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(54) ELECTROMAGNETIC CONTACTOR

(57) There is provided an electromagnetic contactor
such that it is possible to reduce the energizing current
flowing to a coil, and to reduce the overall size. An elec-
tromagnet unit that drives a movable contact disposed
so as to be connectable to and detachable from fixed
contacts includes at least a movable plunger biased by
a return spring, a coil (208) that enables the movable
plunger to move, and a ring-form permanent magnet,
magnetized in the direction in which the movable plunger
is movable, disposed and fixed so as to enclose a pe-
ripheral flange portion formed on the movable plunger.
A drive circuit (300) that drives the coil (208) includes a
power source that supplies power to the coil (208), a
pulse drive circuit (305) that outputs and supplies to the
coil (208) an engage pulse that causes an operation suc-
tioning the movable plunger and a hold pulse that, when
the movable plunger is subjected to a suctioning opera-
tion by the engage pulse, maintains the suctioning oper-
ation, and a flywheel circuit (310), (320) having a semi-
conductor switching element (Tr2) connected in parallel
to the coil (208).
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Description

Technical Field

[0001] The present invention relates to an electromag-
netic contactor including fixed contacts, a movable con-
tact connectable to and detachable from the fixed con-
tacts, and an electromagnet unit that drives the movable
contact.

Background Art

[0002] An electromagnetic contactor that carries out
switching of a current path is such that a movable contact
is driven by an exciting coil and movable plunger of an
electromagnet unit. That is, when the exciting coil is in a
non-excited state, the movable iron core is biased by a
return spring, and the movable contact is in a released
condition wherein it is distanced from a pair of fixed con-
tacts disposed maintaining a predetermined interval.
From the released condition, the movable iron core is
suctioned against a fixed iron core and can be moved
against the return spring by exciting the exciting coil, and
the movable contact takes on an engaged condition
wherein it is in contact with the pair of fixed contacts (for
example, refer to PTL 1).

Citation List

Patent Literature

[0003] PTL 1: Japanese Patent No. 3,107,288

Summary of Invention

Technical Problem

[0004] Note that the heretofore known example de-
scribed in PTL 1 is such that, as the contact mechanism
is disposed inside a hermetic receptacle, it is possible to
carry out energizing with, and interruption of, a large cur-
rent. However, when using in a vehicle-mounted appli-
cation used in a vehicle such as, for example, a hybrid
vehicle or electric vehicle, there is a high demand not
only for the guaranteed ambient temperature to be high,
but also for a reduction in size of the device, meaning
that there is an unsolved problem in the heretofore known
example in that the exciting current flowing to the coil
configuring the electromagnet is large, there is a need
for a configuration that ensures suctioning force and hold-
ing force and that suppresses heat emitted from the cir-
cuit parts, and the size of the overall configuration in-
creases.
[0005] Therefore, the invention, having been contrived
focusing on the unsolved problem of the heretofore
known example, has an object of providing an electro-
magnetic contactor such that it is possible to reduce the
exciting current flowing to the coil, and to reduce the over-

all size.

Solution to Problem

[0006] In order to achieve the heretofore described ob-
ject, an electromagnetic contactor according to one as-
pect of the invention includes a pair of fixed contacts dis-
posed and fixed maintaining a predetermined interval
and a movable contact disposed so as to be connectable
to and detachable from the pair of fixed contacts, an elec-
tromagnet unit that drives the movable contact, and a
drive circuit that drives the electromagnet unit. The elec-
tromagnet unit includes at least a movable plunger bi-
ased by a return spring, a coil that enables the movable
plunger to move, and a ring-form permanent magnet,
magnetized in the direction in which the movable plunger
is movable, disposed and fixed so as to enclose a pe-
ripheral flange portion formed on the movable plunger.
The drive circuit includes a power source that supplies
power to the coil, a pulse drive circuit that outputs and
supplies to the coil an engage pulse that causes an op-
eration suctioning the movable plunger and a hold pulse
that, when the movable plunger is subjected to a suction-
ing operation by the engage pulse, maintains the suc-
tioning operation, and a flywheel circuit having a switch-
ing element connected in parallel to the coil.
[0007] According to this configuration, as the perma-
nent magnet is provided so as to enclose the peripheral
flange portion of the movable plunger, it is possible to
cause a suctioning force that enables the movable con-
tact to move in a releasing direction to act on the movable
plunger, thus reducing the biasing force of the return
spring. Because of this, it is possible to reduce the size
of the current energizing the coil. Further, by the coil drive
circuit being configured of the pulse drive circuit and fly-
wheel circuit, it is possible for the current exciting the coil
during an engagement operation and holding operation
to be small.
[0008] Also, it is preferable that the electromagnetic
contactor is such that the flywheel circuit includes a series
circuit of a flywheel diode and switching element con-
nected in parallel to the coil, a high impedance element
connected in parallel to the semiconductor switching el-
ement, and a switch control circuit that controls the turn-
ing on and off of the semiconductor switching element
based on a coil current.
[0009] According to this configuration, a holding oper-
ation at a time of a holding operation wherein a hold pulse
is output from the pulse drive circuit is carried out by the
turning on and off of the switching element being control-
led by the switching control circuit, while a release oper-
ation is such that the switching element is put into an off-
state, and the coil energy is consumed by a high imped-
ance element, such as a varistor, connected in parallel,
whereby a swift release operation can be realized. Ad-
vantageous Effects of Invention
[0010] According to the invention, it is possible to
cause the suctioning force of the permanent magnet to
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act so as to suction the movable plunger in a released
condition, and thus possible to suppress by a commen-
surate amount the biasing force of the return spring caus-
ing the movable plunger to return to the released condi-
tion. Because of this, it is possible to reduce the current
energizing the coil that suctions the movable plunger. By
the coil drive circuit being configured of the pulse drive
circuit and flywheel circuit, it is possible for the current
exciting the coil during an engagement operation and
holding operation to be small. As a result of this, it is
possible to reduce the size of the electromagnet unit, and
to reduce the size of the drive circuit, and thus possible
to achieve a reduction in cost.

