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Description
BACKGROUND
1. Technical Field

[0001] The presentdisclosurerelatesto electromagnet
devices and electromagnetic relays and more particularly
relates to an electromagnet device including an armature
and a spring and also relates to an electromagnetic relay
including the electromagnet device.

2. Description of the Related Art

[0002] Patent Literature (PTL) 1 discloses one exam-
ple of an electromagnetic relay including an electromag-
net device that drives an armature.

[0003] The electromagnet device disclosed in PTL 1
includes a coil, an iron core, a yoke, an armature, and a
hinge spring. The hinge spring is formed in the shape of
arectangle as viewed from the front and in the shape of
the inverted letter "L" as viewed from the side and is dis-
posed so as to contact the yoke and bias the armature.

Citation List

Patent Literature

[0004] PTL 1: Japanese Patent No. 6433706
SUMMARY
[0005] With the conventional hinge spring, for exam-

ple, when the electromagnetic relay falls, the electromag-
netic relay may deform and malfunction due to unintend-
ed movement of the armature.

[0006] An object of the present disclosure is to provide
an electromagnet device and an electromagnetic relay
in which a spring is less likely to deform even in the event
of a fall or the like.

[0007] An electromagnet device according to one as-
pect of the present disclosure includes: a coil; an iron
core extending along a central axis of the coil and being
disposed inside the coil; a coil bobbin on which the coil
is wound; a yoke held on the coil bobbin and including a
portion extending along the central axis of the coil; an
armature coupled to the yoke and configured to come
into contact with or move apart from an upper surface of
the iron core; and a spring configured to cause the ar-
mature in contact with the upper surface of the iron core
to move apart from the upper surface of the iron core,
wherein the spring includes: afirstarm portion contacting
the yoke and extending along the central axis of the coil;
a second arm portion contacting the armature and ex-
tending from an upper end of the first arm portion to be
directed away from the iron core; and a protruding portion
protruding from at least one of the first arm portion or the
second arm portion so as to be atleast partially positioned
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above an upper surface of the armature.

[0008] An electromagnetic relay according to one as-
pect of the present disclosure includes: the electromag-
net device; a first fixed contact; and a movable contactor
including a first movable contact configured to come into
contact with or move apart from the first fixed contact.
The movable contactor causes the first movable contact
to come into contact with or move apart from the first
fixed contact according to movement of the armature.
[0009] In the electromagnet device and the electro-
magnetic relay according to the present disclosure, the
spring is less likely to deform even in the event of a fall
or the like.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Fig. 1 is an exploded perspective view of an electro-
magnetic relay according to an exemplary embodi-
ment;

Fig. 2 is a side cross-sectional view of the electro-
magnetic relay;

Fig. 3 is a perspective view of the electromagnetic
relay;

Fig. 4 is a perspective view of a spring of an electro-
magnetdeviceincluded in the electromagnetic relay;
Fig. 5 is a perspective view of main components of
the electromagnetic relay when an armature is sep-
arate from the upper surface of an iron core;

Fig. 6 is a perspective view of the main components
of the electromagnetic relay when the armature is in
contact with the upper surface of the iron core;

Fig. 7 is a side view of the main components of the
electromagnetic relay when the armature is in con-
tact with the upper surface of the iron core;

Fig. 8 is an enlarged view of a spring portion in a
cross-sectional view of main components of the elec-
tromagnetic relay;

Fig. 9 is a top view of main components of the elec-
tromagnetic relay;

Fig. 10 is a perspective view of a spring included in
an electromagnetic relay according to Variation 1;
Fig. 11 is a perspective view of main components of
the electromagnetic relay when an armature is sep-
arate from the upper surface of an iron core;

Fig. 12 is a top view of main components of the elec-
tromagnetic relay;

Fig. 13 is an exploded perspective view of an elec-
tromagnetic relay according to Variation 2;

Fig. 14 is a cross-sectional view of the electromag-
netic relay;

Fig. 15 is a perspective view of the electromagnetic
relay;

Fig. 16 is a perspective view of a spring included in
the electromagnetic relay;

Fig. 17 is a perspective view of main components of
the electromagnetic relay when an armature is sep-
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arate from the upper surface of an iron core;

Fig. 18 is a top view of main components of the elec-
tromagnetic relay;

Fig. 19 is a perspective view of a spring included in
an electromagnetic relay according to Variation 3;
and

Fig. 20 is a perspective view of main components of
the electromagnetic relay when an armature is sep-
arate from the upper surface of an iron core.

