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(54) CONTACT MECHANISM AND ELECTROMAGNETIC CONTACTOR USING SAME

(57) There are provided a contact mechanism that
can suppress electromagnetic repulsion opening a mov-
able contactor at the time of the application of a current
without the increase of the size of the entire structure and
is adapted to improve arc-extinguishing performance,
and an electromagnetic contactor using the contact
mechanism. The shape of at least one of an immobile
contactor (2) that includes a pair of immobile contact por-
tions (2a, 2b) and a movable contactor (3) that includes
a pair of movable contact portions (3b, 3c) being capable
of coming into contact with and being separated from the
pair of immobile contact portions (2a, 2b) is set to a shape
that generates a Lorentz force resisting electromagnetic
repulsion in a contactor opening direction generated be-
tween the immobile contact portions and the movable
contact portions when a current is applied. The immobile
contactor and the movable contactor are inserted in a
current path. Magnetic bodies (14a, 14b) suppressing a
force driving arcs, which are generated between the pair
of immobile contact portions and the pair of movable con-
tact portions, to the immobile contactor on the opposite
side are disposed on at least one of the immobile con-

tactor and the movable contactor.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a contact mech-
anism that includes an immobile contactor and a movable
contactor inserted in a current path, and an electromag-
netic contactor using the contact mechanism, and to a
contact mechanism that is adapted to generate a Lorentz
force resisting electromagnetic repulsion separating a
movable contactor, to which a current has been applied,
from an immobile contactor.

BACKGROUND ART

[0002] In the past, the following switch has been pro-
posed as a contact mechanism that opens and closes a
current path. The switch has a structure where an immo-
bile contactor is bent in C shape when seen in side view,
immobile contacts are formed at bent portions, and mov-
able contacts of a movable contactor are provided so as
to be capable of coming into contact with and being sep-
arated from the immobile contacts, as an immobile con-
tactor that is applied to a switch where an arc is generated
at the time of the interruption of a current, such as a circuit
breaker or an electromagnetic contactor. The switch rap-
idly extends an arc by increasing contact opening speed
through the increase of electromagnetic repulsion that
acts on the movable contactor at the time of the interrup-
tion of a large current (for example, see Patent Document
1).
Further, there has been proposed a contactor structure
of an electromagnetic contactor that drives an arc by a
magnetic field that is generated by a current flowing in
the same structure (for example, see Patent Document
2).

CITATION LIST

PATENT DOCUMENT

[0003]

Patent Document 1: JP 2001-210170 A
Patent Document 2: JP 4-123719 A

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0004] Meanwhile, in the related art disclosed in Patent
Document 1, the immobile contactor is formed in a C
shape when seen in side view so that electromagnetic
repulsion to be generated is large. The contact opening
speed of the movable contactor, when a large current is
interrupted due to a short circuit or the like, is increased
by this large electromagnetic repulsion and an arc is rap-
idly extended, so that it is possible to limit an accident

current to a small value.
[0005] However, an electromagnetic contactor, of
which a circuit is formed by the combination of fuses or
circuit breakers, needs to prevent the movable contactor
from being opened by electromagnetic repulsion when a
large current flowing at the time of a short circuit is ap-
plied. Generally, a spring force of a contact spring, which
ensures contact pressure between the movable contac-
tor and the immobile contactor, is increased to apply the
related art disclosed in the above-mentioned Patent Doc-
ument 2 to the electromagnetic contactor.
[0006] If the contact pressure generated by the contact
spring is increased as described above, a thrust gener-
ated by an electromagnet, which drives the movable con-
tactor, also need to be increased. For this reason, the
size of the entire structure is increased. Alternatively,
there is an unsolved problem in that fuses or circuit break-
ers having high current limiting effect and excellent
breaking performance need to be combined.
In order to solve this unsolved problem, it is considered
that the shape of at least one of the immobile contactor
and the movable contactor is set to a shape that increas-
es a Lorentz force resisting electromagnetic repulsion in
a contactor opening direction generated between the im-
mobile contactor and the movable contactor when a cur-
rent is applied.
[0007] In this case, it is possible to suppress the elec-
tromagnetic repulsion in the contact opening direction by
increasing a Lorentz force that resists the electromag-
netic repulsion in the contact opening direction generated
between the immobile contactor and the movable con-
tactor when a current is applied. However, when a current
is interrupted, an arc is generated between the immobile
contactor and the movable contactor and this arc is ex-
tended in a direction orthogonal to a direction between
the immobile contactor and the movable contactor by the
Lorentz force. For this reason, there is a new problem in
that the extinction of an arc is affected.
[0008] Accordingly, the invention has been made in
consideration of the unsolved problem in the related art,
and an object of the invention is to provide a contact
mechanism that can suppress electromagnetic repulsion
opening a movable contactor at the time of the application
of a current without the increase of the size of the entire
structure and is adapted to improve arc-extinguishing
performance, and an electromagnetic contactor using
the contact mechanism.

MEANS FOR SOLVING PROBLEM

[0009] In order to achieve the above-mentioned object,
in a contact mechanism according to an aspect of the
invention, the shape of at least one of a pair of immobile
contactors that includes a pair of immobile contactors
and a movable contactor that can come into contact with
and be separated from the pair of immobile contactors
is set to a shape that generates a Lorentz force resisting
electromagnetic repulsion in a contactor opening direc-
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tion generated between the immobile contactors and the
movable contactor when a current is applied, and the pair
of immobile contactors and the movable contactor are
inserted in a current path. Magnetic bodies suppressing
a force driving arcs, which are generated between the
pair of immobile contactors and contact portions of the
movable contactor, to the immobile contactors on the op-
posite side are disposed on at least one of the pair of
immobile contactors and the movable contactor.
[0010] According to this structure, the shape of at least
one of the immobile contactors and the movable contac-
tor is set to, for example, an L shape or a C shape, that
is, a shape that generates a Lorentz force resisting elec-
tromagnetic repulsion in a contactor opening direction
generated between the immobile contactors and the
movable contactor when a current is applied. According-
ly, it is possible to suppress the opening of the movable
contactor when a large current is applied, and to suppress
a force driving an arc to the immobile contactors on the
opposite side by the magnetic bodies that are disposed
on at least one of the immobile contactors and the mov-
able contactor.
[0011] Further, in a contact mechanism according to
another aspect of the invention, the movable contactor
includes a conductive plate that is supported by a mov-
able portion and includes contact portions at both end
portion thereof on one of the surface and the back thereof,
respectively, the immobile contactors include L-shaped
conductive plate portions that include a pair of immobile
contact portions, first conductive plate portions, and sec-
ond conductive plate portions, the pair of immobile con-
tact portions face the contact portions of the conductive
plate, the first conductive plate portions support the pair
of immobile contact portions and extend toward the out-
side of both ends of the conductive plate in parallel with
the conductive plate, and the second conductive plate
portions extend from outer end portions of the first con-
ductive plate portions while passing by the outside of end
portions of the conductive plate. The magnetic bodies
are disposed so as to cover at least portions of the second
conductive plate portions that face the immobile contacts.
[0012] According to this structure, with respect to the
movable contactor that is formed of the conductive plate,
L-shaped conductive portions are formed at the immobile
contactors by the first conductive plate portion and the
second conductive plate portion, and a large Lorentz
force in a direction, where the movable contactor comes
into contact with the immobile contactors, is generated
against the electromagnetic repulsion in the contact
opening direction generated between the immobile con-
tactors and the movable contactor at the time of the ap-
plication of a current, from the relation between a current
flowing in the first conductive plate portions and the mag-
netic flux formed by the second conductive plate portions
at the time of application of a current. Further, it is possible
to suppress a force, which drives an arc to the immobile
contactors on the opposite side, by the magnetic bodies
disposed on the second conductive plate portions.