Brief Description of Drawings

[0011]

[Fig. 1] Fig. 1 is a sectional view showing a first em-
bodiment of an electromagnetic contactor according
to the invention.
[Fig. 2] Fig. 2 is a perspective view showing an in-
sulating cover.
[Fig. 3] Fig. 3 is an enlarged sectional view showing
the positional relationship between a permanent
magnet and a movable plunger.
[Fig. 4] Fig. 4 is diagrams illustrating an action of
suctioning the movable plunger with the permanent
magnet, wherein (a) is a partial sectional view show-
ing a released condition and (b) is a partial sectional
view showing an engaged condition.
[Fig. 5] Fig. 5 is a circuit diagram showing a drive
circuit that may be applied in the invention.
[Fig. 6] Fig. 6 is a signal waveform diagram accom-
panying a description of an operation of the drive
circuit of Fig. 4.
[Fig. 7] Fig. 7 is a circuit diagram of a drive circuit
showing a second embodiment of the invention.
[Fig. 8] Fig. 8 is a signal waveform diagram accom-
panying a description of an operation of the drive
circuit of Fig. 7.
[Fig. 9] Fig. 9 is a sectional view showing a modifi-
cation example of a contact device of the invention.
[Fig. 10] Fig. 10 is diagrams showing a modification
example of a contact mechanism in the contact de-
vice of the invention, wherein (a) is a sectional view
and (b) is a perspective view.
[Fig. 11] Fig. 11 is diagrams showing another mod-
ification example of the contact device of the inven-
tion, wherein (a) is a sectional view and (b) is a per-
spective view.

Description of Embodiments

[0012] Hereafter, a description will be given, based on
the drawings, of an embodiment of the invention.
[0013] Fig. 1 is a sectional view showing one example
of an electromagnetic switch according to the invention.

In Fig. 1, 10 is an electromagnetic contactor, and the
electromagnetic contactor 10 is configured of a contact
device 100 in which is disposed a contact mechanism,
and an electromagnet unit 200 that drives the contact
device 100.
[0014] The contact device 100 has a contact housing
case 102 that houses a contact mechanism 101, as is
clear from Fig. 1. The contact housing case 102 includes
a metal tubular body 104 having on a lower end portion
a metal flange portion 103 protruding outward, and a fixed
contact support insulating substrate 105 configured of a
plate-like ceramic insulating substrate that closes off the
upper end of the metal tubular body 104.
[0015] The metal tubular body 104 is such that the
flange portion 103 thereof is seal joined and fixed to an
upper portion magnetic yoke 210 of the electromagnet
unit 200, to be described hereafter.
[0016] Also, through holes 106 and 107 in which are
inserted a pair of fixed contacts 111 and 112, to be de-
scribed hereafter, are formed maintaining a predeter-
mined interval in a central portion of the fixed contact
support insulating substrate 105. A metalizing process
is performed around the through holes 106 and 107 on
the upper surface side of the fixed contact support insu-
lating substrate 105, and in a position on the lower sur-
face side that comes into contact with the tubular body
104.
[0017] The contact mechanism 101, as shown in Fig.
1, includes the pair of fixed contacts 111 and 112 inserted
into and fixed in the through holes 106 and 107 of the
fixed contact support insulating substrate 105 of the con-
tact housing case 102. Each of the fixed contacts 111
and 112 includes a support conductor portion 114, having
on an upper end a flange portion protruding outward,
inserted into the through holes 106 and 107 of the fixed
contact support insulating substrate 105, and a C-shaped
portion 115, the inner side of which is opened, linked to
the support conductor portion 114 and disposed on the
lower surface side of the fixed contact support insulating
substrate 105.
[0018] The C-shaped portion 115 is formed in a C-
shape of an upper plate portion 116 extending to the outer
side along the line of the lower surface of the fixed contact
support insulating substrate 105, an intermediate plate
portion 117 extending downward from the outer side end
portion of the upper plate portion 116, and a lower plate
portion 118 extending from the lower end side of the in-
termediate plate portion 117, parallel with the upper plate
portion 116, to the inner side, that is, in a direction facing
the fixed contacts 111 and 112, wherein the upper plate
portion 116 is added to an L-shape formed by the inter-
mediate plate portion 117 and lower plate portion 118.
[0019] Herein, the support conductor portion 114 and
C-shaped portion 115 are fixed by, for example, brazing
in a condition in which a pin 114a formed protruding on
the lower end surface of the support conductor portion
114 is inserted into a through hole 120 formed in the
upper plate portion 116 of the C-shaped portion 115. The
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fixing of the support conductor portion 114 and C-shaped
portion 115, not being limited to brazing, may be such
that the pin 114a is fitted into the through hole 120, or an
external thread is formed on the pin 114a and an internal
thread formed in the through hole 120, and the two are
screwed together.
[0020] Further, an insulating cover 121, made of a syn-
thetic resin material, that regulates arc generation is
mounted on the C-shaped portion 115 of each of the fixed
contacts 111 and 112. The insulating cover 121 covers
the inner peripheral surfaces of the upper plate portion
116 and intermediate plate portion 117 of the C-shaped
portion 115, as shown in Fig. 2.
[0021] The insulating cover 121 includes an L-shaped
plate portion 122 that follows the inner peripheral surfac-
es of the upper plate portion 116 and intermediate plate
portion 117, side plate portions 123 and 124, each ex-
tending upward and outward from front and rear end por-
tions of the L-shaped plate portion 122, that cover side
surfaces of the upper plate portion 116 and intermediate
plate portion 117 of the C-shaped portion 115, and a fit-
ting portion 125, formed on the inward side from the upper
end of the side plate portions 123 and 124, that fits onto
a small diameter portion 114b formed on the support con-
ductor portion 114 of the fixed contacts 111 and 112.
[0022] Further, the insulating cover 121 is placed in a
condition in which the fitting portion 125 is facing the small
diameter portion 114b of the support conductor portion
114 of the fixed contacts 111 and 112, as shown in Fig.
2, after which, the fitting portion 125 is fitted onto the
small diameter portion 114b of the support conductor por-
tion 114 by pushing the insulating cover 121 onto the
small diameter portion 114b.
[0023] By mounting the insulating cover 121 on the C-
shaped portion 115 of the fixed contacts 111 and 112 in
this way, only the upper surface side of the lower plate
portion 118 of the inner peripheral surface of the C-
shaped portion 115 is exposed, and is taken to be the
contact portion 118a.
[0024] Further, the movable contact 130 is disposed
in such a way that both end portions are disposed in the
C-shaped portion 115 of the fixed contacts 111 and 112.
The movable contact 130 is supported by a connecting
shaft 131 fixed to a movable plunger 215 of the electro-
magnet unit 200, to be described hereafter. The movable
contact 130 is such that, as shown in Fig. 1, a central
portion in the vicinity of the connecting shaft 131 pro-
trudes downward, whereby a depressed portion 132 is
formed, and a through hole 133 in which the connecting
shaft 131 is inserted is formed in the depressed portion
132.
[0025] A flange portion 131a protruding outward is
formed on the upper end of the connecting shaft 131.
The connecting shaft 131 is inserted from the lower end
side into a contact spring 134, then inserted into the
through hole 133 of the movable contact 130, bringing
the upper end of the contact spring 134 into contact with
the flange portion 131a, and the moving contact 130 is