DETAILED DESCRIPTIONS
(1) Exemplary Embodiment

[0011] Hereinafter, an electromagnet device and an
electromagneticrelay according to an exemplary embod-
iment will be described with reference to the drawings.
Note that the following exemplary embodiment is merely
one of various exemplary embodiments of the present
disclosure. Various changes can be made to the following
exemplary embodiment according to the design or the
like as long as the object of the present disclosure can
be achieved. Furthermore, each figure described in the
following exemplary embodiment is a schematic dia-
gram, meaning that the ratio between the sizes of struc-
tural elements in each figure and the ratio between the
thicknesses of structural elements in each figure do not
necessarily reflect an actual dimension ratio.

[0012] Electromagnetic relay 1 according to the
presentexemplary embodimentis mounted on an electric
vehicle and connected to an electrical circuit that con-
nects a load and a battery for travel of the electric vehicle,
for example. According to a control signal from an elec-
tronic control unit (ECU) of the electric vehicle, for exam-
ple, electromagnetic relay 1 enables or disables the elec-
trical connection between the load and the battery for
travel and thus switches the state of direct-current power
feeding from the battery for travel to the load.

[0013] As illustrated in Fig. 1 and Fig. 2, electromag-
netic relay 1 according to the present exemplary embod-
iment includes electromagnet device 2, contact device
3, first cover 11, second cover 12, and intermediate case
13. Electromagnet device 2 drives contact device 3 by
an electromagnetic force. First cover 11 combined with
second cover 12 houses electromagnet device 2 and
contact device 3. Intermediate case 13 houses contact
device 3. First cover 11, second cover 12, and interme-
diate case 13 constitute housing 10 which holds (in this
case, houses) electromagnet device 2 and contact de-
vice 3.

[0014] In the following description, for the sake of con-
venience, the direction in which iron core 2 of electro-
magnet device 2 extends is defined as the vertical direc-
tion, an area on the armature 25 (first portion 251) side
as viewed from iron core 22 is defined as up/top, and an
area on the iron core 22 side as viewed from armature
25 (first portion 251) is defined as low/bottom. The direc-
tion in which electromagnet device 2 and contact device
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3 are arranged is defined as the horizontal direction, an
area on the contact device 3 side as viewed from elec-
tromagnet device 2 is defined as right, and an area on
the electromagnet device 2 side as viewed from contact
device 3 is defined as left. The direction in which a pair
of fixed contacts 31, 32 of contact device 3 are arranged
is defined as the depth direction, an area on the fixed
contact 31 side as viewed from fixed contact 32 is defined
as front, and an area on the fixed contact 32 side as
viewed from fixed contact 31 is defined as back.

[0015] First, electromagnet device 2 according to the
present exemplary embodiment will be described with
reference to the drawings.

[0016] As illustrated in Fig. 1, electromagnet device 2
includes coil 21, iron core 22, coil bobbin 23, yoke 24,
armature 25, spring 26, and two coil terminals 27.
[0017] Coil 21 is a conducting wire wound on coil bob-
bin 23. The shape of coil bobbin 23 is the form of a cyl-
inder. Iron core 22 extends along the central axis of coil
21 (vertically) and is disposed inside coil 21. A portion of
iron core 22 is inserted into coil bobbin 23.

[0018] Yoke 24 includes portion (first portion) 241 ex-
tending along the central axis of coil 21. First portion 241
is in the form of a vertically extending plate. Yoke 24
further includes second portion 242 extending from one
end (the lower end) of first portion 241 at a substantially
right angle (to the left). Yoke 24 is in the approximate
shape of the letter "L". Yoke 24 is held on coil bobbin 23.
Yoke 24 forms a part of a magnetic circuit through which
the magnetic flux produced at coil 21 passes.