[0013] Furthermore, in a contact mechanism accord-
ing to another aspect of the invention, the immobile con-
tactors include third conductive plate portions that extend
inward from end portions of the second conductive plate
portions in parallel with the conductive plate, and are
formed in a C shape. The magnetic bodies are disposed
so as to cover at least inner surfaces of the second con-
ductive plate portions.
According to this structure, currents of which the flow
directions are opposite to each other flow in the first and
third conductive portions. Accordingly, it is possible to
generate electromagnetic repulsion, which makes the
movable contactor come into contact with the immobile
contactors, between the third conductive plate portions
of the immobile contactors and the conductive plate of
the movable contactor. Moreover, it is possible to sup-
press a force driving arcs, which are generated between
the immobile contactors and the movable contactor, to
the immobile contactors on the opposite side by the mag-
netic bodies disposed on the second conductive plate
portions.
[0014] Further, in a contact mechanism according to
another aspect of the invention, the movable contactor
includes a conductive plate portion that is supported by
a movable portion, C-shaped bent portions that are
formed at both ends of the conductive plate portion, and
contact portions that are formed on the surface of the
conductive plate portion facing the C-shaped bent por-
tions; the immobile contactors include L-shaped conduc-
tive plate portions that include a pair of first conductive
plate portions and second conductive plate portions, con-
tact portions, which come into contact with the contact
portions of the movable contactor provided in the C-
shaped bent portions in parallel with the conductive plate
portion, are formed on the pair of first conductive plate
portions, and the second conductive plate portions ex-
tend from inner ends of the pair of first conductive plate
portions while passing by the inside of end portions of
the C-shaped bent portions, respectively; and the mag-
netic bodies are disposed so as to cover at least inner
surfaces of the C-shaped bent portions of the movable
contactor.
[0015] According to this structure, the C-shaped bent
portions are formed at the movable contactor, and elec-
tromagnetic repulsion in a direction where the movable
contactor comes into contact with the immobile contac-
tors is generated between the conductive plate portion
of the movable contactor and the first conductive plate
portions of the immobile contactors by using a current
path on the C-shaped bent portions. Further, it is possible
to suppress a force driving arcs, which are generated
between the immobile contactors and the movable con-
tactor, to the immobile contactors on the opposite side
by the magnetic bodies that are disposed on the C-
shaped bent conductor plate portions.
[0016] Furthermore, an electromagnetic contactor ac-
cording to an aspect of the invention includes the contact
mechanism according to any one of the respective as-
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pects, and the movable contactor is connected to a mov-
able iron core of an operating electromagnet and the im-
mobile contactors are connected to an external connec-
tion terminal.
According to this structure, since a Lorentz force, which
resists electromagnetic repulsion that separates the
movable contactor from the immobile contactors when a
current is applied to the electromagnetic contactor, is
generated, it is possible to reduce a spring force of a
contact spring that makes the movable contactor come
into contact with the immobile contactors. According to
this, it is also possible to reduce a thrust of an electro-
magnet that drives the movable contactor, so that it is
possible to provide a small electromagnetic contactor.
Moreover, it is possible to suppress a force driving arcs,
which are generated between the immobile contactors
and the movable contactor, to the immobile contactors
on the opposite side, by the magnetic bodies.

EFFECT OF THE INVENTION

[0017] According to the invention, it is possible to gen-
erate a Lorentz force that resists electromagnetic repul-
sion in a contact opening direction generated by an im-
mobile contactor and a movable contactor when a large
current is applied to a contact mechanism including the
immobile contactors and the movable contactor inserted
in a current path. For this reason, it is possible to reliably
prevent the movable contactor from being opened at the
time of the application of a large current without using a
mechanical pressing force. Further, it is possible to im-
prove arc-extinguishing performance by disposing mag-
netic bodies, which suppress a force driving arcs that are
generated between the immobile contactors and contact
portions of the movable contactor, to the immobile con-
tactors on the opposite side, on at least one of the im-
mobile contactor and the movable contactor.

BRIEF DESCRIPTION OF DRAWINGS

[0018]

Fig. 1 is a cross-sectional view illustrating a first em-
bodiment when the invention is applied to an elec-
tromagnetic contactor.
Fig. 2 is a view illustrating the first embodiment of a
contact mechanism of the invention, Fig. 2(a) is a
perspective view of the contact mechanism when a
contact is opened, Fig. 2(b) is a perspective view of
the contact mechanism when a contact is closed,
Fig. 2(c) is a cross-sectional view illustrating mag-
netic flux when a contact is closed, Fig. 2(d) is a
cross-sectional view illustrating an arc generating
state of the contact mechanism when a contact is
opened, and Fig. 2(e) is a view illustrating a magnetic
field in a cross-sectional view taken along line A-A
of Fig. 2(d).
Fig. 3 is a view illustrating the contact mechanism

from which magnetic bodies have been removed,
Fig. 3(a) is a cross-sectional view of the contact
mechanism when a contact is closed, Fig. 3(b) is a
cross-sectional view illustrating an arc generating
state of the contact mechanism when a contact is
opened, and Fig. 3(c) is a view illustrating a magnetic
field in a cross-sectional view taken along line B-B
of Fig. 3(b).
Fig. 4 is a view illustrating a second embodiment of
the contact mechanism of the invention, Fig. 4(a) is
a perspective view, Fig. 4(b) is a cross-sectional view
of the contact mechanism when a contact is closed,
and Fig. 4(c) is a cross-sectional view illustrating an
arc generating state of the contact mechanism when
a contact is opened.
Fig. 5 is a cross-sectional view of an electromagnetic
contactor that can be applied to the second embod-
iment.
Fig. 6 is a view illustrating a third embodiment of the
contact mechanism of the invention, Fig. 6(a) is a
perspective view, Fig. 6(b) is a cross-sectional view
of the contact mechanism when a contact is closed,
and Fig. 6(c) is a cross-sectional view illustrating an
arc generating state of the contact mechanism when
a contact is opened.

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0019] Embodiments of the invention will be described
below with reference to the drawings. Fig. 1 is a cross-
sectional view of an electromagnetic contactor to which
a contact mechanism according to the invention is ap-
plied.
In Fig. 1, 1 denotes a body case made of, for example,
a synthetic resin. The body case 1 has a structure that
is divided to two pieces, that is, an upper case 1a and a
lower case 1b. A contact mechanism CM is provided in
the upper case 1a. The contact mechanism CM includes
an immobile contactor 2 that is fixedly disposed in the
upper case 1a and a movable contactor 3 that is provided
so as to be capable of coming into contact with and being
separated from the immobile contactor 2.
[0020] Further, the lower case 1b is provided with an
operating electromagnet 4 that drives the movable con-
tactor 3. The operating electromagnet 4 includes an im-
mobile iron core 5 and a movable iron core 6 that are
disposed so as to face each other. The immobile iron
core 5 is formed of an E-shaped leg type laminated steel
plate, and the movable iron core 6 is formed of an E-
shaped leg type laminated steel plate.
An electromagnetic coil 8 which is wound around a coil
holder 7 and to which a single-phase alternating current
is supplied is fixed to a middle leg portion 5a of the im-
mobile iron core 5. Moreover, a return spring 9, which
urges the movable iron core 6 in the direction where the
movable iron core 6 is separated from the immobile iron
core 5, is provided between the upper surface of the coil
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holder 7 and the base of a middle leg 6a of the movable
iron core 6.
[0021] In addition, shading coils 10 are embedded into
the upper end faces of outer leg portions of the immobile
iron core 5. It is possible to suppress noise, vibration,
and the variation of an electromagnetic attractive force,
which are caused by the change of alternating magnetic
flux of a single-phase AC electromagnet, by the shading
coils 10.
Further, a contactor holder 11 is connected to the upper
end of the movable iron core 6. The movable contactor
3 is held and pressed downward in an insertion hole 11a,
which is formed at the upper end portion of the contactor
holder 11 in a direction perpendicular to an axis, so that
a predetermined contact pressure against the immobile
contactor 2 is obtained by a contact spring 12.
[0022] As enlarged in Fig. 2, a middle portion of the
movable contactor 3 is formed of a slender bar-shaped
conductive plate 3a that is pressed by the contact spring
12, and movable contact portions 3b and 3c are formed
on the lower surfaces of both end portions of the conduc-
tive plate 3a, respectively.
Meanwhile, as enlarged in Fig. 2, the immobile contactor
2 includes L-shaped conductive plate portions 2g and
2h. The conductive plate portions 2g and 2h include first
conductive plate portions 2c and 2d and second conduc-
tive plate portions 2e and 2f, respectively. The first con-
ductive plate portions 2c and 2d support a pair of immo-
bile contact portions 2a and 2b, which face the movable
contact portions 3b and 3c of the movable contactor 3
from below, and extend toward the outside in parallel with
the conductive plate 3a. The second conductive plate
portions 2e and 2f extend upward from the outer end
portions of the first conductive plate portions 2c and 2d,
which are positioned on the outside of the conductive
plate 3a, while passing by the outside of the end portions
of the conductive plate 3a. Further, the upper ends of the
L-shaped conductive plate portions 2g and 2h are con-
nected to external connection terminals 2i and 2j that
extend toward the outside of the upper case 1a and are
fixed to the upper case as illustrated in Fig. 1.
[0023] Furthermore, magnetic plates 14a and 14b are
fixedly disposed on the second conductive plate portions
2e and 2f of the L-shaped conductive plate portions 2g
and 2h. The magnetic plates 14a and 14b include inner
surface plate portions 14c and side plate portions 14d
and 14e, respectively. The inner surface plate portions
14c cover the inner surfaces of the second conductive
plate portions facing gaps between the immobile contact
portions 2a and 2b and the movable contact portions 3b
and 3c when the contact mechanism CM is in a contact
opening state. The side plate portions 14d and 14e ex-
tend toward the outer surfaces of the second conductive
plate portions from both front and rear ends of the inner
surface plate portions 14c while passing by side surfaces
of the second conductive plate portions 2e and 2f.
[0024] Next, the operation of the first embodiment will
be described.