positioned using, for example, a C-ring 135 so as to ob-
tain a predetermined biasing force from the contact
spring 134.
[0026] The movable contact 130, in a released condi-
tion, takes on a condition wherein the contact portions
130a at either end and the contact portions 118a of the
lower plate portions 118 of the C-shaped portions 115 of
the fixed contacts 111 and 112 are separated from each
other and maintaining a predetermined interval. Also, the
movable contact 130 is set so that, in an engaged posi-
tion, the contact portions at either end come into contact
with the contact portions 118a of the lower plate portions
118 of the C-shaped portions 115 of the fixed contacts
111 and 112 at a predetermined contact pressure owing
to the contact spring 134.
[0027] Furthermore, an insulating cylinder 140 made
of, for example, a synthetic resin is disposed on the inner
peripheral surface of the metal tubular body 104 of the
contact housing case 102. The insulating cylinder 140 is
configured of a tubular portion 140a disposed on the inner
peripheral surface of the tubular body 104 and a bottom
plate portion 104b that closes off the lower surface side
of the tubular portion 140a.
[0028] The electromagnet unit 200, as shown in Fig.
1, has a magnetic yoke 201 of a flattened U-shape when
seen from the side, and a cylindrical auxiliary yoke 203
is fixed in a central portion of a bottom plate portion 202
of the magnetic yoke 201. A spool 204 is disposed as a
plunger drive portion on the outer side of the cylindrical
auxiliary yoke 203.
[0029] The spool 204 is configured of a central cylinder
portion 205 in which the cylindrical auxiliary yoke 203 is
inserted, a lower flange portion 206 protruding outward
in a radial direction from a lower end portion of the central
cylinder portion 205, and an upper flange portion 207
protruding outward in a radial direction from slightly below
the upper end of the central cylinder portion 205. Further,
an exciting coil 208 is mounted wound in a housing space
configured of the central cylinder portion 205, lower
flange portion 206, and upper flange portion 207.
[0030] Further, an upper magnetic yoke 210 is fixed
between upper ends forming an opened end of the mag-
netic yoke 201. A through hole 210a opposing the central
cylinder portion 205 of the spool 204 is formed in a central
portion of the upper magnetic yoke 210.
[0031] Further, the movable plunger 215, in which is
disposed a return spring 214 between a bottom portion
and the bottom plate portion 202 of the magnetic yoke
201, is disposed in the central cylinder portion 205 of the
spool 204 so as to be able to slide up and down. A pe-
ripheral flange portion 216 protruding outward in a radial
direction is formed on the movable plunger 215, on an
upper end portion protruding upward from the upper mag-
netic yoke 210.
[0032] Also, a permanent magnet 220 formed in a ring-
form is fixed to the upper surface of the upper magnetic
yoke 210 so as to enclose the peripheral flange portion
216 of the movable plunger 215. The permanent magnet
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220 has a through hole 221 that encloses the peripheral
flange portion 216. The permanent magnet 220 is mag-
netized in an up-down direction, that is, a thickness di-
rection, so that, for example, the upper end side is an N-
pole while the lower end side is an S-pole. Taking the
form of the through hole 221 of the permanent magnet
220 to be a form tailored to the form of the peripheral
flange portion 216, the form of the outer peripheral sur-
face can be any form, such as circular or rectangular.
[0033] Further, an auxiliary yoke 225 of the same ex-
ternal form as the permanent magnet 220, and having a
through hole 224 with an inner diameter smaller than the
outer diameter of the peripheral flange portion 216 of the
movable plunger 215, is fixed to the upper end surface
of the permanent magnet 220. The peripheral flange por-
tion 216 of the movable plunger 215 is opposed to the
lower surface of the auxiliary yoke 225.
[0034] Herein, a thickness T of the permanent magnet
220 is set to a value (T = L + t) wherein a stroke L of the
movable plunger 215 and a thickness t of the peripheral
flange portion 216 of the movable plunger 215 are added
together, as shown in Fig. 3. Consequently, the stroke L
of the movable plunger 215 is regulated by the thickness
T of the permanent magnet 220.
[0035] Because of this, it is possible to reduce to a
minimum the cumulative number of parts and form toler-
ance, which affect the stroke of the movable plunger 215.
Also, it is possible to determine the stroke L of the mov-
able plunger 215 using only the thickness T of the per-
manent magnet 220 and the thickness t of the peripheral
flange portion 216, and thus possible to minimize varia-
tion of the stroke L. In particular, this is more advanta-
geous in the case of a small electromagnetic contactor
in which the stroke is small.
[0036] Also, as the permanent magnet 220 is formed
in a ring-form, the number of parts decreases, and a re-
duction in cost is achieved. Also, as the peripheral flange
portion 216 of the movable plunger 215 is disposed in
the vicinity of the inner peripheral surface of the through
hole 221 formed in the permanent magnet 220, there is
no waste in a closed circuit passing magnetic flux gen-
erated by the permanent magnet 220, leakage flux de-
creases, and it is possible to use the magnetic force of
the permanent magnet effectively.
[0037] The form of the permanent magnet 220 not be-
ing limited to that heretofore described, it can also be
formed in an annular form, or in other words, the external
form can be any form provided that the inner peripheral
surface is a cylindrical surface. Also, not being limited to
an annular form, the permanent magnet 220 may also
be formed in an angular frame form, such as quadrilat-
eral, hexagonal, or octagonal.
[0038] Also, the connecting shaft 131 that supports the
movable contact 130 is screwed to the upper end surface
of the movable plunger 215.
[0039] Further, in the released condition, the movable
plunger 215 is biased upward by the return spring 214,
and the upper surface of the peripheral flange portion