[0019] Armature 25 is coupled to yoke 24 and comes
into contact with or moves apart from upper surface 22a
of iron core 22. More specifically, armature 25 is coupled
to (the upper end of)first portion 241 of yoke 24. Armature
25 includes: first portion 251 which is an armature body;
and second portion 252 which is a card part. First portion
251 of armature 25 is in the form of a plate. First portion
251 is disposed at a position opposite to upper surface
22a of iron core 22. Second portion 252 of armature 25
is in the form of arod. Second portion 252 protrudes from
first portion 251 toward contact device 3. More specifi-
cally, second portion 252 protrudes toward contact de-
vice 3 from the depthwise center of the right side surface
of first portion 251. Armature 25 is supported on yoke 24
and can rotate about a section thereof supported on yoke
24,

[0020] Spring 26 is configured so as to cause armature
25 in contact with upper surface 22a of iron core 22 to
move apart from upper surface 22a ofiron core 22. Spring
26 is attached to span between armature 25 and yoke 24.
[0021] Two coil terminals 27 are electrically connected
to coil 21. Two coil terminals 27 pass through through-
holes formed in second cover 12 and extend to the out-
side of second cover 12 (refer to Fig. 3).

[0022] In the state where coil 21 is not energized, ar-
mature 25 maintains the posture of first portion 251 being
separate from iron core 22 by the elastic force of spring
26 (refer to Fig. 2 and Fig. 5). Hereinafter, this posture
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of armature 25 will be referred to as "the first posture”.
In the state where armature 25 has the first posture, con-
tact device 3 is in an open state. The open state refers
to a state where the pair of fixed contacts 31, 32 and the
pair of movable contacts 41, 42 of movable contactor 4
are separate from each other and no electric power is
supplied to the load. The position of movable contactor
4 when contact device 3 is in the open state will be re-
ferred to as an open position.

[0023] When coil 21 is energized through two coil ter-
minals 27, armature 25 is rotated by an electromagnetic
attractive force generated between armature 25 and iron
core 22, and armature 25 comes into contact with iron
core 22 (refer to Fig. 6 and Fig. 7). Specifically, first por-
tion 251 of armature 25 comes into contact with iron core
22. At this time, along with the rotation of armature 25,
spring 26 deforms elastically. Hereinafter, this posture of
armature 25 will be referred to as "the second posture”.
[0024] The rotational force of armature 25 acts on mov-
ing body 5, which will be described later, of contact device
3 and causes moving body 5 to move (upward). With this,
contact device 3 transitions from the open state into a
closed state. The closed state refers to a state where the
pair of fixed contacts 31, 32 and the pair of movable con-
tacts 41, 42 of movable contactor 4 are in contact and
electric power is supplied to the load via the pair of fixed
contacts 31, 32. The position of movable contactor 4
when contact device 3 is in the closed state will be re-
ferred to as a closed position.

[0025] When the state where coil 21 is energized tran-
sitions into the state where coil 21 is not energized, the
magnetic attractive force generated between armature
25 and iron core 22 is lost, and armature 25 is rotated by
the elastic force of spring 26 so as to move apart from
iron core 22. Thus, armature 25 assumes the first posture
(refer to Fig. 2 and Fig. 5). Furthermore, the rotational
force of armature 25 acts on moving body 5 of contact
device 3 and causes moving body 5 to move in the di-
rection (downward) opposite to the aforementioned di-
rection. Thus, movable contactor 4 of contact device 3
moves from the closed position to the open position, and
contact device 3 transitions from the closed position to
the open position. In other words, the state of contact
device 3 changes between the open state and the closed
state according to whether coil 21 is energized.

[0026] Spring 26 is formed, for example, by cutting and
bending one metal plate.

[0027] As illustrated in Fig. 4, spring 26 includes first
arm portion 261, second arm portion 262, third arm por-
tion 263, and protruding portions 264. Spring 26 includes
two protruding portions 264. A vertically extending flat
plate-shaped portion of spring 26 is first arm portion 261.
A portion extending in a curve at an acute angle from the
upper end of first arm portion 261 that is located inward
in the width direction thereof is second arm portion 262.
A portion substantially perpendicularly extending in a
curve from positions on the upper end of first arm portion
261 that are located outside in the width direction thereof
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is third arm portion 363. Two portions located in areas
near the lower ends of third arm portion 263 that are
located outside in the width direction thereof and protrud-
ing outward in the width direction (to the front and the
back) are protruding portions 264.

[0028] As illustrated in Fig. 4, first arm portion 261 in-
cludes two hook portions 261a and one void portion 261b.
[0029] Void portion 261b is a slit formed at the depth-
wise center of first arm portion 261 and extending across
the entire vertical length of first arm portion 261. Firstarm
portion 261 is divided by void portion 261b into two por-
tions that are a first portion in the shape of a plate located
at the front and a second portion in the shape of a plate
located at the back.