Now, when the electromagnetic coil 8 of the operating
electromagnet 4 is in a non-excited state, an electromag-
netic attractive force is not generated between the im-
mobile iron core 5 and the movable iron core 6, the mov-
able iron core 6 is urged by the return spring 9 in the
direction where the movable iron core 6 is separated up-
ward from the immobile iron core 5, and the upper end
of the movable iron core 6 comes into contact with a
stopper 13, so that the movable iron core 6 is held at a
current interrupting position.
[0025] When the movable iron core 6 is in the current
interrupting position, the movable contactor 3 comes into
contact with the bottom portion of the insertion hole 11 a
of the contactor holder 11 due to the contact spring 12
as illustrated in Fig. 2(a). In this state, the movable con-
tact portions 3b and 3c formed at both end portions of
the conductive plate 3 a of the movable contactor 3 are
separated upward from the immobile contact portions 2a
and 2b of the immobile contactor 2. Accordingly, the con-
tact mechanism CM is in a contact opening state.
[0026] When a single-phase alternating current is sup-
plied to the electromagnetic coil 8 of the operating elec-
tromagnet 4 from the contact opening state of the contact
mechanism CM, an attractive force is generated between
the immobile iron core 5 and the movable iron core 6,
and the movable iron core 6 is attracted downward
against the return spring 9. Accordingly, the movable
contactor 3 supported by the contactor holder 11 is
moved down and the movable contact portions 3b and
3c come into contact with the immobile contact portions
2a and 2b of the immobile contactor 2 with the contact
pressure of the contact spring 12, so that the contact
mechanism is in a contact closing state.
[0027] When the contact mechanism is in a contact
closing state, a large current of about, for example, sev-
eral tens kA to be input from the external connection ter-
minal 2i of the immobile contactor 2 connected to, for
example, a DC power source (not illustrated) is supplied
to the movable contact portion 3b of the movable con-
tactor 3 through the second conductive plate portion 2e,
the first conductive plate portion 2c, and the immobile
contact portion 2a. The large current supplied to the mov-
able contact portion 3b is supplied to the immobile contact
portion 2b through the conductive plate 3a and the mov-
able contact portion 3c. A current path along which the
large current supplied to the immobile contact portion 2b
is supplied to the first conductive plate portion 2d, the
second conductive plate portion 2f, and the external con-
nection terminal 2j and supplied to an external load is
formed.
[0028] At this time, electromagnetic repulsion in the
direction where the movable contact portions 3b and 3c
are opened is generated between the immobile contact
portions 2a and 2b of the immobile contactor 2 and the
movable contact portions 3b and 3c of the movable con-
tactor 3.
[0029] However, since the L-shaped conductive plate
portions 2g and 2h of the immobile contactor 2 include
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the first conductive plate portions 2c and 2d and the sec-
ond conductive plate portions 2e and 2f as illustrated in
Fig. 2, the above-mentioned current path is formed. Ac-
cordingly, a magnetic field illustrated in Fig. 2(c) is gen-
erated by a current flowing in the movable contactor 3.
For this reason, it is possible to make a Lorentz force,
which resists electromagnetic repulsion in a contact
opening direction, which presses the movable contact
portions 3b and 3c against the immobile contact portions
2a and 2b, act on the conductive plate 3a of the movable
contactor 3 according to Fleming’s left-hand rule.
[0030] Accordingly, even though electromagnetic re-
pulsion in the direction where the movable contactor 3 is
opened is generated, it is possible to generate a Lorentz
force that resists the electromagnetic repulsion. There-
fore, it is possible to reliably suppress the opening of the
movable contactor 3. For this reason, it is possible to
reduce the pressing force of the contact spring 12 sup-
porting the movable contactor 3. Accordingly, it is also
possible to reduce a thrust that is generated by the op-
erating electromagnet 4 and to reduce the size of the
entire structure.
[0031] Moreover, in this case, only the L-shaped con-
ductive plate portions 2g and 2h may be formed at the
immobile contactor 2, it is possible to easily machine the
immobile contactor 2, and a separate member, which
generates an electromagnetic force or a mechanical
force resisting electromagnetic repulsion in the contact
opening direction, is not required. Accordingly, it is pos-
sible to suppress the increase of the size of the entire
structure without the increase of the number of parts.
When the excitation of the operating electromagnet 4 is
stopped from the contact closing state of the contact
mechanism CM and a current is. interrupted, the movable
contact portions 3b and 3c of the movable contactor 3
are separated upward from the immobile contact portions
2a and 2b of the L-shaped conductive plate portions 2g
and 2h of the immobile contactor 2 as illustrated in Fig.
2(d). At this time, arcs 15a and 15b are generated be-
tween the immobile contact portions 2a and 2b and the
movable contact portions 3b and 3c. The current direction
of the arc 15a corresponds to the contact opening direc-
tion, and the current direction of the arc 15b corresponds
to a direction opposite to the contact opening direction.
[0032] If the external connection terminal 2i is connect-
ed to a positive (+) electrode terminal and the external
connection terminal 2j is connected to a negative (-) elec-
trode terminal at this time, the L-shaped conductive plate
portion 2g of the immobile contactor 2 has a positive po-
larity and the L-shaped conductive plate portion 2h has
a negative polarity. As a result, the current direction of
the arc 15a, which is generated between the immobile
contact portion 2a of the L-shaped conductive plate por-
tion 2g and the movable contact portion 3b of the movable
contactor 3, corresponds to a direction that is directed to
the movable contact portion 3b from the immobile contact
portion 2a as illustrated in Fig. 2(e). Further, the direction
of a current flowing in the second conductive plate portion

