEMENT SHEET

- and said earth | eakage detection means is di sposed between an inner sid

of said housing opposite to said bottom portion and said zero phase
current transforner. 3. An earth | eakage breaker according to Caim
1, wherein said bent portion is U shaped. 4. An earth | eakage
breaker according to Caim?2, wherein Eaid bent portion is U shaped. 5.
An earth | eakage breaker according to i.m 1, wherein said nmagnetic
shield portion is U shaped and installed in said zero phase current
transforner. 6. An earth | eakage breaker according to Caim 2,
wherein said magnetic shield portion is U shaped and installed in said
zero phase current transforner.

FIG. 8
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