[0030] Hook portion261ais formed by cutting and rais-
ing a portion of a flat plate-shaped member included in
first arm portion 261. Hook portion 261a extends diago-
nally upward to the right from the base of the cut and
raised portion. Two hook portions 261a are formed, one
each on the first portion and the second portion.

[0031] In each of the first portion and the second por-
tion of first arm portion 261, notch 261c extending down-
ward from the upper end of first arm portion 261 is formed
further out from the depthwise center.

[0032] As illustrated in Fig. 5, first arm portion 261 is
in contact with (first portion 241 of) yoke 24 and extends
along the central axis of coil 21.

[0033] As illustrated in Fig. 5, second arm portion 262
is in contact with armature 25 and extends from the upper
end of first arm portion 261 so as to be directed away
from iron core 22.

[0034] As illustrated in Fig. 4, second arm portion 262
extends diagonally downward to the right from the upper
end of first arm portion 261. Second arm portion 262 ex-
tends from a portion of the upper end of first arm portion
261 that is further inward than notches 261c.

[0035] Second arm portion 262 contacts (second por-
tion 252) of armature 25 asillustrated in Fig. 5 and thereby
applies, to armature 25, a force acting in a direction in
which armature 25 moves apart from upper surface 22a
of iron core 22. In other words, second arm portion 262
applies, to armature 25, a force acting in a direction in
which armature 25 is rotated from the second posture
(refer to Fig. 6) to the first posture (refer to Fig. 5).
[0036] Second arm portion 262 includes void portion
262a. Void portion 262a is a cutout formed at the depth-
wise center of the left end of second arm portion 262 (the
boundary between first arm portion 261 and second arm
portion 262). With void portion 262a, second arm portion
262 is in the shape of the letter "C" as viewed from the
top. Void portion 262a of second arm portion 262 is con-
nected to void portion 261b of first arm portion 261.
[0037] As illustrated in Fig. 5, third arm portion 263 is
located above upper surface 25a of armature 25 and ex-
tends from the upper end of first arm portion 261 in the
direction opposite to the direction in which second arm
portion 262 extends. Third arm portion 263 does not con-
tact and is separate from upper surface 25a of armature
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25.

[0038] As illustrated in Fig. 4, third arm portion 263
extends diagonally upward to the left from the upper end
of first arm portion 261. Third arm portion 263 is in the
shape of the letter "C" as viewed from the top. Third arm
portion 263 extends from a portion of the upper end of
firstarm portion 261 thatis located further out from notch-
es 261c.

[0039] Third arm portion 263 is mainly used to hold the
coupling between armature 25 and yoke 24. With third
arm portion 263, even when armature 25 is lifted up from
yoke 24, armature 25 can be kept from being lifted from
yoke 24 to an excessive height.

[0040] Third arm portion 263 includes bent portion
2630 at a position connected to first arm portion 261.
Bentportion 2630 is in the approximate shape of the letter
"L" as viewed from the front. Bent portion 2630 includes:
first portion 263a extending along upper surface 25a of
armature 25; and second portion 263b extending upward
from first portion 263a. Thus, third arm portion 263 in-
cludes, at a position above upper surface 25a of armature
25a, a portion (second portion 263b) extending in a di-
rection crossing (substantially orthogonal to) upper sur-
face 25a of armature 25.

[0041] As illustrated in Fig. 5, second portion 252 of
armature 25 is disposed in void portion 261b of first arm
portion 261 in spring 26.

[0042] As illustrated in Fig. 4, protruding portion 264
protrudes in a direction (the width direction; the depth
direction) crossing the direction in which first arm portion
261 extends. Protruding portion 264 protrudes in a direc-
tion substantially orthogonal to the direction in which first
arm portion 261 extends. Protruding portion 264 is locat-
ed above upper surface 25a of armature 25. Protruding
portion 264 is provided on third arm portion 263. Protrud-
ing portion 264 is provided on third arm portion 263, in
an area near the boundary between first arm portion 261
and third arm portion 263.