2e adjacent to the arc 15a corresponds to an opposite
direction.
[0033] For this reason, magnetic fields, which are gen-
erated by the arc 15a and the second conductive plate
portion 2e, are generated in the directions where the
magnetic fields repel each other. Accordingly, if the mag-
netic plates 14a and 14b are omitted as illustrated in Fig.
3(a), arc ends of the arc 15a are moved toward the inside,
that is, toward the second conductive plate portion 2f due
to the influence of the electromagnetic repulsion. There-
fore, a space sufficient for the interruption of an arc is not
obtained, so that it is difficult to sufficiently extend an arc
and to interrupt the arc.
[0034] However, in this embodiment, as illustrated in
Fig. 2(e), the magnetic plate 14a is disposed so as to
cover the inner surface of the second conductive plate
portion 2e of the L-shaped conductive plate portion 2g
that faces the gap between the immobile contact portion
2a and the movable contact portion 3b in which the arc
15a is generated. For this reason, since it is possible to
shield a magnetic field, which is generated by the second
conductive plate portion 2e, by the magnetic plate 14a,
it is possible to prevent the magnetic field, which is gen-
erated by the second conductive plate portion 2e, from
affecting the arc 15a.
[0035] Likewise, since the magnetic plate 14b is dis-
posed even on the second conductive plate portion 2f of
the L-shaped conductive plate portion 2h adjacent to the
arc 15b, which is generated between the immobile con-
tact portion 2b and the movable contact portion 3c, so
as to cover the inner surface of the second conductive
plate portion, it is possible to shield a magnetic field,
which is generated by the second conductive plate por-
tion 2e, by the magnetic plate 14a. Accordingly, it is pos-
sible to prevent the magnetic field from affecting the arc
15b. Therefore, since it is possible to reduce the influence
of the magnetic fields generated from the second con-
ductive plate portions 2e and 2f without making the sec-
ond conductive plate portions 2e and 2f of the L-shaped
conductive plate portions 2g and 2h, which are adjacent
to the arcs 15a and 15b, be distant from the arcs 15a and
15b, it is possible to stably extend the arcs 15a and 15b
in an aimed direction and to interrupt the arcs without
increasing the size of a device.
[0036] That is, it is possible to reliably interrupt the arcs
15a and 15b by applying an external magnetic field so
that the arcs 15a and 15b are moved in a direction per-
pendicular to the current direction on the conductive plate
3 a of the movable contactor 3 and by giving an interrup-
tion space sufficient for the interruption of the arcs 15a
and 15b in this direction perpendicular to the current di-
rection.
[0037] Incidentally, if the magnetic plates 14a and 14b
are not provided on the second conductive plate portions
2e and 2f of the L-shaped conductive plate portions 2g
and 2h of the immobile contactor 2 as illustrated in Figs.
3(a) and 3(b), it is possible to generate a Lorentz force
suppressing the electromagnetic repulsion in the contact
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opening direction as in the above-mentioned first embod-
iment when the contact mechanism CM is in a contact
closing state as illustrated in Fig. 3(a). However, when
the arcs 15a and 15b are generated as illustrated in Fig.
3(b) at the time of the interruption of a current, a magnetic
field having clockwise magnetic flux Bb is formed around
the L-shaped conductive plate portion 3g and the arc 15a
by a current flowing in the second conductive plate por-
tion 2e of the L-shaped conductive plate portion 2g as
illustrated in Fig. 3(c). Meanwhile, since the current di-
rection corresponds to an opposite direction in the arc
15a, a magnetic field having counterclockwise magnetic
flux Ba is formed around the arc 15a.
[0038] For this reason, the magnetic field formed by
the current flowing in the second conductive plate portion
2e and the magnetic field formed by the current flowing
in the arc 15a repel each other, and a force F, which
moves the arc ends to the right side in Fig. 3(c), that is,
toward the opposite L-shaped conductive plate portion
2h, is generated by this electromagnetic repulsion. In this
electromagnetic contactor, an external magnetic field is
applied so that the arcs are driven in the driving direction
of the movable contactor and in the direction perpendic-
ular to the current direction of the conductive plate of the
movable contactor. Accordingly, a space sufficient for
the interruption of an arc is not obtained in the direction
perpendicular to the current direction, so that it is difficult
to sufficiently extend an arc and to interrupt the arc.
[0039] In particular, when a large current is supplied,
the electromagnetic repulsion applied to the arc is in-
creased, so that this tendency becomes significant.
When the distances between the second conductive
plate portions 2e and 2f of the L-shaped conductive plate
portions 2g and 2h of the immobile contactor 2 and the
positions where the arcs are generated are increased,
the influences on the arcs are reduced. However, the
immobile contactor is formed in a large size on the outside
of the movable contactor, so that the size of the device
is increased.
[0040] Next, a second embodiment of the invention will
be described with reference to Fig. 4. In the second em-
bodiment, a Lorentz force, which resists electromagnetic
repulsion in a contact opening direction generated by an
immobile contactor and a movable contactor, is gener-
ated on the back side of the movable contactor.
That is, the second embodiment has the same structure
as the structure of the above-mentioned first embodiment
except that third conductive plate portions 2m and 2n
parallel to the conductive plate 3a are formed by bending
the second conductive plate portions 2e and 2f of the L-
shaped conductive plate portions 2g and 2h of the im-
mobile contactor 2 to cover the upper end sides of the
end portions of the conductive plate 3a of the movable
contactor 3 in the structure of Fig. 2 of the above-men-
tioned first embodiment so that C-shaped conductive por-
tions 2o and 2p are formed as illustrated in Fig. 4.
[0041] According to the second embodiment, when the
electromagnetic coil 8 of the operating electromagnet 4

is in a non-excited state, an attractive force does not act
between the immobile iron core 5 and the movable iron
core 6. Accordingly, the movable iron core 6 and the con-
tactor holder 11 are urged upward by the spring force of
the return spring 9 as in the above-mentioned first em-
bodiment, so that the contact mechanism CM is in a con-
tact opening state as illustrated in Fig. 4(a).
When the electromagnetic coil 8 of the operating elec-
tromagnet 4 is excited from the contact opening state of
the contact mechanism CM, an attractive force is gener-
ated by the immobile iron core 5 and the movable iron
core 6 is attracted downward against the return spring 9.
Accordingly, the contactor holder 11 is moved down and
the movable contact portions 3b and 3c of the movable
contactor 3 come into contact with the immobile contact
portions 2a and 2b of the immobile contactor 2 with the
contact pressure of the contact spring 12, so that the
contact mechanism CM is in a contact closing state as
illustrated in Fig. 4(b).
[0042] When the contact mechanism CM is in a contact
closing state in this way, a large current of about, for
example, several tens kA to be input from the external
connection terminal 2i of the immobile contactor 2 con-
nected to, for example, a DC power source (not illustrat-
ed) is supplied to the movable contact portion 3b of the
movable contactor 3 through the third conductive plate
portion 2m, the second conductive plate portion 2e, the
first conductive plate portion 2c, and the immobile contact
portion 2a.
The large current supplied to the movable contact portion
3b is supplied to the immobile contact portion 2b through
the conductive plate 3a and the movable contact portion
3c. The large current supplied to the immobile contact
portion 2b is supplied to the first conductive plate portion
2d, the second conductive plate portion 2f, the third con-
ductive plate portion 2n, and the external connection ter-
minal 2j, so that a current path along which a current is
supplied to an external load is formed.
[0043] At this time, electromagnetic repulsion in the
direction where the movable contact portions 3b and 3c
are opened is generated between the immobile contact
portions 2a and 2b of the immobile contactor 2 and the
movable contact portions 3b and 3c of the movable con-
tactor 3.
However, since the C-shaped conductive plate portions
2o and 2p of the immobile contactor 2 include the first
conductive plate portions 2c and 2d, the second conduc-
tive plate portions 2e and 2f, and the third conductive
plate portions 2m and 2n, currents of which the flow di-
rections are opposite to each other flow in the third con-
ductive plate portions 2m and 2n of the immobile contac-
tor 2 and the conductive plate 3 a of the movable con-
tactor 3 facing the third conductive plate portions 2m and
2n as illustrated in Fig. 4(b). For this reason, it is possible
to generate electromagnetic repulsion in spaces Aa and
Ab between the third conductive plate portions 2m and
2n of the immobile contactor 2 and the conductive plate
3a of the movable contactor 3.
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[0044] It is possible to generate a Lorentz force that
presses the conductive plate 3a of the movable contactor
3 against the immobile contact portions 2a and 2b of the
immobile contactor 2 by this electromagnetic repulsion.
It is possible to resist electromagnetic repulsion in the
contact opening direction that is generated between the
immobile contact portions 2a and 2b of the immobile con-
tactor 2 and the movable contact portions 3b and 3c of
the movable contactor 3 by this Lorentz force, so that it
is possible to prevent the movable contact portions 3b
and 3c of the movable contactor 3 from being opened.
[0045] When the excitation of the operating electro-
magnet 4 is stopped from the contact closing state of the
contact mechanism CM and a current is interrupted, the
movable contact portions 3b and 3c of the movable con-
tactor 3 are separated upward from the immobile contact
portions 2a and 2b of the L-shaped conductive plate por-
tions 2g and 2h of the immobile contactor 2 as illustrated
in Fig. 4(c). At this time, arcs 15a and 15b are generated
between the immobile contact portions 2a and 2b and
the movable contact portions 3b and 3c. The current di-
rection of the arc 15a corresponds to the contact opening
direction, and the current direction of the arc 15b corre-
sponds to a direction opposite to the contact opening
direction.
[0046] For this reason, as in the above-mentioned first
embodiment, the direction of a current, which flows in the
arc 15a generated between the immobile contact portion
2a of the immobile contactor 2 and the movable contact
portion 3b of the movable contactor 3, is opposite to the
direction of a current that flows in the second conductive
plate portion 2e of the adjacent immobile contactor 2.
For this reason, a magnetic field generated by the arc
15a and a magnetic field generated by the second con-
ductive plate portion 2e are generated in the directions
where the magnetic fields repel each other. Accordingly,
when the magnetic plate 14a is disposed so as to cover
the inner surface of the second conductive plate portion
2e of the immobile contactor 2 for the reduction of the
repulsion, a magnetic field generated by the second con-
ductive plate portion 2e is shielded. Therefore, it is pos-
sible to prevent the magnetic field from affecting the arc
15a. Further, likewise, it is possible to prevent the mag-
netic field from affecting the arc 15b by shielding a mag-
netic field, which is generated from the second conduc-
tive plate portion 2f of the immobile contactor 2 adjacent
to the arc 15b generated between the immobile contact
portion 2b and the movable contact portion 3c, by the
magnetic plate 14b.
[0047] Even in the second embodiment, it is possible
to generate a Lorentz force that resists electromagnetic
repulsion in the contact opening direction generated be-
tween the immobile contactor 2 and the movable contac-
tor 3 by a simple structure where the C-shaped conduc-
tive plate portions 2o and 2p are formed at the immobile
contactor 2, and to reduce the influence of the magnetic
fields generated from the conductor plate portions with-
out making the conductor plate portions, which are ad-

