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(54) CONTACT POINT OPENING-CLOSING DEVICE

(57) A contact opening and closing device includes
a driven contact, a driving contact, and a solenoid actu-
ator. The driving contact is configured to move with re-
spect to the driven contact. The solenoid actuator in-
cludes a movable component configured to move to an
off position and an on position. When the movable com-
ponent is in the off position, the driving contact and the
driven contact are in a state of non-contact. When the
movable component is in the on position, the driving con-
tact and the driven contact are in a state of contact. When
the driving contact and the driven contact are switched
from a state of non-contact to a state of contact, the mov-
able component moves from the off position to the on
position through an overshoot position located beyond
the on position.
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Description

FIELD

[0001] The present invention relates to a contact open-
ing and closing device.

BACKGROUND

[0002] There are known contact opening and closing
devices that open and close contacts by moving a driving
contact with respect to a driven contact. For example,
Patent Literature 1 discloses a relay that is a type of con-
tact opening and closing device. With this relay, voltage
is applied to a coil so that a working piece is attracted to
an iron core within the coil. Consequently, when the work-
ing piece moves and presses on the driving contact, the
driving contact touches the driven contact.

CITATION LIST

PATENT LITERATURE

[0003] Patent Literature 1: Japanese Laid-Open Pat-
ent Application 2006-196357

SUMMARY

TECHNICAL PROBLEM

[0004] With the above-mentioned relay, the stroke of
the driving contact is restricted by the gap between the
iron core and the working piece. If there is a large gap
between the iron core and the working piece, a high volt-
age will be needed to move the working piece. In this
case, a problem is that the relay operating voltage is high-
er, so there is a limit to how much the gap between the
iron core and the working piece can be increased. There-
fore, it is not easy to increase the stroke of the driving
contact.
[0005] Meanwhile, it is preferable for the stroke of the
driving contact to be long in order to improve the fusion
resistance of the contacts. This is because even if the
driven contact and the driving contact should be fused,
the driving contact can be easily separated from the driv-
en contact by moving the driving contact far enough. With
the above-mentioned relay, however, the short stroke of
the driving contact makes it difficult to improve the fusion
resistance of the contacts.
[0006] It is also preferable for the stroke of the driving
contact to be long in order to increase the wiping action
of the contacts. The "wiping action of the contacts" means
that the contacts rub against each other when the driving
contact touches the driven contact. This wiping action of
the contacts allows the contacts to be cleaned, which
improves contact reliability. However, with the above re-
lay, since the stroke of the driving contact is short, it is
difficult to improve contact reliability by increasing the

wiping action of the contacts.
[0007] It is an object of the present invention to provide
a contact opening and closing device with which contact
fusion resistance and contact reliability can be improved.

SOLUTION TO PROBLEM

[0008] The contact opening and closing device accord-
ing to one aspect of the present invention includes a driv-
en contact, a driving contact, and a solenoid actuator.
The driving contact is configured to move with respect to
the driven contact. The solenoid actuator includes a mov-
able component configured to move to an off position
and an on position. When the movable component is in
the off position, the driving contact and the driven contact
are in a state of non-contact. When the movable compo-
nent is in the on position, the driving contact and the
driven contact are in a state of contact. When the driving
contact and the driven contact are switched from a state
of non-contact to a state of contact, the movable compo-
nent moves from the off position to the on position through
an overshoot position located beyond the on position.
[0009] With the contact opening and closing device ac-
cording to this aspect, when the driving contact and the
driven contact are switched from a state of non-contact
to a state of contact, the movable component moves to
the on position after moving to an overshoot position that
lies beyond the on position. Therefore, the driving contact
can be moved farther, which means that the fusion re-
sistance of the contacts can be improved. Also, since the
wiping action of the contacts is increased, the contact
reliability of the contacts can be improved.
[0010] Preferably, when the driving contact and the
driven contact are switched from a state of contact to a
state of non-contact, the movable component moves
from the on position to the off position through the over-
shoot position. In this case, the contacts can be cleaned
while being switched to a state of non-contact.
[0011] Preferably, the solenoid actuator further in-
cludes a coil component. The movable component in-
clude a plunger disposed inside the coil component. The
movable component moves in the axial direction of the
plunger, between the off position, the on position, and
the overshoot position. In this case, the stroke of the mov-
able component can be easily lengthened. Consequent-
ly, the fusion resistance of the contacts and the contact
reliability can be easily improved.
[0012] Preferably, the contact opening and closing de-
vice further includes a holding member that holds the
movable component in the on position by latching the
movable component. In this case, the movable compo-
nent will be held in the on position by the holding member
even if no voltage is being applied to the solenoid actu-
ator. Therefore, the contacts can be maintained in a state
of contact even though the voltage to the solenoid actu-
ator is cut off. Consequently, the contact opening and
closing device will consume less power. Also, since the
contacts are kept in a state of contact by having the hold-
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ing member latch the movable component, impact resist-
ance is better than when the contacts are kept in a state
of contact by electromagnetic force from a coil or by elas-
tic force from a spring.
[0013] Preferably, the movable component further in-
cludes a latching member. The latching member is con-
figured to be switched between a latched state of being
latched to the holding member, and an unlatched state
of being unlatched from the holding member. When the
movable component moves from the off position to the
overshoot position, the latching member is switched from
the unlatched state to the latched state. In this case, when
the contacts are switched from a state of non-contact to
a state of contact, the movable component will move from
the off position to the overshoot position, switching the
latching member from the unlatched state to the latched
state. When the movable component reaches the on po-
sition from the overshoot position, the latching member
is in the latched state, so it is latched to the holding mem-
ber. As a result, the movable component is held in the
on position. Consequently, after the contacts have been
switched from the state of non-contact to the state of
contact, the contacts can be maintained in the state of
contact.
[0014] Preferably, when the voltage is applied to the
solenoid actuator in a state in which the movable com-
ponent is in the off position, the solenoid actuator moves
the movable component from the off position to the over-
shoot position. In this case, the movable component is
moved from the off position to the overshoot position,
and the latching member is switched to the latched state,
by applying voltage to the solenoid actuator. Therefore,
even if the voltage to the solenoid actuator is subsequent-
ly cut off, the latching member will be latched to the hold-
ing member and the movable component will be held in
the on position, so the contacts will be maintained in a
state of contact. Thus, when the contacts are in a state
of non-contact, the contacts can be switched to and kept
in a state of contact by applying voltage just once to the
solenoid actuator.
[0015] Preferably, when the movable component
moves from the on position to the overshoot position, the
latching member is switched from the latched state to the
unlatched state. In this case, when the contacts are
switched from a state of contact to a state of non-contact,
the movable component moves from the on position to
the overshoot position, which switches the latching mem-
ber from the latched state to the unlatched state. There-
fore, latching to the latching member by the holding mem-
ber is released, and the movable component is able to
move from the overshoot position to the off position. Con-
sequently, the contacts can be switched from a state of
contact to a state of non-contact.
[0016] Preferably, when voltage is applied to the sole-
noid actuator in a state in which the movable component
is in the on position, the solenoid actuator moves the
movable component from the on position to the overshoot
position. In this case, when voltage is applied to the so-