[0043] Protruding portion 264 includes: first section
264a extending along upper surface 25a of armature 25;
and second section 264b extending upward from first
section 264a. In protruding portion 264, a horizontally
extending portion is first section 264a, and a vertically
extending portion is second section 264b. First section
264a faces upper surface 25a of armature 25. Second
section 264b extends so as to cross (be substantially
orthogonal to) upper surface 25a of armature 25.
[0044] In this example, first section 264a is provided
on first portion 263a of bent portion 2630 of third arm
portion 263 and protrudes from first portion 263a in the
depth direction. Second section 264b is provided on sec-
ond portion 263b of bent portion 2630 of third arm portion
263 and protrudes from second portion 263b in the depth
direction.

[0045] Asillustratedin Fig. 8, spring 26 is fixed in place
between yoke 24 and bottom wall portion 131 of inter-
mediate case 13 when hook portion 261a of first arm
portion 261 comes into contact with recess 132 formed
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in the left side of bottom wall portion 131 of intermediate
case 13. Furthermore, as a result of hook portion 261a
coming into contact with recess 132 (particularly, the up-
per inner side surface of recess 132) of bottom wall por-
tion 131 of intermediate case 13, spring 26 is prevented
from moving upward.

[0046] Advantageous effects of protruding portion 264
will be described in comparison with the conventional
electromagnetic relay. In the conventional electromag-
netic relay, the spring does not include the protruding
portion, as compared to electromagnetic relay 1 accord-
ing to the exemplary embodiment. Furthermore, in the
conventional electromagnetic relay, the third arm portion
of the spring does not include the bent portion, as com-
pared to electromagnetic relay 1 according to the exem-
plary embodiment. Note that in both electromagnetic re-
lay 1 according to the exemplary embodiment and the
conventional electromagnetic relay, armature 25 is cou-
pled to yoke 24 by being pressed (down) against yoke
24 by the elastic force of second arm portion 262 of spring
26 in such a manner as to be able to rotate between the
first posture and the second posture.

[0047] In the event of a fall or the like of the conven-
tional electromagnetic relay, rapid upward movement of
armature 25 may occur due to, for example, impact of
the fall. When armature 25 moves rapidly upward, a large
force may be exerted on a portion of the spring that is in
contact with armature 25 (particularly, the second arm
portion that contacts the second portion 252 of armature
25), and the spring (the second arm portion) may deform.
If the spring (the second arm portion) deforms significant-
ly, for example, if the spring (the second arm portion)
deforms until the first arm portion and the second arm
portion form an obtuse angle, the spring (the second arm
portion) may become unable to apply a sufficient force
(a force acting in a direction in which armature 25 is ro-
tated from the second posture to the first posture) to ar-
mature 25.

[0048] In contrast, as illustrated in Fig. 5 and Fig. 9, in
electromagnetic relay 1 according to the exemplary em-
bodiment, spring 26 includes protruding portion 264
which is located above upper surface 25a of armature
25. Furthermore, protruding portion 264 includes first
section 264a extending along upper surface 25a of ar-
mature 25. With this, in the event of a fall or the like of
electromagnetic relay 1, armature 25 that is moving up-
ward comes into contact with protruding portion 264, in
particular, first section 264a. In other words, the area of
spring 26 of electromagnetic relay 1 according to the ex-
emplary embodiment that can be in contact is larger than
that of the spring of the conventional electromagnetic re-
lay. In this manner, spring 26 is in contact with armature
25 across a large area, and thus the upward movement
of armature 25 can be minimized, resulting in a reduction
in the likelihood of deformation of spring 26 that occurs
in the event of a fall or the like.

[0049] Furthermore, in electromagnetic relay 1 accord-
ing to the exemplary embodiment, protruding portion 264
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includes second section 264b extending upward. Pro-
truding portion 264 including second section 264b is less
likely to deform (warp) even under an upward force, as
compared to the case where second section 264b is not
included. In other words, protruding portion 264 including
second section 264b has rigidity against a vertical force.
Thisrigidity of second section 264b allows protruding por-
tion 264 to, even when upper surface 25a of armature
25 comes into contact with protruding portion 264 from
below, receive this force without deformation and can
provide strength against warping of spring 26 that occurs
in the event of a fall or the like of electromagnet device
1. As a result, it is possible to reduce the likelihood of
deformation of spring 26 that occurs in the event of a fall
or the like.