216 attains a released position wherein it is brought into
contact with the lower surface of the auxiliary yoke 225.
In this condition, the contact portions 130a of the movable
contact 130 have moved away upward from the contact
portions 118a of the fixed contacts 111 and 112, causing
a condition wherein current is interrupted.
[0040] In the released condition, the peripheral flange
portion 216 of the movable plunger 215 is suctioned to
the auxiliary yoke 225 by the magnetic force of the per-
manent magnet 220, and by a combination of this and
the biasing force of the return spring 214, the condition
in which the movable plunger 215 is brought into contact
with the auxiliary yoke 225 is maintained, with no un-
planned downward movement due to external vibration,
shock, or the like.
[0041] Also, in the released condition, as shown in Fig.
4(a), relationships between a gap g1 between the lower
surface of the peripheral flange portion 216 of the mov-
able plunger 215 and the upper surface of the upper mag-
netic yoke 210, a gap g2 between the outer peripheral
surface of the movable plunger 215 and the through hole
210a of the upper magnetic yoke 210, a gap g3 between
the outer peripheral surface of the movable plunger 215
and the cylindrical auxiliary yoke 203, and a gap g4 be-
tween the lower surface of the movable plunger 215 and
the upper surface of the bottom plate portion 202 of the
magnetic yoke 201 are set as below. 

[0042] Because of this, when exciting the exciting coil
208 in the released condition, the magnetic flux passes
from the movable plunger 215 through the peripheral
flange portion 216, passes through the gap g1 between
the peripheral flange portion 216 and upper magnetic
yoke 210, and reaches the upper magnetic yoke 210, as
shown in Fig. 4(a). A closed magnetic circuit is formed
from the upper magnetic yoke 210, through the U-shaped
magnetic yoke 201 and through the cylindrical auxiliary
yoke 203, as far as the movable plunger 215.
[0043] Because of this, it is possible to increase the
magnetic flux density of the gap g1 between the lower
surface of the peripheral flange portion 216 of the mov-
able plunger 215 and the upper surface of the upper mag-
netic yoke 210, a larger suctioning force is generated,
and the movable plunger 215 is caused to descend
against the biasing force of the return spring 214 and the
suctioning force of the permanent magnet 220.
[0044] Consequently, the contact portions 130a of the
movable contact 130 connected to the movable plunger
215 via the connecting shaft 131 are brought into contact
with the contact portions 118a of the fixed contacts 111
and 112, and a current path is formed from the fixed con-
tact 111, through the movable contact 130, toward the
fixed contact 112, creating the engaged condition.
[0045] As the lower end surface of the movable plunger
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215 nears the bottom plate portion 202 of the U-shaped
magnetic yoke 201 on the engaged condition being cre-
ated, as shown in Fig. 4(b), the heretofore described gaps
g1 to g4 are as below. 

[0046] Because of this, the magnetic flux generated by
the exciting coil 208 passes from the movable plunger
215 through the peripheral flange portion 216, and enters
the upper magnetic yoke 210 directly, as shown in Fig.
4(b), while a closed magnetic circuit is formed from the
upper magnetic yoke 210, through the U-shaped mag-
netic yoke 201, returning from the bottom plate portion
202 of the U-shaped magnetic yoke 201 directly to the
movable plunger 215.
[0047] Because of this, a large suctioning force acts in
the gap g1 and gap g4, and the movable plunger 215 is
held in the down position. Because of this, the condition
wherein the contact portions 130a of the movable contact
130 connected to the movable plunger 215 via the con-
necting shaft 213 are in contact with the contact portions
118a of the fixed contacts 111 and 112 is continued.
[0048] Further, the movable plunger 215 is covered
with a cap 230 formed in a bottomed tubular form made
of a non-magnetic body, and a flange portion 231 formed
extending outward in a radial direction on an opened end
of the cap 230 is seal joined to the lower surface of the
upper magnetic yoke 210. By so doing, a hermetic re-
ceptacle, wherein the contact housing case 102 and cap
230 are in communication via the through hole 210a of
the upper magnetic yoke 210, is formed. Further, a gas
such as hydrogen gas, nitrogen gas, a mixed gas of hy-
drogen and nitrogen, air, or SF6 is encapsulated inside
the hermetic receptacle formed by the contact housing
case 102 and cap 230.
[0049] Also, a drive circuit 300 that drives the coil 208
of the electromagnet unit 200 is configured as shown in
Fig.5. The drive circuit 300 is such that the positive elec-
trode side of a direct current power source 301 is con-
nected to the positive electrode side of the coil 208 via a
diode 302 and diodes 303, while the negative electrode
side of the coil 208 is connected to the negative electrode
side of the direct current power source 301 via an NPN
transistor Tr1, which acts as a switching element.
[0050] Further, a pulse signal output from a pulse drive
circuit 305 configured of a PWM oscillator circuit is sup-
plied to the base of the NPN transistor Tr1. A power-on
switch 306 is provided for the pulse drive circuit 305, and
on the power-on switch 306 being changed from an off-
state to an on-state, the power source voltage of the direct
current power source 301 is detected, and when the pow-
er source voltage is normal, firstly, an engage pulse P1,
with a comparatively long on-state period of predeter-
mined width, is output, after which, when the engage
pulse P1 changes to an off-state, a hold pulse P2, formed