lenoid actuator while the contacts are in a state of contact,
the movable component moves from the on position to
the overshoot position, which switches the latching mem-
ber to the unlatched state. Therefore, even if voltage to
the solenoid actuator is subsequently cut off, the movable
component will still be able to move from the overshoot
position to the off position. Consequently, the contacts
can be switched from a state of contact to a state of non-
contact. Thus, when the contacts are in a state of contact,
the contacts can be switched to a state of non-contact
by applying voltage just once to the solenoid actuator.
[0017] Preferably, the solenoid actuator further in-
cludes an elastic member. The elastic member biases
the movable component in a direction facing from the on
position toward the off position. In this case, when the
latching member is switched to the unlatched state, al-
lowing the movable component to move from the over-
shoot position to the off position, the movable component
can be moved to the off position by the biasing force of
the elastic member. This allows the contacts to be easily
switched to a state of non-contact.
[0018] Preferably, the solenoid actuator further in-
cludes a main body component including a through-hole.
The movable component is inserted into the through-
hole. The movable component includes a first end and a
second end. The first end protrudes from the main body
component in the axial direction and moves the driving
contact. The second end protrudes from the main body
component in the opposite direction from the first end, in
the axial direction. In this case, since the second end
protrudes from the main body component, the user can
manipulate the second end manually, and can therefore
move the movable component manually by manipulating
the second end. This allows the contact state to be
switched manually.
[0019] Preferably, the movable component further in-
cludes a stroke adjustment member that is attached to
the second end. The external size of the stroke adjust-
ment member is larger than that of the through-hole. In
this case, the stroke of the movable component is re-
stricted by latching the stroke adjustment member to the
main body component. Therefore, the overshoot position
of the movable component can be adjusted by adjusting
the attachment position of the stroke adjustment mem-
ber.
[0020] Preferably, the contact opening and closing de-
vice further includes a movable contact piece that sup-
ports the driving contact. The movable component press-
es on the movable contact piece at a location that is away
from the driving contact. In this case, the fusion resist-
ance and contact reliability of the contacts can be further
improved by bending the movable contact piece.
[0021] Preferably, the contact opening and closing de-
vice further includes a cover member. The cover member
covers the driven contact, the driving contact, and the
solenoid actuator. The cover member includes a window
that is disposed at a position that is opposite at least part
of the movable component. At least part of the movable
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component is visible through the window. In this case,
the position of the movable component can be checked
visually through the window. The contact state is deter-
mined according to the position of the movable compo-
nent. Therefore, the contact state can be easily checked
by checking the position of the movable component
through the window.

ADVANTAGEOUS EFFECTS

[0022] The present invention provides a contact open-
ing and closing device with which the fusion resistance
and contact reliability of contacts can be improved.

BRIEF DESCRIPTION OF DRAWINGS

[0023]

FIG. 1 is an oblique view of the contact opening and
closing device according to an embodiment;
FIG. 2 is a side view of the contact opening and clos-
ing device;
FIG. 3 is a detail view of a solenoid actuator and
contacts;
FIG. 4 is a cross section of the configuration of the
solenoid actuator;
FIG. 5 is an exploded oblique view of the configura-
tion of a movable component;
FIG. 6 is an oblique view of a holding member;
FIG. 7 is a cross section of the holding member;
FIG. 8 is a diagram of the holding member as seen
in the axial direction;
FIG. 9 is a developed view of the inner face of the
holding member;
FIG. 10 is an oblique view of a pressing member;
FIG. 11 is a cross section along the XI-XI line in FIG.
4;
FIG. 12 is an oblique view of a latching member;
FIG. 13 is a cross section along the XIII-XIII line in
FIG. 4;
FIG. 14 is a detail view of part of the pressing member
and the latching member;
FIG. 15 is a diagram of the end of the latching mem-
ber as seen in the off direction;
FIG. 16 consists of developed views of the operation
of holding convex components of the holding mem-
ber, guide grooves, and latching convex compo-
nents of the latching member;
FIG. 17 is a cross section of the configuration of the
solenoid actuator;
FIG. 18 is a cross section of the configuration of the
solenoid actuator;
FIG. 19 consists of developed views of the operation
of the holding convex components of the holding
member, the guide grooves, and the latching convex
components of the latching member;
FIG. 20 is a side view of the contact opening and
closing device according to a first modification ex-

ample;
FIG. 21 is a plan view of the contact opening and
closing device according to a second modification
example;
FIG. 22 is a plan view of the contact opening and
closing device according to a third modification ex-
ample;
FIG. 23 is a plan view of the contact opening and
closing device according to a fourth modification ex-
ample;
FIG. 24 consists of diagrams of the contact opening
and closing device according to a fifth modification
example;
FIG. 25 is a side view of the contact opening and
closing device according to a sixth modification ex-
ample;
FIG. 26 is a side view of the contact opening and
closing device according to a seventh modification
example; and
FIG. 27 consists of plan views of the contact opening
and closing device according to the seventh modifi-
cation example.