jacent to the arcs 15a and 15b, be distant from the arcs.
Accordingly, it is possible to obtain the same effect as
the effect of the above-mentioned first embodiment.
[0048] Meanwhile, a case where the magnetic plates
14a and 14b include the inner surface plate portions 14c
covering the inner surfaces of the conductive plate por-
tions and the side plate portions 14d and 14e extending
toward the outside from both the front and rear ends of
the inner surface plate portions 14c has been described
in the first and second embodiments. However, the in-
vention is not limited thereto and the magnetic plates 14a
and 14b may be formed so as to cover the entire circum-
ference of the conductive plate portions.
Further, a case where a new contact mechanism CM is
applied to the electromagnetic contactor 1 of the above-
mentioned first embodiment has been described in the
second embodiment, but the invention is not limited
thereto.
[0049] That is, a contact mechanism CM including the
C-shaped conductive plate portions 2o and 2p may be
applied to an electromagnetic contactor 20 illustrated in
Fig. 5. In Fig. 5, the electromagnetic contactor 20 includes
a tub-like contact receiving case 21 that receives the con-
tact mechanism CM. The contact receiving case 21 in-
cludes an immobile contact supporting-insulating sub-
strate 22 that forms a top plate supporting the immobile
contactor 2, a metal rectangular tube body 23 that is
brazed to the lower surface of the immobile contact sup-
porting-insulating substrate 22 and has conductivity, and
an insulating rectangular tube body 24 that is provided
on the inner peripheral surface of the metal rectangular
tube body 23 and has the shape of a bottomed rectan-
gular tube. The contact receiving case 21 is formed in
the shape of a tub of which the lower surface is opened.
[0050] Further, as illustrated in Fig. 5, in the immobile
contactor 2, insertion holes 25 are formed at the third
conductive plate portions 2m and 2n of the C-shaped
conductive plate portions 2o and 2p and pins 27 formed
at conductive supporting portions 26 are inserted into the
insertion holes 25 and integrally fixed to the insertion
holes 25 by brazing, for example. Meanwhile, through
holes 22a and 22b into which the conductive supporting
portions 26 of the immobile contactor 2 are inserted are
formed in the immobile contact supporting-insulating
substrate 22 at a predetermined interval in the longitudi-
nal direction (the horizontal direction in Fig. 5), the con-
ductive supporting portions 26 of the immobile contactor
2 are inserted into these through holes 22a and 22b from
above, and the pins 27 are fitted and brazed to the inser-
tion holes 25 of the C-shaped conductive portions 2o and
2p. Accordingly, the immobile contactors 2o and 2p are
supported by the immobile contact supporting-insulating
substrate 22.
[0051] Further, insulating covers 30 are fitted to small-
diameter portions 26a of the conductive supporting por-
tions 26 and mounted on the C-shaped conductive plate
portions 2o and 2p of the immobile contactor 3 so as to
cover the inner peripheral surfaces and both side surfac-
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es of the second conductive plate portions 2e and 2f and
the third conductive plate portions 2m and 2n.
Meanwhile, as illustrated in Fig. 5, the operating electro-
magnet 4 includes a U-shaped magnetic yoke 31 and an
upper magnetic yoke 32. The U-shaped magnetic yoke
31 is flat in side view. The upper magnetic yoke 32 is
fixed between upper end portions, which are open ends
of the magnetic yoke 31, and has the shape of a flat plate.
[0052] A cylindrical auxiliary yoke 33 of which the
height is relatively low is formed on the middle portion of
a bottom plate portion 31a of the magnetic yoke 31. A
spool 34 is disposed on the peripheral surface of the.cy-
lindrical auxiliary yoke 33.
The spool 34 includes a central cylindrical portion 35 into
which the cylindrical auxiliary yoke 33 is inserted; a lower
flange portion 36 that protrudes outward from the lower
end portion of the central cylindrical portion 35 in a radial
direction; and an upper flange portion 37 that protrudes
outward from a portion of the central cylindrical portion
35 slightly below the upper end of the central cylindrical
portion 35 in the radial direction. Moreover, an electro-
magnetic coil 38 is wound in a receiving space that is
formed by the central cylindrical portion 35, the lower
flange portion 36, and the upper flange portion 37.
[0053] Further, a through hole 32a, which faces the
central cylindrical portion 35 of the spool 34, is formed
at the central portion of the upper magnetic yoke 32.
Furthermore, a cap 41, which is formed in the shape of
a bottomed tube and made of a nonmagnetic material,
is disposed on the inner peripheries of the cylindrical aux-
iliary yoke 33 and the central cylindrical portion 35 of the
spool 34. A flange portion 41a, which is formed at the
open end of the cap 41 so as to extend outward in the
radial direction, is sealed and joined to the lower surface
of the upper magnetic yoke 32. Accordingly, a sealed
container where the contact receiving case 21 and the
cap 41 communicate with each other through the through
hole 32a of the upper magnetic yoke 32 is formed. More-
over, the sealed container, which includes the contact
receiving case 21 and the cap 41, is filled with gas, such
as hydrogen gas, nitrogen gas, mixed gas of hydrogen
and nitrogen, air, or SF6.
[0054] Further, a movable plunger 43, which is provid-
ed with a return spring 42 between the bottom plate por-
tion of the cap 41 and itself, is provided in the cap 41 so
as to be slidable up and down. A peripheral flange portion
43a, which protrudes outward in the radial direction, is
formed at the upper end portion of the movable plunger
43 that protrudes upward from the upper magnetic yoke
32.
Furthermore, a permanent magnet 44, which is formed
in an annular shape, is fixed to the upper surface of the
upper magnetic yoke 32 so as to surround the peripheral
flange portion 43a of the movable plunger 43. The per-
manent magnet 44 is magnetized in the vertical direction,
that is, the thickness direction so that, for example, an
upper end portion of the permanent magnet corresponds
to an N pole and a lower end portion corresponds to an