of a pulse width modulation signal with a short on-state
period, is output at predetermined intervals. Then, when
the power-on switch 306 is returned to an off-state, the
output of the hold pulse P2 is stopped.
[0051] Also, a flywheel circuit 310 is connected in par-
allel to the coil 208. The flywheel circuit 310 includes a
series circuit of a flywheel diode 311 connected in parallel
to the coil 208 and an NPN transistor Tr2 acting as a
switching element. Herein, the flywheel diode 311 is such
that the anode thereof is connected to a connection point
of the coil 208 and the collector of the NPN transistor Tr1,
while the cathode is connected to the collector of the NPN
transistor Tr2. Also, the emitter of the NPN transistor Tr2
is connected to a connection point of the diodes 303 and
coil 208, while the base of the NPN transistor Tr2 is con-
nected to a delay circuit 312.
[0052] The delay circuit 312 includes the diodes 303,
and a charge and discharge capacitor 313 is connected
in parallel to the diodes 303. Further, a connection point
of the charge and discharge capacitor 313 and the anode
of the diode 303 is connected via a resistor 314 to the
base of the NPN transistor Tr2.
[0053] Next, a description will be given of an operation
of the heretofore described embodiment.
[0054] For now, it is assumed that the fixed contact
111 is connected to, for example, a power supply source
that supplies a large current, while the fixed contact 112
is connected to a load.
[0055] In this condition, it is assumed that the power-
on switch 306 of the drive circuit 300 in the electromagnet
unit 200 is in an off-state. In this case, as no pulse signal
P1 or P2 is output from the pulse drive circuit 305, the
NPN transistor Tr1 maintains an off-state condition.
[0056] Because of this, no current flows through the
exciting coil 208, and it is thus in a non-energized state.
Consequently, there exists a released condition wherein
no exciting force causing the movable plunger 215 to
descend is being generated in the electromagnet unit
200. In this released condition, the movable plunger 215
is biased in an upward direction away from the upper
magnetic yoke 210 by the return spring 214.
[0057] Simultaneously with this, a suctioning force
caused by the permanent magnet 220 acts on the aux-
iliary yoke 225, and the peripheral flange portion 216 of
the movable plunger 215 is suctioned. Because of this,
the upper surface of the peripheral flange portion 216 of
the movable plunger 215 is brought into contact with the
lower surface of the auxiliary yoke 225.
[0058] As the movable contact 130 of the contact
mechanism 101 is connected to the movable plunger 215
via the connecting shaft 131 in this condition, the contact
portions 130a are separated by a predetermined distance
upward from the contact portions 118a of the fixed con-
tacts 111 and 112. Because of this, the current path be-
tween the fixed contacts 111 and 112 is in a cut-off con-
dition, and the contact mechanism 101 is in a condition
wherein the contacts are opened.
[0059] In this way, as the biasing force of the return
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spring 214 and the suctioning force of the ring-form per-
manent magnet 220 both act on the movable plunger 215
in the released condition, there is no unplanned down-
ward movement of the movable plunger 215 due to ex-
ternal vibration, shock, or the like, and it is thus possible
to reliably prevent malfunction.
[0060] On the power-on switch 306 of the drive circuit
300 being changed to an on-state from the released con-
dition, the power source voltage of the direct current pow-
er source 301 is detected in the pulse drive circuit 305,
it is determined whether or not the power source voltage
is normal and, when the power source voltage is normal,
the engage pulse P1 having an on-state period of pre-
determined width is output, as shown in Fig. 6(b).
[0061] As the engage pulse P1 is supplied to the base
of the NPN transistor Tr1, the NPN transistor Tr1 changes
to an on-state. Because of this, current flows through the
coil 208, as shown in Fig. 6(c), and the movable plunger
215 is suctioned downward by the exciting coil 208
against the biasing force of the return spring 214 and the
suctioning force of the ring-form permanent magnet 220.
[0062] At this time, as shown in Fig. 4(a), the gap g4
between the bottom surface of the movable plunger 215
and the bottom plate portion 202 of the magnetic yoke
201 is large, and hardly any magnetic flux passes through
the gap g4. However, the cylindrical auxiliary yoke 203
opposes the lower outer peripheral surface of the mov-
able plunger 215, and the gap g3 between the movable
plunger 215 and the cylindrical auxiliary yoke 203 is set
to be small in comparison with the gap g4.
[0063] Because of this, a magnetic path passing
through the cylindrical auxiliary yoke 203 is formed be-
tween the movable plunger 215 and the bottom plate
portion 202 of the magnetic yoke 201. Furthermore, the
gap g1 between the lower surface of the peripheral flange
portion 216 of the movable plunger 215 and the upper
magnetic yoke 210 is set to be small in comparison with
the gap g2 between the outer peripheral surface of the
movable plunger 215 and the inner peripheral surface of
the through hole 210a of the upper magnetic yoke 210.
Because of this, the magnetic flux density between the
lower surface of the peripheral flange portion 216 of the
movable plunger 215 and the upper surface of the upper
magnetic yoke 210 increases, and a large suctioning
force acts, suctioning the peripheral flange portion 216
of the movable plunger 215.
[0064] Consequently, the movable plunger 215 de-
scends swiftly against the biasing force of the return
spring 214 and the suctioning force of the ring-form per-
manent magnet 220. The descent of the movable plunger
215 is stopped by the lower surface of the peripheral
flange portion 216 coming into contact with the upper
surface of the upper magnetic yoke 210, as shown in Fig.
4(b).
[0065] By the movable plunger 215 descending in this
way, the movable contact 130 connected to the movable
plunger 215 via the connecting shaft 131 also descends,
and the contact portions 130a of the movable contact