DETAILED DESCRIPTION

[0024] The contact opening and closing device accord-
ing to an embodiment will now be described through ref-
erence to the drawings. FIG. 1 is an oblique view of the
contact opening and closing device 1 according to an
embodiment. FIG. 2 is a side view of the contact opening
and closing device 1. The contact opening and closing
device 1 in this embodiment is a latched relay. As shown
in FIGS. 1 and 2, the contact opening and closing device
1 includes a base 2, a driven contact piece 3, a driving
contact piece 4, and a solenoid actuator 5.
[0025] The base 2 supports the driven contact piece
3, the driving contact piece 4, and the solenoid actuator
5. The driven contact piece 3 is made of copper or another
such conductive material. The driven contact piece 3 ex-
tends upward from the base 2. The driven contact piece
3 is connected to a terminal 13 protruding from the base
2. A driven contact 11 is attached to the driven contact
piece 3. The driven contact 11 is supported by the driven
contact piece 3.
[0026] In this embodiment, the direction in which the
solenoid actuator 5 is disposed with respect to the base
2 is called upward, and the opposite direction is called
downward. However, these directional terms are not in-
tended to limit the direction in which the contact opening
and closing device 1 is disposed.
[0027] The driving contact piece 4 is made of copper
or another such conductive material. The driving contact
piece 4 extends upward from the base 2. The driving
contact piece 4 is connected to a terminal 14 protruding
from the base 2. A driving contact 12 is attached to the
driven contact piece 3. The driving contact 12 is support-
ed by the driving contact piece 4. The driving contact 12
is provided movably with respect to the driven contact
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11. More precisely, the driving contact piece 4 elastically
deforms and bends when the solenoid actuator 5 is
pushed against the driving contact piece 4. Consequent-
ly, the driving contact 12 moves toward the driven contact
11. Also, when the driving contact piece 4 is pulled by
the solenoid actuator 5, the driving contact 12 moves
away from the driven contact 11. Alternatively, the driving
contact 12 may be moved away from the driven contact
11 under the elastic force of the driving contact piece 4.
[0028] The solenoid actuator 5 includes a main body
component 21 and a movable component 22. As will be
discussed below, the main body component 21 includes
a through-hole. The movable component 22 is inserted
into this through-hole, and is able to move in the axial
direction of the movable component 22 with respect to
the main body component 21 (hereinafter referred to sim-
ply as "the axial direction").
[0029] The movable component 22 includes a first end
23 and a second end 24. The first end 23 protrudes from
the main body component 21 in the axial direction. The
second end 24 protrudes from the main body component
21 in the opposite direction from that of the first end 23,
in the axial direction.
[0030] The first end 23 is connected to the upper end
of the driving contact piece 4. The driving contact 12 is
moved when the first end 23 moves with respect to the
main body component 21. More precisely, the connection
25 between the first end 23 and the driving contact piece
4 is located more to the distal end side of the driving
contact piece 4 than the driving contact 12. Specifically,
the connection 25 between the first end 23 and the driving
contact piece 4 is located above the driving contact 12.
Therefore, the movable component 22 presses on the
driving contact piece 4 at a position that is above and
away from the driving contact 12.
[0031] FIG. 3 is a detail view of the solenoid actuator
5 and the contacts 11 and 12. As shown in FIG. 3, the
movable component 22 moves in the axial direction be-
tween the off position Poff, the on position Pon, and the
overshoot position Pos. If the movable component 22 is
in the off position Poff, the driving contact 12 and the
driven contact 11 are in a state of non-contact (see FIG.
2). If the movable component 22 is in the on position Pon,
the driving contact 12 and the driven contact 11 are in a
state of contact as shown in FIG. 3.
[0032] In this embodiment, the direction facing toward
the on position Pon from the off position Poff in the axial
direction is called the "on direction." That is, the on di-
rection is a direction facing toward the first end 23 from
the second end 24 in the axial direction. Also, the oppo-
site direction from the on position in the axial direction is
called the "off direction." That is, the off direction is a
direction facing toward the off position Poff from the on
position Pon in the axial direction. In other words, the off
direction is a direction facing toward the second end 24
from the first end 23 in the axial direction.
[0033] If voltage is applied to the solenoid actuator 5
in a state in which the movable component 22 is in the