S pole.
[0055] Moreover, an auxiliary yoke 45, which has the
same shape as the shape of the permanent magnet 44
and includes a central opening of which the inner diam-
eter is smaller than the outer diameter of the peripheral
flange portion 43a of the movable plunger 43, is fixed to
the upper end face of the permanent magnet 44. The
peripheral flange portion 43a of the movable plunger 43
comes into contact with the lower surface of the auxiliary
yoke 45.
Further, since the permanent magnet 44 is formed in an
annular shape, the number of parts is reduced as com-
pared to a case where a permanent magnet is divided
into two pieces and the two pieces are disposed on the
left and right sides as disclosed in, for example, JP
2-91901 A. Accordingly, cost is reduced. Furthermore,
since the peripheral flange portion 43a of the movable
plunger 43 is disposed near the inner peripheral surface
of the permanent magnet 44, magnetic flux is not wasted
in a closed circuit passing through the magnetic flux gen-
erated by the permanent magnet 44. Accordingly, leak-
age flux is reduced, so that it is possible to efficiently use
the magnetic force of the permanent magnet.
[0056] Meanwhile, the shape of the permanent magnet
44 is not limited to the above-mentioned shape, and may
be a quadrangular shape or the shape of a quadrangular
tube. In short, as long as the shape of the inner surface
of the permanent magnet corresponds to the shape of
the peripheral flange portion 43a of the movable plunger
43, the shape of the permanent magnet may be an arbi-
trary shape.
Further, a connecting shaft 46, which supports the mov-
able contactor 3 protruding upward through a through
hole 24a formed in the bottom portion of the insulating
rectangular tube body 24, is fixed to the upper end face
of the movable plunger 43.
[0057] According to the structure of Fig. 5, in a release
state, the movable plunger 43 is urged upward by the
return spring 42 and is at a release position where the
upper surface of the peripheral flange portion 43 a comes
into contact with the lower surface of the auxiliary yoke
45. In this state, the contact portions 3b and 3c of the
movable contactor 3 are separated upward from the im-
mobile contact portions 2a and 2b of the immobile con-
tactor 2, so that a current is interrupted.
The peripheral flange portion 43a of the movable plunger
43 is attracted to the auxiliary yoke 45 by the magnetic
force of the permanent magnet 44 in this release state.
Accordingly, in cooperation with the urging force of the
return spring 42 and the magnetic force, the movable
plunger 43 is not inadvertently moved down by vibration,
impact, and the like that are applied from the outside. As
a result, a state where the movable plunger 43 comes
into contact with the auxiliary yoke 45 is secured.
[0058] Further, in the release state, magnetic flux,
which is generated by the electromagnetic coil 38 when
the electromagnetic coil 38 is excited, passes through
the peripheral flange portion 43 a from the movable
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plunger 43 and reaches the upper magnetic yoke 32
through a gap between the peripheral flange portion 43a
and the upper magnetic yoke 32. A closed magnetic cir-
cuit, which reaches the movable plunger 43 from the up-
per magnetic yoke 32 through the U-shaped magnetic
yoke 31 and the cylindrical auxiliary yoke 33, is formed.
[0059] For this reason, it is possible to increase mag-
netic flux density in the gap between the lower surface
of the peripheral flange portion 43a of the movable plung-
er 43 and the upper surface of the upper magnetic yoke
32. Accordingly, a larger attractive force is generated, so
that the movable plunger 43 is moved down against the
urging force of the return spring 42 and the attractive
force of the permanent magnet 44. Therefore, the contact
portion 3a of the movable contactor 3, which is connected
to the movable plunger 43 by the connecting shaft 46,
comes into contact with the pair of immobile contact por-
tions 2a and 2b of the immobile contactor 2, so that a
current path directed to the immobile contact portion 2b
of the immobile contactor 2 from the immobile contact
portion 2a of the immobile contactor 2 through the mov-
able contactor 3 is formed and a current is input.
[0060] When a current is input, the lower end face of
the movable plunger 43 approaches the bottom plate por-
tion 31a of the U-shaped magnetic yoke 31. Accordingly,
a closed magnetic circuit where magnetic flux generated
by the electromagnetic coil 38 directly penetrates the up-
per magnetic yoke 32 from the movable plunger 43
through the peripheral flange portion 43a, passes
through the U-shaped magnetic yoke 31 from the upper
magnetic yoke 32, and directly returns to the movable
plunger 43 from the bottom plate portion 31a is formed.
[0061] For this reason, a large attractive force acts in
the gap between the peripheral flange portion 43a of the
movable plunger 43 and the upper magnetic yoke 32 and
the gap between the bottom of the movable plunger 43
and the bottom plate portion 31 a of the magnetic yoke
31, so that the movable plunger 43 is held at a lower
position. Accordingly, a state where the contact portions
3b and 3c of the movable contactor 3 connected to the
movable plunger 43 by the connecting shaft 46 come into
contact with the immobile contact portions 2a and 2b of
the immobile contactor 2 is continued.
[0062] The C-shaped conductive plate portions 2o and
2p of the immobile contactor 2 include the first conductive
plate portions 2c and 2d, the second conductive plate
portions 2e and 2f, and the third conductive plate portions
2m and 2n. Accordingly, in the state where a current is
input, currents of which the flow directions are opposite
to each other flow in the third conductive plate portions
2m and 2n of the immobile contactor 2 and the conductive
plate 3 a of the movable contactor 3 facing the third con-
ductive plate portions 2m and 2n as illustrated in the
above-mentioned Fig. 4(b). For this reason, it is possible
to generate electromagnetic repulsion in the spaces Aa
and Ab between the third conductive plate portions 2m
and 2n of the immobile contactor 2 and the conductive
plate 3 a of the movable contactor 3.

[0063] It is possible to generate a Lorentz force that
presses the conductive plate 3a of the movable contactor
3 against the immobile contact portions 2a and 2b of the
immobile contactor 2 by this electromagnetic repulsion.
It is possible to resist electromagnetic repulsion in the
contact opening direction that is generated between the
immobile contact portions 2a and 2b of the immobile con-
tactor 2 and the movable contact portions 3b and 3c of
the movable contactor 3 by this Lorentz force, so that it
is possible to prevent the movable contact portions 3b
and 3c of the movable contactor 3 from being opened.
[0064] When the excitation of the electromagnetic coil
38 is stopped from the contact closing state of the contact
mechanism CM and a current is interrupted, the movable
contact portions 3b and 3c of the movable contactor 3
are separated upward from the immobile contact portions
2a and 2b of the L-shaped conductive plate portions 2g
and 2h of the immobile contactor 2 as illustrated in the
above-mentioned Fig. 4(c). At this time, arcs 15a and
15b are generated between the immobile contact por-
tions 2a and 2b and the movable contact portions 3b and
3c. The current direction of the arc 15a corresponds to
the contact opening direction, and the current direction
of the arc 15b corresponds to a direction opposite to the
contact opening direction.
[0065] For this reason, as in the above-mentioned first
embodiment, the direction of a current, which flows in the
arc 15a generated between the immobile contact portion
2a of the immobile contactor 2 and the movable contact
portion 3b of the movable contactor 3, is opposite to the
direction of a current that flows in the second conductive
plate portion 2e of the adjacent immobile contactor 2.
For this reason, a magnetic field generated by the arc
15a and a magnetic field generated by the second con-
ductive plate portion 2e are generated in the directions
where the magnetic fields repel each other. Accordingly,
when the magnetic plate 14a is disposed so as to cover
the inner surface of the second conductive plate portion
2e of the immobile contactor 2 for the reduction of the
repulsion, a magnetic field generated by the second con-
ductive plate portion 2e is shielded. Therefore, it is pos-
sible to prevent the magnetic field from affecting the arc
15a. Further, likewise, it is possible to shield a magnetic
field, which is generated from the second conductive
plate portion 2f of the immobile contactor 2 adjacent to
the arc 15b generated between the immobile contact por-
tion 2b and the movable contact portion 3c, by the mag-
netic plate 14b. Accordingly, it is possible to prevent the
magnetic field from affecting the arc 15b.
[0066] In addition, since the insulating covers 30 are
provided on the inner peripheral surfaces of the C-
shaped conductive plate portions 2o and 2p of the im-
mobile contactor 2 in the structure of Fig. 5, it is possible
to ensure insulation distances between both end portions
of the movable contactor 3 and the third conductive plate
portions 2m and 2n of the C-shaped conductive plate
portions 2o and 2p by the insulating covers 121 and to
reduce the height of the movable contactor 3 in the mov-
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able direction at the C-shaped conductive plate portions
2o and 2p. Accordingly, it is possible to reduce the size
of the contact mechanism CM.
[0067] Moreover, the operating electromagnet 4 in-
cludes the magnetic yoke 31 and the upper magnetic
yoke 32, the spool 34 around which the electromagnetic
coil 38 is wound, the movable plunger 43, the permanent
magnet 44 that covers the peripheral flange portion 43a
of the movable plunger 43 that protrudes from the upper
magnetic yoke 32, and the auxiliary yoke 45. Accordingly,
it is possible to reduce the height of the movable plunger
43 in the movable direction as the structure of a polarized
electromagnet, so that it is possible to reduce the size of
the operating electromagnet 4.
[0068] Meanwhile, a case where the contact receiving
case 21 includes the immobile contact supporting-insu-
lating substrate 22, the metal rectangular tube body 23,
and the insulating rectangular tube body 24 has been
described in the structure of Fig. 5. However, the contact
receiving case 21 is not limited thereto, and may be
formed by forming a tub-like body, of which the lower
surface is opened, with an insulating material such as
ceramics and fixing a metal rectangular tube body to the
open end face of the tub-like body by brazing or the like.
[0069] Next, a third embodiment of the invention will
be described with reference to Fig. 6. In the third embod-
iment, C-shaped bent portions are formed at a movable
contactor in contrast to the above-mentioned second em-
bodiment.
That is, in the third embodiment, as illustrated in Figs. 6
(a) to 6(c), C-shaped bent portions 3h and 3i, which are
bent above a conductive plate 3a, include first conductive
plate portions 3d and 3e that extend upward from both
end portions of a conductive plate 3 a of a movable con-
tactor 3, and second conductive plate portions 3f and 3g
that extend inward from the upper ends of the first con-
ductive plate portions 3d and 3e. Movable contact por-
tions 3j and 3k are formed on the lower surfaces of the
front end portions of the second conductive plate portions
3f and 3g of these C-shaped bent portions 3h and 3i.
[0070] Further, L-shaped conductive plate portions 2u
and 2v of an immobile contactor 2 include fourth conduc-
tive plate portions 2q and 2r and fifth conductive plate
portions 2s and 2t. The fourth conductive plate portions
2q and 2r face gaps between the conductive plate 3 a
and the second conductive plate portions 3f and 3g of
the C-shaped bent portions 3h and 3i of the movable
contactor 3 when the contact mechanism CM is in a con-
tact opening state. The fourth conductive plate portions
2q and 2r extend inward. The fifth conductive plate por-
tions 2s and 2t extend upward from the inner ends of
these fourth conductive plate portions 2q and 2r while
passing by the inside of inner end portions of the C-
shaped bent portions 3h and 3i of the movable contactor
3. Furthermore, immobile contact portions 2w and 2x are
formed on the fourth conductive plate portions 2q and 2r
at the positions that face the movable contact portions 3j
and 3k of the movable contactor 3.