130 come into contact with the contact portions 118a of
the fixed contacts 111 and 112 with the contact pressure
of the contact spring 13.
[0066] Because of this, there exists a closed contact
condition wherein the large current of the external power
supply source is supplied via the fixed contact 111, mov-
able contact 130, and fixed contact 112 to the load.
[0067] At this time, an electromagnetic repulsion force
is generated between the fixed contacts 111 and 112 and
the movable contact 130 in a direction such as to cause
the contacts of the movable contact 130 to open.
[0068] However, as the fixed contacts 111 and 112 are
such that the C-shaped portion 115 is formed of the upper
plate portion 116, intermediate plate portion 117, and
lower plate portion 118, as shown in Fig. 1, the current
in the upper plate portion 116 and lower plate portion 118
and the current in the opposing movable contact 130 flow
in opposite directions.
[0069] Because of this, from the relationship between
a magnetic field formed by the lower plate portions 118
of the fixed contacts 111 and 112 and the current flowing
through the movable contact 130, it is possible, in ac-
cordance with Fleming’s left-hand rule, to generate a
Lorentz force that presses the movable contact 130
against the contact portions 118a of the fixed contacts
111 and 112.
[0070] Because of this Lorentz force, it is possible to
oppose the electromagnetic repulsion force generated in
the contact opening direction between the contact por-
tions 118a of the fixed contacts 111 and 112 and the
contact portions 130a of the movable contact 130, and
thus possible to reliably prevent the contact portions 130a
of the movable contact 130 from opening.
[0071] Because of this, it is possible to reduce the
pressing force of the contact spring 134 supporting the
movable contact 130, and also possible to reduce thrust
generated in the exciting coil 208 in response to the
pressing force, and it is thus possible to reduce the size
of the overall configuration of the electromagnetic con-
tactor.
[0072] At this time, in the drive circuit 300, the charge
and discharge capacitor 313 is charged by a drop in the
voltage of the diodes 303 when current flows through the
exciting coil 208. As the inter-terminal voltage of the ca-
pacitor 313 is supplied via the resistor 314 to the base
of the NPN transistor Tr2, the NPN transistor Tr2 changes
to an on-state. In the pulse drive circuit 305, on the output
of the engage pulse P1 being stopped, the hold pulse P2
with the comparatively short on-state period is continu-
ously output in a predetermined cycle. Because of this,
when the hold pulse P2 is in an off-state, energy accu-
mulated in the exciting coil 208 is released via the fly-
wheel diode 311 and NPN transistor Tr2. Meanwhile, as
the NPN transistor Tr1 changes to an on-state when the
hold pulse P2 is in an on-state, a small current flows
through the NPN transistor Tr1. At this time, no current
flows through the NPN transistor Tr12.
[0073] Consequently, a small current continues to flow
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through the exciting coil 208, as shown in Fig. 6(c), and
an engagement operation is maintained.
[0074] Subsequently, the power-on switch 306 is re-
turned to an off-state in order to cause a return to the
released condition. By so doing, the hold pulse P2 output
from the pulse drive circuit 305 is stopped. Because of
this, the supply of current from the direct current power
source 301 to the exciting coil 208 is interrupted. At this
time, the charge and discharge capacitor 313 is dis-
charged by the current flowing through the diodes 303
being interrupted. Because of this, the inter-terminal volt-
age of the charge and discharge capacitor 313 drops,
and the NPN transistor Tr2 changes to an off-state.
[0075] In this condition, the current of the exciting coil
208 flowing through the flywheel circuit 310 owing to en-
ergy accumulated in the exciting coil 208 flows through
a varistor Z, as shown in Fig. 6(e). As the resistance value
of the varistor Z is high, the coil current attenuates sharp-
ly, and it is thus possible to accelerate release.
[0076] By the current flowing through the exciting coil
208 being interrupted in this way, the exciting force caus-
ing the movable plunger 215 to move downward in the
electromagnet unit 200 stops. Because of this, the mov-
able plunger 215 is raised by the biasing force of the
return spring 214, and the suctioning force of the ring-
form permanent magnet 220 increases as the peripheral
flange portion 216 nears the auxiliary yoke 225.
[0077] By the movable plunger 215 rising, the movable
contact 130 connected via the connecting shaft 131 rises.
As a result of this, the movable contact 130 is in contact
with the fixed contacts 111 and 112 for as long as contact
pressure is applied by the contact spring 134. Subse-
quently, there starts an opened contact condition, where-
in the movable contact 130 moves upward away from
the fixed contacts 111 and 112 at the point at which the
contact pressure of the contact spring 134 stops.
[0078] On the opened contact condition starting, an
arc is generated between the contact portions 118a of
the fixed contacts 111 and 112 and the contact portions
130a of the movable contact 130, and the condition in
which current is conducted is continued owing to the arc,
but the arc can easily be extinguished by, for example,
disposing permanent magnets opposed across the mov-
able contact 130, and arranging so that mutually oppos-
ing faces of the permanent magnets have the same po-
larity.
[0079] In this way, according to the embodiment, as
the ring-form permanent magnet 220 magnetized in the
direction in which the movable plunger 215 is movable
is disposed on the upper magnetic yoke 210, and the
auxiliary yoke 225 is formed on the upper surface of the
ring-form permanent magnet 220, it is possible to gen-
erate suctioning force to suction the peripheral flange
portion 216 of the movable plunger 215 with the one ring-
form permanent magnet 220.
[0080] Because of this, it is possible to carry out the
fixing of the movable plunger 215 in the released condi-
tion with the magnetic force of the ring-form permanent