off position Poff, the movable component 22 moves from
the off position Poff in the on direction, and moves to the
overshoot position Pos beyond the on position Pon.
When the voltage to the solenoid actuator 5 is then cut
off, the movable component 22 moves from the over-
shoot position Pos to the on position Pon, and is held in
the on position Pon. That is, with the contact opening and
closing device 1 according to this embodiment, when the
driving contact 12 and the driven contact 11 are switched
from a state of non-contact to a state of contact, the mov-
able component 22 moves from the off position Poff to
the on position Pon through the overshoot position Pos
beyond the on position Pon.
[0034] Also, when voltage is applied to the solenoid
actuator 5 in a state in which the movable component 22
is in the on position Pon, the movable component 22
moves in the on direction from the on position Pon, and
moves to the overshoot position Pos. When the voltage
to the solenoid actuator 5 is then cut off, the movable
component 22 moves from the overshoot position Pos
to the off position Poff, and is held in the off position Poff.
That is, when the driving contact 12 and the driven con-
tact 11 are switched from a state of contact to a state of
non-contact, the movable component 22 moves from the
on position Pon, through the overshoot position Pos, to
the off position Poff.
[0035] Next, the configuration of the solenoid actuator
5 will be described in detail. FIG. 4 is a cross section of
the configuration of the solenoid actuator 5. FIG. 5 is an
exploded oblique view of the configuration of the movable
component 22.
[0036] As shown in FIG. 4, the main body component
21 includes a first cover member 26, a holding member
27, a case member 28, and a second cover member 29.
The first cover member 26, the holding member 27, the
case member 28, and the second cover member 29 are
disposed aligned in the axial direction. The case member
28 houses a coil 31. The coil 31 is fixed to the case mem-
ber 28. The coil 31 includes a bobbin 32 and a winding
33. The winding 33 is wound around the bobbin 32. The
winding 33 is connected via the wire 16 shown in FIGS.
1 and 2 to a terminal 15 protruding from the base 2.
[0037] The holding member 27 is attached to one end
of the case member 28 in the axial direction. The second
cover member 29 is attached to the other end of the case
member 28 in the axial direction. The second cover mem-
ber 29 includes a through-hole 291, and the second end
24 of the movable component 22 protrudes from the
through-hole 291 of the second cover member 29. A
stroke adjustment member 34 is attached to the second
end 24. The stroke adjustment member 34 has an exter-
nal size that is larger than the through-hole 291 of the
second cover member 29. The first cover member 26 is
attached to the holding member 27. The first cover mem-
ber 26 includes a through-hole 261, and the first end 23
of the movable component 22 protrudes from the
through-hole 261 of the first cover member 26.
[0038] FIG. 6 is an oblique view of the holding member
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27. FIG. 7 is a cross section of the holding member 27.
FIG. 8 is a diagram of the holding member 27 as seen in
the axial direction. As shown in FIGS. 6 and 7, the holding
member 27 includes a through-hole 271. The holding
member 27 also includes a plurality of holding convex
components 35. The holding convex components 35 pro-
trude inward in the radial direction from the inner face of
the holding member 27. The holding convex components
35 extend in the axial direction. The holding convex com-
ponents 35 are disposed aligned in the peripheral direc-
tion of the holding member 27. The holding convex com-
ponents 35 are disposed at regular intervals in the pe-
ripheral direction of the holding member 27. In this em-
bodiment, the holding member 27 includes three holding
convex components 35.
[0039] FIG. 9 is a developed view of the inner face of
the holding member 27. As shown in FIG. 9, the ends of
the holding convex components 35 in the on direction
(upward in FIG. 9) each include a first sloped part 351,
a second sloped part 352, and a stepped part 353. The
first sloped parts 351 and the second sloped parts 352
are sloped with respect to the peripheral direction. The
first sloped parts 351 and the second sloped parts 352
are sloped with respect to the axial direction. The stepped
parts 353 are disposed between the first sloped parts
351 and the second sloped parts 352. The stepped parts
353 extend in the axial direction.
[0040] The inner face of the holding member 27 in-
cludes a plurality of guide grooves 36 and 37. The guide
grooves 36 and 37 extend in the axial direction. The guide
grooves 36 and 37 pass through the holding convex com-
ponents 35 in the axial direction. The guide grooves 36
and 37 are disposed aligned in the peripheral direction.
The guide grooves 36 and 37 are also disposed at regular
intervals in the peripheral direction. In this embodiment,
the holding member 27 includes six guide grooves 36
and 37. More precisely, the guide grooves 36 and 37
consist of three first guide grooves 36 and three second
guide grooves 37. The first guide grooves 36 and the
second guide grooves 37 are disposed in an alternating
pattern in the peripheral direction.
[0041] As shown in FIG. 8, the first guide grooves 36
are disposed at regular intervals in the peripheral direc-
tion. The first guide grooves 36 are disposed between
the holding convex components 35 in the peripheral di-
rection. The second guide grooves 37 are also disposed
at regular intervals in the peripheral direction. The second
guide grooves 37 are provided to the holding convex
components 35. The first guide grooves 36 are deeper
than the second guide grooves 37. That is, the depth of
the first guide grooves 36 in the radial direction of the
holding member 27 is greater than the depth of the sec-
ond guide grooves 37 in the radial direction of the holding
member 27.
[0042] As shown in FIGS. 4 and 5, the movable com-
ponent 22 includes a plunger 41, a pressing member 42,
and a latching member 43. The plunger 41, the pressing
member 42, and the latching member 43 are disposed