[0071] Moreover, magnetic plates 14a and 14b are fix-
edly disposed so as to cover the inner surfaces of the
first conductive plate portions 3d and 3e of the movable
contactor 3. The respective magnetic plates 14a and 14b
are disposed at the positions, which face gaps between
the immobile contact portions 2w and 2x and the movable
contact portions 3j and 3k above the first conductive plate
portions 3d and 3e in the contact closing state, so as to
cover the peripheries of the first conductive plate portions
3d and 3e.
[0072] According to the third embodiment, when the
electromagnetic coil 8 of the operating electromagnet 4
is in a non-excited state, the movable iron core 6 is moved
up by the return spring 9 and is at a position where the
contactor holder 11 comes into contact with the stopper
13. At this time, the conductive plate 3a of the movable
contactor 3 of the contact mechanism CM comes into
contact with the bottom portion of the insertion hole 11 a
due to the contact spring 12 as illustrated in Fig. 6(c).
Further, the fourth conductive plate portions 2q and 2r of
the immobile contactor 2 are positioned between the con-
ductive plate 3a and the second conductive plate portions
3f and 3g of the C-shaped bent portions 3h and 3i and
the immobile contact portions 2w and 2x are separated
downward from the movable contact portions 3j and 3k,
so that the contact mechanism is in a contact closing
state.
[0073] When the electromagnetic coil 8 of the operat-
ing electromagnet 4 is excited from the contact opening
state of the contact mechanism CM, the movable iron
core 6 is attracted against the return spring 9 by the im-
mobile iron core 5, and thus the contactor holder 11 is
moved down. For this reason, the contact mechanism
CM is in a contact closing state where the movable con-
tact portions 3j and 3k of the movable contactor 3 come
into contact with the immobile contact portions 2w and
2x of the immobile contactor 2 as illustrated in Fig. 6(b).
[0074] When the contact mechanism CM is in a contact
closing state in this way, a large current of about, for
example, several tens kA to be input from the external
connection terminal 2i of the immobile contactor 2 con-
nected to, for example, a DC power source (not illustrat-
ed) is supplied to the movable contact portion 3j of the
movable contactor 3 through the fifth conductive plate
portion 2s, the fourth conductive plate portion 2q, and
the immobile contact portion 2w. The large current sup-
plied to the movable contact portion 3j is supplied to the
immobile contact portion 2x through the second conduc-
tive plate portion 3f, the first conductive plate portion 3d,
the conductive plate 3a, the first conductive plate portion
3e, the second conductive plate portion 3g, and the mov-
able contact portion 3k. A current path along which the
large current supplied to the immobile contact portion 2x
is supplied to an external load through the fourth conduc-
tive plate portion 2r, the fifth conductive plate portion 2t,
and the external connection terminal 2j is formed.
[0075] At this time, electromagnetic repulsion in the
direction where the movable contact portions 3j and 3k
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are opened is generated between the immobile contact
portions 2w and 2x of the immobile contactor 2 and the
movable contact portions 3j and 3k of the movable con-
tactor 3.
However, since the C-shaped bent portions 3h and 3i of
the movable contactor 3 include the conductive plate 3a,
the first conductive plate portions 3d and 3e, and the
second conductive plate portions 3f and 3g as illustrated
in Fig. 5, currents of which the flow directions are opposite
to each other flow in the conductive plate 3a of the mov-
able contactor 3 and the fourth conductive plate portions
2q and 2r of the immobile contactor 2.
[0076] For this reason, as illustrated in Fig. 6(b), it is
possible to generate a Lorentz force, which presses the
movable contact portions 3j and 3k of the movable con-
tactor 3 against the immobile contact portions 2w and 2x
of the immobile contactor 2, by making electromagnetic
repulsion act in spaces Ac and Ad between the conduc-
tive plate 3 a of the movable contactor 3 and the fourth
conductive plate portions 2q and 2r of the immobile con-
tactor 2. It is possible to resist electromagnetic repulsion
in the contact opening direction that is generated be-
tween the immobile contact portions 2w and 2x of the
immobile contactor 2 and the movable contact portions
3j and 3k of the movable contactor 3 by this Lorentz force,
so that it is possible to prevent the movable contact por-
tions 3j and 3k of the movable contactor 3 from being
opened when a large current is applied.
[0077] Moreover, since the L-shaped conductive plate
portions 2u and 2v are formed at the immobile contactor
2 in the third embodiment, magnetic flux-intensification
portions are formed above the second conductive plate
portions 3f and 3g of the movable contactor 3 by the fifth
conductive plate portions 2s and 2t of the L-shaped con-
ductive plate portions 2u and 2v. Accordingly, it is also
possible to generate the same Lorentz force as the
Lorentz force of the above-mentioned first embodiment,
so that it is possible to more reliably prevent the movable
contactor 3 from being opened.
[0078] When the excitation of the operating electro-
magnet 4 is stopped from the contact closing state of the
contact mechanism CM and a current is interrupted, the
movable contact portions 3j and 3k of the movable con-
tactor 3 are separated upward from the immobile contact
portions 2w and 2x of the L-shaped conductive plate por-
tions 2u and 2v of the immobile contactor 2 as illustrated
in Fig. 6(c). At this time, arcs 15a and 15b are generated
between the immobile contact portions 2w and 2x and
the movable contact portions 3j and 3k. The current di-
rection of the arc 15a corresponds to the contact opening
direction, and the current direction of the arc 15b corre-
sponds to a direction opposite to the contact opening
direction.
[0079] If the external connection terminal 2i is connect-
ed to a positive (+) electrode terminal and the external
connection terminal 2j is connected to a negative (-) elec-
trode terminal at this time, the L-shaped conductive plate
portion 2u of the immobile contactor 2 has a positive po-