magnet 220 and the biasing force of the return spring
214, and it is thus possible to improve holding force with
respect to malfunction shock.
[0081] Also, it is possible to reduce the biasing force
of the return spring 214, and thus possible to reduce the
total load of the contact spring 134 and return spring 214.
Consequently, it is possible to reduce the current ener-
gizing the exciting coil 208 in accordance with the amount
by which the total load is reduced. Moreover, in the drive
circuit 300, by maintaining the NPN transistor Tr1 in an
on-state for a predetermined time with the engage pulse
P1 when turning on the power, causing an engagement
operation to be carried out by continuously causing cur-
rent to flow through the exciting coil 208, and subsequent-
ly supplying the hold pulse P2 formed of a pulse width
modulation signal to the NPN transistor Tr1, it is possible
to reduce the amount of current supplied to the exciting
coil 208. The NPN transistor Tr2 of the flywheel circuit
310 is put into an on-state in the condition in which en-
gagement is maintained, and the condition in which en-
gagement is maintained, wherein a small coil current of
the exciting coil 208 is caused to flow through the flywheel
diode 311 and NPN transistor Tr2, is thus maintained.
Then, by the NPN transistor Tr2 being put into an off-
state when a release operation is carried out, it is possible
to obtain a swift release operation by the energy accu-
mulated in the exciting coil 208 being consumed by the
varistor Z connected in parallel to the NPN transistor Tr2.
Because of this it is possible to simplify the configuration
of the drive circuit 300.
[0082] In the first embodiment, a description has been
given of a case in which the NPN transistors Tr1 and Tr2
are applied as semiconductor switching elements but,
this not being limiting, it is possible to apply another ar-
bitrary semiconductor switching element, such as a field
effect transistor or MOS field effect transistor.
[0083] Next, a description will be given of a second
embodiment of the invention, based on Fig. 7 and Fig. 8.
[0084] In the second embodiment, the configuration of
the drive circuit 300 is changed.
[0085] That is, in the second embodiment, the drive
circuit 300 is configured as shown in Fig. 7. The drive
circuit 300 is such that the diode 302, the exciting coil
208, an N-channel MOS field effect transistor Tr2 con-
figuring a flywheel circuit 320, and an N-channel MOS
field effect transistor Tr1 are connected in series to the
direct current power source 301.
[0086] Further, the pulse signals P1 and P2 of the pulse
drive circuit 305 are supplied to the gate of the MOS field
effect transistor Tr1.
[0087] Also, the flywheel circuit 320 is such that the
varistor Z, acting as a high impedance element, is con-
nected in parallel to the MOS field effect transistor Tr2,
and a flywheel diode 321 is connected between a con-
nection point of the MOS field effect transistor Tr2 and
varistor Z and MOS field effect transistor Tr1 and the
positive electrode side of the exciting coil 208. Further-
more, the flywheel circuit 320 has a delay circuit 330 that
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drives the gate of the MOS field effect transistor Tr2.
[0088] The delay circuit 330 is such that a parallel cir-
cuit of a charge and discharge capacitor 331, a discharge
resistor 332, and a Zener diode 333 is connected be-
tween the source and gate of the MOS field effect tran-
sistor Tr2. Also, a connection point of the charge and
discharge capacitor 331 and the gate of the MOS field
effect transistor Tr2 is connected to a connection point
of the exciting coil 208 and diode 302 via a diode 334, in
reverse direction, and furthermore, via a resistor 335.
[0089] According to the drive circuit 300, in the re-
leased condition wherein no pulse signal is output from
the pulse drive circuit 305, the current path for the exciting
coil 208 is shut off when the MOS field effect transistor
Tr1 is in an off-state, and the current path of the charge
and discharge capacitor 331 is also cut off. Because of
this, the charge and discharge capacitor 331 takes on a
discharging condition, and the MOS field effect transistor
Tr2 also maintains an off-state.
[0090] When the power-on switch 306 is changed to
an on-state from the released condition, the engage
pulse P1 with a comparatively long on-state period shown
in Fig. 8(b) is output from the pulse drive circuit 305. Be-
cause of this, the MOS field effect transistor Tr1 changes
to an on-state.
[0091] Because of this, a charge path is formed for the
charge and discharge capacitor 331, and current from
the direct current power source 301 is supplied via the
diode 302, resistor 335, and diode 334 to the charge and
discharge capacitor 331, whereby the charge and dis-
charge capacitor 331 is charged. As the inter-terminal
voltage of the charge and discharge capacitor 331 is ap-
plied between the gate and source of the MOS field effect
transistor Tr2, the MOS field effect transistor Tr2 changes
to an on-state.
[0092] Consequently, a current path is formed from the
direct current power source 301 through the diode 302,
exciting coil 208, MOS field effect transistor Tr2, and
MOS field effect transistor Tr1, returning to the direct cur-
rent power source 301. Because of this, a large coil cur-
rent flows through the exciting coil 208, as shown in Fig.
8(c), generating an exciting force that suctions the mov-
able plunger 215 against the biasing force of the return
spring 214 and the suctioning force of the permanent
magnet 220. The movable plunger 215 is caused to de-
scend by the exciting force, and the movable contact 130
comes into contact with the fixed contacts 111 and 112
with the contact pressure of the contact spring 134, cre-
ating the engaged condition.
[0093] Subsequently, in the same way as in the first
embodiment, the hold pulse P2 is output from the pulse
drive circuit 305, as shown in Fig. 8(b), and the turning
on and off of the MOS field effect transistor Tr1 is con-
trolled by the hold pulse P2.
[0094] In this condition, when the MOS field effect tran-
sistor Tr1 is in an on-state, a small current flows through
the exciting coil 208, MOS field effect transistor Tr2, and
MOS field effect transistor Tr1. Meanwhile, when the