aligned in the axial direction. The plunger 41 is disposed
inside the coil 31. More precisely, the plunger 41 is dis-
posed inside a through-hole 321 of the bobbin 32. The
plunger 41 is made of a magnetic material. The above-
mentioned second end 24 is one end of the plunger 41.
[0043] When voltage is applied to the coil 31, an elec-
tromagnetic force acts on the plunger 41 in the on direc-
tion. This causes the movable component 22 to move in
the on direction.
[0044] The pressing member 42 is connected to the
other end of the plunger 41. The pressing member 42 is
disposed in the through-hole 271 of the holding member
27. The pressing member 42 moves in the axial direction
along with the plunger 41. The pressing member 42
presses on the latching member 43 by moving in the on
direction.
[0045] FIG. 10 is an oblique view of the pressing mem-
ber 42. As shown in FIG. 10, the pressing member 42
includes a hole 421. The hole 421 extends in the axial
direction from the end of the pressing member 42. The
end of the pressing member 42 includes a plurality of
sloped parts 44 and 45. The sloped parts 44 and 45 are
disposed around the outside of the hole 421.
[0046] The sloped parts includes a plurality of first
sloped parts 44 and a plurality of second sloped parts
45. The first sloped parts 44 and the second sloped parts
45 are disposed in an alternating pattern in the peripheral
direction of the pressing member 42. The first sloped
parts 44 and the second sloped parts 45 are sloped with
respect to the peripheral direction. The sloping directions
of the first sloped parts 44 and the second sloped parts
45 are opposite to one another.
[0047] More precisely, the first sloped parts 44 slope
in the off direction and counter-clockwise as seen from
the on direction (upward in FIG. 10). The second sloped
parts 45 slope in the on direction and counter-clockwise
as seen from the on direction. In this embodiment, the
pressing member 42 includes six first sloped parts 44.
The pressing member 42 includes six second sloped
parts 45.
[0048] The pressing member 42 includes a plurality of
guide convex components 46. The guide convex com-
ponents 46 protrude from the outer peripheral face of the
pressing member 42. The guide convex components 46
are spaced apart in the peripheral direction of the press-
ing member 42. The guide convex components 46 are
disposed at equidistant intervals in the peripheral direc-
tion of the pressing member 42. The guide convex com-
ponents 46 extend in the axial direction. In this embodi-
ment, the pressing member 42 includes six guide convex
components 46 (see FIG. 11).
[0049] As shown in FIG. 4, the pressing member 42 is
disposed inside the holding member 27. FIG. 11 is a cross
section along the XI-XI line in FIG. 4. As shown in FIG.
11, the guide convex components 46 are disposed in the
guide grooves 36 and 37 of the holding member 27.
Therefore, the pressing member 42 is able to move in
the axial direction within the holding member 27, but ro-
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tation around the axis is prohibited.
[0050] The latching member 43 is a separate member
from the pressing member 42. The latching member 43
is disposed in the through-hole 261 of the first cover mem-
ber 26 and the through-hole 271 of the holding member
27, and is able to move in the axial direction. The latching
member 43 is not fixed to the pressing member 42. There-
fore, the latching member 43 is able to move in the axial
direction with respect to the pressing member 42. Also,
the latching member 43 is able to rotate around the axis
with respect to the pressing member 42.
[0051] FIG. 12 is an oblique view of the latching mem-
ber 43. As shown in FIG. 12, the latching member 43
includes a cylindrical part 47, a latching component 48,
and the above-mentioned first end 23. The first end 23,
the latching component 48, and the cylindrical part 47
are aligned in the axial direction. The latching component
48 is located between the first end 23 and the cylindrical
part 47 in the axial direction. The outside diameter of the
cylindrical part 47 is smaller than the latching component
48. The cylindrical part 47 is inserted into the above-men-
tioned hole 421 of the pressing member 42.
[0052] The outside diameter of the first end 23 is small-
er than the outside diameter of the end of the latching
component 48. Therefore, as shown in FIG. 4, a step 49
is provided between the first end 23 and the latching com-
ponent 48. Also, the inner face of the above-mentioned
first cover member 26 includes a flange 51 that protrudes
inward in the radial direction. The solenoid actuator 5
includes an elastic member 52. In this embodiment, the
elastic member 52 is a coil spring. The elastic member
52 is disposed between the step 49 of the latching mem-
ber 43 and the flange 51 of the first cover member 26.
Consequently, the elastic member 52 biases the latching
member 43 in the off direction.
[0053] The latching component 48 includes a plurality
of latching convex components 53. The latching convex
components 53 protrude from the outer peripheral face
of the latching component 48. The latching convex com-
ponents 53 are spaced apart in the peripheral direction
of the latching component 48. The latching convex com-
ponents 53 are disposed at equidistant intervals in the
peripheral direction of the latching component 48. The
latching convex components 53 extend in the axial direc-
tion. In this embodiment, the latching component 48 in-
cludes three latching convex components 53. The ends
of the latching convex components 53 in the off direction
includes sloped parts 531. The sloped parts 531 are
sloped with respect to the peripheral direction. The
sloped parts 531 of the latching convex components 53
slope in the same direction as the sloped parts 351 and
352 of the holding convex components 35.
[0054] The latching member 43 is disposed so as to
be able to move in the axial direction inside the holding
member 27. FIG. 13 is a cross section along the XIII-XIII
line in FIG. 4. As shown in FIG. 13, the latching convex
components 53 are disposed in the first guide grooves
36 of the holding member 27. The latching convex com-

ponents 53 move in the axial direction, guided by the first
guide grooves 36. Therefore, in a state in which the latch-
ing convex components 53 are located in the first guide
grooves 36, the latching member 43 is able to move in
the axial direction inside the holding member 27, but ro-
tation around the axis is prohibited.
[0055] FIG. 14 is a detail view of part of the pressing
member 42 and the latching member 43. As shown in
FIG. 43, the end of the latching component 48 is disposed
opposite the end of the pressing member 42. FIG. 15 is
a diagram of the end of the latching member 43 as seen
in the off direction. As shown in FIGS. 12, 14, and 15,
the end of the latching component 48 includes sloped
parts 54 and 55. The sloped parts 54 and 55 are disposed
more to the outside in the radial direction than the cylin-
drical part 47. The sloped parts 54 and 55 are located
more to the inside in the radial direction than the latching
convex components 53. The sloped parts 54 and 55 slope
in the peripheral direction of the latching component 48.
The sloped parts 54 and 55 include a plurality of third
sloped parts 54 and a plurality of fourth sloped parts 55.
The third sloped parts 54 and the fourth sloped parts 55
are disposed alternating in the peripheral direction of the
latching component 48. The sloping directions of the third
sloped parts 54 and the fourth sloped parts 55 are oppo-
site to each other. More precisely, the third sloped parts
54 slope in the same direction of the first sloped parts
44, while the fourth sloped parts 55 slope in the same
direction as the second sloped parts 45. In this embodi-
ment, the latching component 48 includes six third sloped
parts 54. The latching component 48 also includes six
fourth sloped parts 55.
[0056] Next, the operation of the solenoid actuator 5
will be described. In FIG. 4, the movable component 22
is located in the off position Poff. In this state, when volt-
age is applied to the solenoid actuator 5, the coil 31 gen-
erates an electromagnetic force in the on direction at the
plunger 41. Consequently, the plunger 41 moves in the
on direction, and the pressing member 42 pushes the
latching member 43 in the on direction against the biasing
force of the elastic member 52. At this point, as shown
in FIG. 14, the first sloped parts 44 of the pressing mem-
ber 42 press on the third sloped parts 54 of the latching
member 43. The first sloped parts 44 and the third sloped
parts 54 are mutually offset in the peripheral direction,
so when the third sloped parts 54 is pushed by the first
sloped parts 44, a force that moves the latching member
43 in the on direction and a force in the sloping direction,
that is, a force that tries to rotate the latching member
43, are exerted on the latching member 43. However, in
this state, as shown in FIG. 13, the latching convex com-
ponents 53 of the latching member 43 are guided by the
first guide grooves 36, and rotation of the latching mem-
ber 43 is prohibited. Therefore, the latching member 43
does not rotate, and moves in the on direction along the
first guide grooves 36.
[0057] FIG. 16 consists of developed views of the op-
eration of the holding convex components 35 of the hold-
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ing member 27, the guide grooves 36 and 37, and the
latching convex components 53 of the latching member
43. As shown in FIG. 14, when the latching member 43
is pushed in the on direction by the pressing member 42,
the latching convex components 53 are guided by the
first guide grooves 36 as shown in FIG. 16A, and the
latching member 43 moves in the on direction (see the
arrow A1).
[0058] Once the latching convex components 53 has
gone past the holding convex components 35 in the on
direction, the above-mentioned restriction of rotation by
the first guide grooves 36 is released. Therefore, as
shown in FIG. 14, the third sloped parts 54 slide along
the first sloped parts 44 (see the arrow A2), causing the
latching member 43 to rotate around the axis. Conse-
quently, as shown in FIG. 16B, the sloped parts 531 of
the latching convex components 53 move to a position
opposite the first sloped parts 351 of the holding convex
components 35 (see the arrow A3). The state of the latch-
ing member 43 at this point is called a latched state.
[0059] Since FIG. 16 is developed views of the inner
face of the holding member 27, the movement direction
of the third sloped parts 54 in FIG. 14, that is, the rotational
direction A2 of the latching member 43, is shown as being
the opposite of the movement direction A3 of the latching
convex components 53 in FIG. 16B.
[0060] From the state shown in FIG. 16B, the pressing
member 42 further pushes the latching member 43, caus-
ing the movable component 22 to move further in the on
direction. As shown in FIG. 17, the stroke adjustment
member 34 attached to the second end 24 then latches
the second cover member 29, causing the movable com-
ponent 22 to stop at the overshoot position Pos.
[0061] When voltage to the solenoid actuator 5 is
stopped, the latching member 43 is moved in the off di-
rection by the biasing force of the elastic member 52. At
this point, the latching member 43 is in the above-men-
tioned latched state. Therefore, as shown in FIG. 16C,
the latching convex components 53 move in the off di-
rection and come into contact with the first sloped parts
351 of the holding convex components 35. The biasing
force of the elastic member 52 then causes the latching
member 43 to be pushed in the off direction, causing the
latching convex components 53 to slide along the first
sloped parts 351 of the holding convex components 35,
and to be latched and stopped by the first sloped parts
351 and the stepped parts 353 (see the arrow A4). In this
state, the movable component 22 is in the on position
Pon. As shown in FIG. 18, even if the pressing member
42 and the plunger 41 then return in the off direction, the
latching member 43 will not move in the off direction be-
cause it is latched to the holding member 27. Conse-
quently, the first end 23 is held in the on position Pon.
[0062] As discussed above, when voltage is applied in
a state in which the movable component 22 is in the off
position Poff, the solenoid actuator 5 moves the movable
component 22 from the off position Poff to the overshoot
position Pos. This move by the movable component 22