larity and the L-shaped conductive plate portion 2v has
a negative polarity. As a result, the current direction of
the arc 15a, which is generated between the immobile
contact portion 2w of the L-shaped conductive plate por-
tion 2u and the movable contact portion 3j of the movable
contactor 3, corresponds to a direction that is directed to
the movable contact portion 3j from the immobile contact
portion 2w as illustrated in Fig. 6(c). Further, the direction
of a current flowing in the first conductive plate portion
3d of movable contactor 3 adjacent to the arc 15a corre-
sponds to an opposite direction.
[0080] For this reason, magnetic fields, which are gen-
erated by the arc 15a and the first conductive plate portion
3d, are generated in the directions where the magnetic
fields repel each other. Accordingly, the magnetic plate
14a is disposed so as to cover the periphery of the first
conductive plate portion 3d of the movable contactor 3
for the reduction of the repulsion. Therefore, a magnetic
field generated by the first conductive plate portion 3d is
reliably shielded, so that it is possible to prevent the mag-
netic field of the first conductive plate portion 3d from
affecting the arc 15a.
Likewise, the magnetic plate 14b, which covers the pe-
riphery of the first conductive plate portion 3e, is disposed
so as to reduce the influence of the magnetic field, which
is generated from the first conductive plate portion 3e of
the movable contactor 3 adjacent to the arc 15b gener-
ated between the immobile contact portion 2x of the im-
mobile contactor 2 and the movable contact portion 3k,
on the arc 15b. Accordingly, the magnetic field generated
by the first conductive plate portion 3e is reliably shielded,
so that the magnetic field generated by the first conduc-
tive plate portion 3e does not affect the arc 15b.
[0081] Therefore, even in the third embodiment, it is
possible to reduce the influence of the magnetic fields
generated from the conductor plate portions without mak-
ing the conductor plate portions, which are adjacent to
the arcs, be distant from the arcs as in the above-men-
tioned first and second embodiments. For this reason, it
is possible to stably extend the arcs in an aimed direction
and to interrupt the arcs without increasing the size of
the device. Even in the third embodiment, it is possible
to generate a Lorentz force that resists electromagnetic
repulsion in the contact opening direction generated be-
tween the immobile contactor 2 and the movable contac-
tor 3, and to suppress the influence of the magnetic fields,
which are generated from the conductive plate portions
without making the conductor plate portions adjacent to
the arcs be distant from the arcs, on the arcs. Accordingly,
it is possible to obtain the same effect as the effect of the
above-mentioned first and second embodiments.
[0082] Meanwhile, a case where the magnetic plates
14a and 14b are disposed at the positions, which face
gaps between the immobile contact portions 2w and 2x
and the movable contact portions 3j and 3k above the
first conductive plate portions 3d and 3e in the contact
closing state, so as to cover the peripheries of the first
conductive plate portions 3d and 3e has been described
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in the third embodiment. However, as in the above-men-
tioned first and second embodiments, the magnetic
plates 14a and 14b may be disposed so as to cover the
inner surfaces, the front surfaces, and the rear surfaces
of the first conductive plate portions 3d and 3e.
[0083] In the third embodiment, the second conductive
plate portions 2s and 2t of the L-shaped conductive plate
portions 2u and 2v of the immobile contactor 2 are more
distant from the arcs 15a and 15b than the first conductive
plate portions 3d and 3e of the movable contactor 3. How-
ever, since the second conductive plate portions 2s and
2t approach the arcs 15a and 15b, the magnetic plates
14a and 14b may be fixedly disposed on the second con-
ductive plate portions 2s and 2t.
Further, cases where the contact mechanism CM of the
invention is applied to an electromagnetic contactor have
been described in the above-mentioned embodiments.
However, the invention is not limited thereto, and the con-
tact mechanism CM of the invention may be applied to
an arbitrary device such as a switch.

INDUSTRIAL APPLICABILITY

[0084] According to the invention, it is possible to pro-
vide a contact mechanism that can suppress electromag-
netic repulsion opening a movable contactor at the time
of the application of a current without the increase of the
size of the entire structure and is adapted to improve arc-
extinguishing performance, and an electromagnetic con-
tactor using the contact mechanism.

EXPLANATIONS OF LETTERS OR NUMERALS

[0085]

1: body case
1a: upper case
1b: lower case
CM: contact mechanism
2: immobile contact
2a, 2b: immobile contact portion
2c, 2d: first conductive plate portion
2e, 2f: second conductive plate portion
2g, 2h: L-shaped conductive plate portion
2i, 2j: external connection terminal
2m, 2n: third conductive plate portion
2o, 2p: C-shaped conductive plate portion
2q, 2r: fourth conductive plate portion
2s, 2t: fifth conductive plate portion
2u, 2v: L-shaped conductive plate portion
2w, 2x: immobile contact portion
3: movable contactor
3 a: conductive plate
3b, 3c: movable contact portion
3d, 3e: first conductive plate portion
3f, 3g: second conductive plate portion
3h, 3i: C-shaped bent portion
3j, 3k: movable contact portion

4: operating electromagnet
5: immobile iron core
6: movable iron core
8: electromagnetic coil
9: return spring
11: contactor holder
12: contact spring
13: stopper
14a, 14b: magnetic plate
15a, 15b: arc
21: contact receiving case
22: immobile contact supporting-insulating substrate
23: metal rectangular tube body
24: insulating rectangular tube body
30: insulating cover
31: magnetic yoke
32: upper magnetic yoke
33: cylindrical auxiliary yoke
34: spool
38: electromagnetic coil
41: cap
42: return spring
43: movable plunger
43a: peripheral flange portion 44: annular permanent
magnet
45: auxiliary yoke
46: connecting shaft

Claims

1. A contact mechanism where the shape of at least
one of an immobile contactor that includes a pair of
immobile contact portions and a movable contactor
that includes a pair of movable contact portions being
capable of coming into contact with and being sep-
arated from the pair of immobile contact portions is
set to a shape that generates a Lorentz force resist-
ing electromagnetic repulsion in a contactor opening
direction generated between the immobile contact
portions and the movable contact portions when a
current is applied, the immobile contactor and the
movable contactor being inserted in a current path,
wherein magnetic bodies suppressing a force driving
arcs, which are generated between the pair of im-
mobile contact portions and the pair of movable con-
tact portions, to the immobile contactor on the oppo-
site side are disposed on at least one of the immobile
contactor and the movable contactor.

2. The contact mechanism according to claim 1,
wherein the movable contactor includes a conduc-
tive plate that is supported by a movable portion and
includes contact portions at both end portion thereof
on one of the surface and the back thereof, respec-
tively,
the immobile contactor includes L-shaped conduc-
tive plate portions that include first conductive plate
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portions and second conductive plate portions, the
first conductive plate portions support the immobile
contact portions facing the contact portions of the
conductive plate and extend toward the outside of
both ends of the conductive plate in parallel with the
conductive plate, and the second conductive plate
portions extend from outer end portions of the first
conductive plate portions while passing by the out-
side of end portions of the conductive plate, and
the magnetic bodies are disposed so as to cover at
least portions of the second conductive plate por-
tions that face the immobile contact portions.

3. The contact mechanism according to claim 2,
wherein the immobile contactor includes third con-
ductive plate portions that extend inward from end
portions of the second conductive plate portions in
parallel with the conductive plate, and is formed in a
C shape, and
the magnetic bodies are disposed so as to cover at
least portions of the second conductive plate por-
tions that face the immobile contact portions.

4. The contact mechanism according to claim 1,
wherein the movable contactor includes a conduc-
tive plate portion that is supported by a movable por-
tion, C-shaped bent portions that are formed at both
ends of the conductive plate portion, and contact por-
tions that are formed on the surface of the conductive
plate portion facing the C-shaped bent portions,
the immobile contactor includes L-shaped conduc-
tive plate portions that include a pair of first conduc-
tive plate portions and second conductive plate por-
tions, contact portions, which come into contact with
the contact portions of the movable contactor pro-
vided in the C-shaped bent portions in parallel with
the conductive plate portion, are formed on the pair
of first conductive plate portions, and the second
conductive plate portions extend from inner ends of
the pair of first conductive plate portions while pass-
ing by the inside of end portions of the C-shaped
bent portions, respectively, and the magnetic bodies
are disposed so as to cover at least inner surfaces
of the C-shaped bent conductor plate portions of the
movable contactor.

5. An electromagnetic contactor comprising:

the contact mechanism according to any one of
claims 1 to 4,
wherein the movable contactor is connected to
a movable iron core of an operating electromag-
net and the immobile contactor is connected to
an external connection terminal.
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