MOS field effect transistor Tr1 is in an off-state, the coil
current of the exciting coil 208 flows through the MOS
field effect transistor Tr2 and flywheel diode 321.
[0095] Because of this, a small coil current flows
through the MOS field effect transistor Tr2, as shown in
Fig. 8(d). As a result of this, the coil current shown in Fig.
8(c) flows through the exciting coil 208, creating a con-
dition wherein the engagement operation is maintained.
[0096] When the power-on switch 306 is put into an
off-state from the condition wherein the engagement op-
eration is maintained, the output of the hold pulse P2
from the pulse drive circuit 305 is stopped, because of
which the MOS field effect transistor Tr1 continues to be
in an off-state. When this condition is reached, the ener-
gizing of the exciting coil 208 by the MOS field effect
transistor Tr1 is interrupted, and the charge path of the
charge and discharge capacitor 331 is also shut off. Be-
cause of this, the charge of the charge and discharge
capacitor 331 is released via the resistor 332, and the
MOS field effect transistor Tr2 changes to an off-state.
[0097] At this time, energy accumulated in the exciting
coil 208 is released through the flywheel diode 321 via
the varistor Z, as shown in Fig. 8(e), the coil energy is
consumed owing to the high resistance of the varistor Z,
and it is possible to carry out a swift release operation.
[0098] Consequently, it is possible to obtain the same
operation and effect as in the first embodiment.
[0099] Also, in the heretofore described embodiments,
a description has been given of a case wherein the con-
tact housing case 102 of the contact device 100 is con-
figured of the tubular body 104 and fixed contact support
insulating substrate 105 but, this not being limiting, it is
possible to adopt another configuration. For example, as
shown in Fig. 9, the contact housing case 102 may be
formed by a tubular portion 351 and an upper surface
plate portion 352 closing off the upper end of the tubular
portion 351 being formed integrally of a ceramic or a syn-
thetic resin material, forming a tub-form body 353, a metal
foil being formed on an opened end surface side of the
tub-form body 353 by a metalizing process, and a metal
connection member 354 being seal joined to the metal
foil.
[0100] Also, the contact mechanism 101 not being lim-
ited to the heretofore described configuration either, it is
possible to apply any configuration of contact mecha-
nism.
[0101] For example, an L-shaped portion 160, of a form
such that the upper plate portion 116 of the C-shaped
portion 115 is omitted, may be connected to the support
conductor portion 114, as shown in Figs. 10(a) and (b).
In this case too, in the closed contact condition wherein
the movable contact 130 is brought into contact with the
fixed contacts 111 and 112, it is possible to cause mag-
netic flux generated by the current flowing through a ver-
tical plate portion of the L-shaped portion 160 to act on
portions in which the fixed contacts 111 and 112 and the
movable contact 130 are in contact. Because of this, it
is possible to increase the magnetic flux density in the
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portions in which the fixed contacts 111 and 112 and the
movable contact 130 are in contact, generating a Lorentz
force that opposes the electromagnetic repulsion force.
[0102] Also, the depressed portion 132 may be omit-
ted, forming a flat plate, as shown in Figs. 11 (a) and (b).
[0103] Also, in the heretofore described first and sec-
ond embodiments, a description has been given of a case
wherein the connecting shaft 131 is screwed to the mov-
able plunger 215 but, screwing not being limiting, it is
possible to apply any connection method, and further-
more, the movable plunger 215 and connecting shaft 131
may also be formed integrally.
[0104] Also, in the heretofore described first and sec-
ond embodiments, a description has been given of a case
wherein the connection of the connecting shaft 131 and
movable contact 130 is such that the flange portion 131a
is formed on the leading end portion of the connecting
shaft 131, and the lower end of the movable contact 130
is fixed with a C-ring after the connecting shaft 131 is
inserted into the contact spring 134 and movable contact
130, but this is not limiting. That is, a positioning large
diameter portion may be formed protruding in a radial
direction in the C-ring position of the connecting shaft
131, the contact spring 134 disposed after the movable
contact 130 is brought into contact with the large diameter
portion, and the upper end of the contact spring 134 fixed
with the C-ring.
[0105] Also, in the heretofore described first and sec-
ond embodiments, a description has been given of a case
wherein a hermetic receptacle is configured of the con-
tact housing case 102 and cap 230, and gas is encap-
sulated inside the hermetic receptacle but, this not being
limiting, the gas encapsulation may be omitted when the
interrupted current is small.

Reference Signs List

[0106] 10 ··· Electromagnetic contactor, 11 ··· External
insulating receptacle, 100 ··· Contact device, 101 ··· Con-
tact mechanism, 102 ··· Contact housing case, 104 ···
Tubular body, 105 ··· Fixed contact support insulating
substrate, 111, 112 ··· Fixed contact, 114 ··· Support con-
ductor portion, 115 ··· C-shaped portion, 116 ··· Upper
plate portion, 117 ··· Intermediate plate portion, 118 ···
Lower plate portion, 118a ··· Contact portion, 121 ··· In-
sulating cover, 122 ··· L-shaped plate portion, 123, 124
··· Side plate portion, 125 ··· Fitting portion, 130 ··· Mov-
able contact, 130a ··· Contact portion, 131 ··· Connecting
shaft, 132 ··· Depressed portion, 134 ··· Contact spring,
140 ··· Insulating cylinder, 200 ··· Electromagnet unit, 201
··· Magnetic yoke, 203 ··· Cylindrical auxiliary yoke, 204
··· Spool, 208 ··· Exciting coil, 210 ··· Upper magnetic
yoke, 214 ··· Return spring, 215 ··· Movable plunger, 216
··· Peripheral flange portion, 220 ··· Permanent magnet,
225 ··· Auxiliary yoke, 300 ··· Drive circuit, 301 ··· Direct
current power source, 302 ··· Diode, 303 ··· Diode, Tr1
··· NPN transistor, 305 ··· Pulse drive circuit, 306 ··· Pow-
er-on switch, Tr1 ··· NPN diode, 310 ··· Flywheel circuit,

311 ··· Flywheel diode, 312 ··· Delay circuit, 313 ··· Charge
and discharge capacitor, 314 ··· Resistor, Z ··· Varistor,
320 ··· Flywheel circuit, 321 ··· Flywheel diode, 330 ···
Delay circuit, 331 ··· Charge and discharge capacitor,
332 ··· Discharge resistor, 333 ··· Zener diode, 334 ···
Diode, 335 ··· Resistor

Claims

1. An electromagnetic contactor, characterized by
comprising:

a pair of fixed contacts disposed and fixed main-
taining a predetermined interval and a movable
contact disposed so as to be connectable to and
detachable from the pair of fixed contacts;
an electromagnet unit that drives the movable
contact; and
a drive circuit that drives the electromagnet unit,
the electromagnet unit including at least:
a movable plunger biased by a return spring;
a coil that enables the movable plunger to move;
and
a ring-form permanent magnet, magnetized in
the direction in which the movable plunger is
movable, disposed and fixed so as to enclose a
peripheral flange portion formed on the movable
plunger,
the drive circuit including:

a power source that supplies power to the
coil;
a pulse drive circuit that outputs and sup-
plies to the coil an engage pulse that causes
an operation suctioning the movable plung-
er and a hold pulse that, when the movable
plunger is subjected to a suctioning opera-
tion by the engage pulse, maintains the suc-
tioning operation; and
a flywheel circuit having a semiconductor
switching element connected in parallel to
the coil.

2. The electromagnetic contactor according to claim 1,
characterized in that the flywheel circuit includes a
series circuit of a flywheel diode and semiconductor
switching element connected in parallel to the coil,
a high impedance element connected in parallel to
the semiconductor switching element, and a switch
control circuit that controls the turning on and off of
the semiconductor switching element based on a coil
supply current.
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