from the on position Pon to the overshoot position Pos
switches the latching member 43 to a latched state. When
voltage to the solenoid actuator 5 is then stopped, the
movable component 22 moves to the off position Poff,
and the latching member 43 latches the holding member
27 and is held in the on position Pon.
[0063] As shown in FIG. 18, in a state in which the
movable component 22 is in the on position Pon, if volt-
age is then applied to the solenoid actuator 5, the coil 31
generates electromagnetic force in the on direction at the
plunger 41. Consequently, the plunger 41 moves in the
on direction, and the pressing member 42 pushes the
latching member 43 in the on direction from the on posi-
tion Pon against the biasing force of the elastic member
52. Consequently, the latching convex components 53
moves in the on direction (see the arrow A5) as shown
in FIG. 19A.
[0064] When the latching convex components 53 go
past the stepped parts 353 of the holding convex com-
ponents 35 in the on direction, as shown in FIG. 19B, just
as with the above-mentioned latching member 43, the
latching member 43 rotates around the axis, causing the
sloped parts 531 of the latching convex components 53
to move to a position opposite the second sloped parts
352 of the holding convex components 35 (see the arrow
A6). The state of the latching member 43 at this point is
called an unlatched state.
[0065] Then, when the voltage to the solenoid actuator
5 is stopped, the latching member 43 is pushed in the off
direction by the biasing force of the elastic member 52.
Consequently, as shown in FIG. 19C, the sloped parts
531 of the latching convex components 53 slide along
the second sloped parts 352 of the holding convex com-
ponents 35 and move to a position opposite the first guide
grooves 36. The latching convex components 53 then
move in the off direction along the first guide grooves 36.
Consequently, the latching member 43 moves in the off
direction, and the movable component 22 returns to the
off position Poff.
[0066] As discussed above, when voltage is applied in
a state in which the movable component 22 is in the on
position Pon, the solenoid actuator 5 moves the movable
component 22 from the on position Pon to the overshoot
position Pos. This move by the movable component 22
from the on position Pon to the overshoot position Pos
switches the latching member 43 to the unlatched state.
When voltage to the solenoid actuator 5 is then stopped,
the movable component 22 moves in the off direction and
thereby moves to the off position Poff.
[0067] The contact opening and closing device 1 ac-
cording to this embodiment has the following character-
istics.
[0068] When the driving contact 12 and the driven con-
tact 11 are switched from a state of non-contact to a state
of contact, as shown in FIG. 3, the movable component
22 moves to the on position Pon only after first moving
to the overshoot position Pos, which lies beyond the on
position Pon. Therefore, the driving contact 12 can be
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moved a long distance, so even if the contacts should
become fused, they can still be easily pulled apart. Con-
sequently, the fusion resistance of the contacts can be
improved even in high-load opening and closing in which
there is a large amount of rush current.
[0069] Also, since the contact wiping action can be in-
creased, there is a good contact cleaning action. This
improves the reliability with which the contacts make con-
tact.
[0070] When the driving contact 12 and the driven con-
tact 11 are switched from a state of contact to a state of
non-contact, the movable component movable compo-
nent 22 moves from the on position Pon, through the
overshoot position Pos, to the off position Poff. Accord-
ingly, the contacts can be put in a state of non-contact
after being activated. This allows the contacts to be
cleaned.
[0071] The solenoid actuator 5 holds the movable com-
ponent 22 in the on position Pon by having the latching
member 43 latch the holding member 27. Therefore, the
movable component 22 can be held in the on position
Pon even if no voltage is applied to the solenoid actuator
5. Accordingly, the contacts are maintained in a state of
contact even if the voltage to the solenoid actuator 5 is
stopped. Also, the movable component 22 is held in the
off position Poff by the biasing force of the elastic member
52. Therefore, even though no voltage is being applied
to the solenoid actuator 5, the movable component 22
can be held in the off position Poff. Accordingly, the con-
tacts can be maintained in a state of non-contact even
though the voltage to the solenoid actuator 5 is stopped.
[0072] As discussed above, with the contact opening
and closing device 1 according to this embodiment, every
time a pulse signal is inputted to the solenoid actuator 5,
the contacts are switched between a state of contact and
a state of non-contact. If no signal is inputted, the contacts
are maintained in their current state. Therefore, the state
of the contacts can be maintained even if the application
of voltage to the solenoid actuator 5 is not maintained.
This reduces the power consumption of the contact open-
ing and closing device 1.
[0073] Also, since the contacts are maintained in a
state of contact by latching the holding member 27 and
the latching member 43, impact resistance is better than
when the contacts are maintained in a state of contact
by elastic force with a spring or by electromagnetic force
with a coil.
[0074] The second end 24 protrudes from the main
body component 21 in the opposite direction from the
first end 23, in the axial direction. Therefore, the movable
component 22 can be moved manually by manipulating
the second end 24. Specifically, the movable component
22 can be switched from the on position Pon to the off
position Poff by manually moving the second end 24 in
the on direction. Consequently, the contacts can be man-
ually switched between a state of contact and a state of
non-contact.
[0075] The stroke of the movable component 22 can

be adjusted by adjusting the attachment position of the
stroke adjustment member 34 at the second end 24. This
allows the amount of overshoot of the movable compo-
nent 22 to be adjusted. For example, if the amount of
overshoot is to be made smaller, the stroke adjustment
member 34 should be moved in the on direction (to the
left in FIG. 4). If the amount of overshoot is to be made
larger, the stroke adjustment member 34 should be
moved in the off direction (to the right in FIG. 4).
[0076] An embodiment of the present invention was
described above, but the present invention is not limited
to or by the above embodiment, and various modifica-
tions are possible without departing from the gist of the
invention.
[0077] The contact opening and closing device 1 ac-
cording to the above embodiment is a relay, but the
present invention may be applied to a switch or some
other such device.
[0078] The configuration of the solenoid actuator 5 is
not limited to that in the above embodiment, and may be
modified. For example, the elastic member 52 may be
omitted. In this case, a restoration force that returns the
contacts to a state of non-contact can be obtained, for
example, by means of the elastic force of the driving con-
tact piece 4. The stroke adjustment member 34 may be
omitted. The second end 24 need not protrude from the
main body component 21. That is, the second end 24
may be disposed inside the main body component 21.
[0079] The shape latching member 43 and the holding
member 27 may be modified. The number of the latching
convex components 53, the holding convex components
35, and the guide grooves may also be changed. Also,
the number of the first sloped parts 351 and the second
sloped parts 352 of the pressing member 42, and the
third sloped parts 54 and the fourth sloped parts 55 of
the latching member 43 may be changed.
[0080] The configuration of the contact opening and
closing device 1 may be modified. For instance, the
number of the driven contact 11 and the driving contact
12 is not limited to one each, and there may be two or
more of each. The configuration related to the driven con-
tact piece 3 and the driving contact piece 4 is not limited
to the configuration in the above embodiment, and may
be modified.
[0081] FIG. 20 is a side view of the contact opening
and closing device 1a according to a first modification
example. As shown in FIG. 20, the movable component
22 of the solenoid actuator 5 may push the portion of the
driving contact piece 4 between the driving contact 12
and a connected part 61 with the base 2.
[0082] FIG. 21 is a plan view of the contact opening
and closing device 1 b according to a second modification
example. As shown in FIG. 21, the driving contact piece
4 and the driven contact piece 3 may extend in a direction
that is perpendicular to the up and down direction. In
other words, the driving contact piece 4 and the driven
contact piece 3 may extend along the surface of the base
2. With the contact opening and closing device 1b ac-
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cording to the second modification example, the movable
component 22 of the solenoid actuator 5 pushes a portion
of the driving contact piece 4 that is further to the distal
end side than the driving contact 12.
[0083] FIG. 22 is a plan view of the contact opening
and closing device 1c according to a third modification
example. As shown in FIG. 22, the movable component
22 of the solenoid actuator 5 may push the portion of the
driving contact piece 4 between the driving contact 12
and the connected part 61 with the base 2. The rest of
the configuration of the contact opening and closing de-
vice 1 c according to the third modification example is
the same as that of the contact opening and closing de-
vice 1 b according to the second modification example.
[0084] FIG. 23 is a plan view of the contact opening
and closing device 1d according to a fourth modification
example. As shown in FIG. 23, the contact opening and
closing device 1d FIG. 23 according to the fourth modi-
fication example includes a first driven contact 11 a, a
second driven contact 11 b, a first driving contact 12a,
and a second driving contact 12b. The first driving contact
12a and the second driving contact 12b are attached to
the driving contact piece 4. The driving contact piece 4
is not attached to the base 2, and is supported by the
movable component 22 of the solenoid actuator 5. The
movable component 22 pushes the portion of the driving
contact piece 4 between the first driving contact 12a and
the second driving contact 12b. The solenoid actuator 5
moves the entire driving contact piece 4 in the axial di-
rection. Consequently, the opening and closing of the
first driven contact 11 a and the first driving contact 12a,
and the opening and closing of the second driven contact
11 b and the second driving contact 12b are switched.
[0085] FIG. 24A is a plan view of the contact opening
and closing device 1e according to a fifth modification
example. FIG. 24B is a side view of the contact opening
and closing device 1 e according to the fifth modification
example. As shown in FIGS. 24A and 24B, the contact
opening and closing device 1e according to the fifth mod-
ification example includes a plurality of driven contacts
11, a plurality of driving contacts 12, and a plurality of
driving contact pieces 4. In FIG. 24, only some of the
driven contacts 11 and the driving contacts 12 are labeled
11 and 12, and the rest are not. The driving contact pieces
4 are connected to a link member 62, and the movable
component 22 of the solenoid actuator 5 moves the link
member 62. Consequently, the contacts 11 and 12 are
opened and closed when the driving contact pieces 4 all
move at the same time.
[0086] FIG. 25 is a side view of the contact opening
and closing device 1f according to a sixth modification
example. The contact opening and closing device 1f ac-
cording to the sixth modification example includes a first
support 63 and a second support 64. The first support
63 is disposed on the base 2. The second support 64 is
pivotably attached to the first support 63 via a hinge 65.
The driving contact 12 is supported by the second support
64. The movable component 22 of the solenoid actuator

5 moves the driving contact 12 by moving the second
support 64. This switches between a state of contact in
which the driving contact 12 is touching the first driven
contact 11 a, and a state of non-contact in which the
driving contact 12 is not touching the first driven contact
11 a. In a state of non-contact, the driving contact 12 is
touching the second driven contact 11 b.
[0087] FIG. 26 is a side view of the contact opening
and closing device 1g according to a seventh modifica-
tion example. FIG. 27 consists of plan views of the contact
opening and closing device 1g according to the seventh
modification example. As shown in FIG. 26, the contact
opening and closing device 1g further includes a cover
member 66. The cover member 66 covers the driven con-
tact 11, the driving contact 12, and the solenoid actuator
5. As shown in FIG. 27, the cover member 66 includes
a window 67. The window 67 is disposed at a location
opposite at least part of the movable component 22. The
window 67 is formed from a transparent material, for ex-
ample, so that at least part of the movable component
22 can be seen through the window 67. The part of the
cover member 66 other than the window 67 is preferably
opaque. The color of the movable component 22 is pref-
erably different from the color of the base 2 or the main
body component 21.
[0088] With the contact opening and closing device 1g
according to the seventh modification example, the loca-
tion of the movable component 22 can be visually con-
firmed through the window 67. The contact state is de-
termined according to the location of the movable com-
ponent 22. For instance, FIG. 27A shows the movable
component 22 in the off position Poff. In this case, the
user can confirm that the contacts are in a state of non-
contact. FIG. 27C shows the movable component 22 in
the on position Pon. In this case, the user can confirm
that the contacts are in a state of contact. FIG. 27B shows
the movable component 22 in the overshoot position Pos.
Thus, the user can easily confirm the contact state by
confirming the location of the movable component 22
through the window 67.

INDUSTRIAL APPLICABILITY

[0089] The present invention provides a contact open-
ing and closing device with which contact fusion resist-
ance and contact reliability can be improved.

REFERENCE SIGNS LIST

[0090]

11 driven contact
12 driving contact
5 solenoid actuator
31 coil
41 plunger
27 holding member
43 latching member
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21 main body component
23 first end
24 second end
34 stroke adjustment member
66 cover member

Claims

1. A contact opening and closing device, comprising:

a driven contact;
a driving contact configured to move with re-
spect to the driven contact; and
a solenoid actuator including a movable compo-
nent, the movable component configured to
move between an off position and an on position,
the off position in which the driving contact and
the driven contact are in a state of non-contact,
the on position in which the driving contact and
the driven contact are in a state of contact,
wherein, when the driving contact and the driven
contact are switched from a state of non-contact
to a state of contact, the movable component
moves from the off position to the on position
through an overshoot position located beyond
the on position.

2. The contact opening and closing device according
to Claim 1,
wherein, when the driving contact and the driven
contact are switched from a state of contact to a state
of non-contact, the movable component moves from
the on position to the off position through the over-
shoot position.

3. The contact opening and closing device according
to Claim 1 or 2,
wherein the solenoid actuator further includes a coil
component,
the movable component includes a plunger disposed
inside the coil component, and
the movable component moves in an axial direction
of the plunger, between the off position, the on po-
sition, and the overshoot position.

4. The contact opening and closing device according
to Claim 3, further comprising:

a holding member holding the movable compo-
nent in the on position by latching the movable
component.

5. The contact opening and closing device according
to Claim 4,
wherein the movable component further includes a
latching member,
the latching member is configured to be switched

between a latched state of being latched to the hold-
ing member, and an unlatched state of being un-
latched from the holding member, and
when the movable component moves from the off
position to the overshoot position, the latching mem-
ber is switched from the unlatched state to the
latched state.

6. The contact opening and closing device according
to Claim 5,
Wherein, when the voltage is applied to the solenoid
actuator in a state in which the movable component
is in the off position, the solenoid actuator moves the
movable component from the off position to the over-
shoot position.

7. The contact opening and closing device according
to Claim 5 or 6,
Wherein, when the movable component moves from
the on position to the overshoot position, the latching
member is switched from the latched state to the
unlatched state.

8. The contact opening and closing device according
to Claim 7,
Wherein, when voltage is applied to the solenoid ac-
tuator in a state in which the movable component is
in the on position, the solenoid actuator moves the
movable component from the on position to the over-
shoot position.

9. The contact opening and closing device according
to Claim 7 or 8,
wherein the solenoid actuator further includes an
elastic member that biases the movable component
in a direction facing from the on position toward the
off position.

10. The contact opening and closing device according
to any of Claims 5 to 9,
wherein the solenoid actuator further includes a main
body component including a through-hole into which
the movable component is inserted, and
the movable component includes:

a first end protruding from the main body com-
ponent in the axial direction, the first end being
configured to move the driving contact; and
a second end protruding from the main body
component in an opposite direction from the first
end, in the axial direction.

11. The contact opening and closing device according
to Claim 10,
wherein the movable component further includes a
stroke adjustment member attached to the second
end, and
an external size of the stroke adjustment member is
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larger than that of the through-hole.

12. The contact opening and closing device according
to any of Claims 1 to 11, further comprising:

a driving contact piece supporting the driving
contact,
wherein the movable component presses on the
driving contact piece at a location that is away
from the driving contact.

13. The contact opening and closing device according
to any of Claims 1 to 12, further comprising:

a cover member covering the driven contact, the
driving contact, and the solenoid actuator,
wherein the cover member includes a window
disposed at a position that is opposite at least
part of the movable component, and
at least part of the movable component is visible
through the window.
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