[0050] Furthermore,in electromagnetdevice 1 accord-
ing to the exemplary embodiment, because third arm por-
tion 263 includes bent portion 2630, third arm portion 263
has rigidity, and the upward movement of armature 25
can be easily inhibited by bent portion 2630. As a result,
it is possible to reduce the likelihood of deformation of
spring 26 that occurs in the event of a fall or the like.
[0051] Note that first section 264a is a section protrud-
ing from first portion 263a of bent portion 2630 of third
arm portion 263 in the depth direction in electromagnetic
relay 1 according to the exemplary embodiment, but this
is not limiting. For example, a lower edge of second sec-
tion 264b (a section protruding from second portion 263b
of bent portion 2630 in the depth direction) may be the
first section. This means that protruding portion 264 does
not need to include the section protruding from first por-
tion 263a of bent portion 2630 of third arm portion 263 in
the depth direction.

[0052] Next, contact device 3 according to the present
exemplary embodiment will be described.

[0053] AsillustratedinFig. 2, Fig. 5, and Fig. 6, contact
device 3 includes the pair of fixed contacts 31, 32 and
movable contactor 4. More specifically, contact device 3
includes more than one set (in the present exemplary
embodiment, two sets) of fixed contact 31, fixed contact
32, and movable contactor 4.

[0054] Each of fixed contact 31 and fixed contact 32
includes: a shaft portion in the shape of a column; and a
head portion in the shape of a disc provided at the tip of
the shaft portion. In other words, each of fixed contacts
31, 32 is a rivet contact.

[0055] Contactdevice 3 further includes a pair of fixed
terminals 33, 34. More specifically, contact device 3 in-
cludes more than one pair (in the present exemplary em-
bodiment, two pairs) of fixed terminals 33, 34. The shape
of each of fixed terminals 33, 34 is the form of a rectan-
gular plate. Fixed contact 31 is fixed to fixed terminal 33.
Fixed contact 32 is fixed to fixed terminal 34. A portion
of each of fixed terminals 33, 34 passes through a
through-hole formed in second cover 12 and protrudes
to the outside of second cover 12 (refer to Fig. 3). A load
is electrically connected to the pair of fixed terminals 33,
34. Contact device 3 switches the state of power feeding
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to the load between a feeding state and a non-feeding
state by switching between the state where the pair of
fixed terminals 33, 34 are electrically connected and the
state where the pair of fixed terminals 33, 34 are electri-
cally disconnected. Since contact device 3 includes two
pairs of fixed terminals 33, 34, contact device 3 is con-
nected to a maximum of two system loads and can switch
the state of power feeding to each of the two system
loads between the feeding state and the non-feeding
state.

[0056] Each movable contactor 4 includes a pair of
movable contacts 41, 42 and body portion 43. Each of
movable contacts 41, 42 includes: a shaft portion in the
shape of a column; and a head portion in the shape of a
disc provided at the tip of the shaft portion. In other words,
each of movable contacts 41, 42 is a rivet contact. The
shape of body portion 43 is the form of a rectangular
plate. The pair of movable contacts 41, 42 are fixed to
body portion 43. More specifically, movable contact 41
is fixed near one end (the front end) of body portion 43
in the longitudinal direction, and movable contact 42 is
fixed near the other end (the rear end) of body portion
43 in the longitudinal direction. The pair of movable con-
tacts 41, 42 are in one-to-one correspondence with the
pair of fixed contacts 31, 32. Each of movable contacts
41,42 is provided at a position opposite a corresponding
one of fixed contacts 31, 32.

[0057] Contact device 3 further includes moving body
5. Moving body 5 includes: more than one holder 6 (in
the present exemplary embodiment, two holders 6; refer
to Fig. 2); more than one spring portion 51 (in the present
exemplary embodiment, two spring portions 51; refer to
Fig. 2); and cover portion 52 (refer to Fig. 1 and Fig. 2).
[0058] Two or more holders 6 are arranged vertically.
Two or more holders 6 are in one-to-one correspondence
with two or more movable contactors 4. Each holder 6
holds a corresponding one of movable contactors 4.
Thus, two or more movable contactors 4 are arranged
along one axis (vertically).

[0059] Two or more holders 6 are in one-to-one corre-
spondence with two or more spring portions 51. Each
holder 6 holds a corresponding one of spring portions
51. Each spring portion 51 is, for example, a helical com-
pression spring. Spring portion 51 exerts, on movable
contactor 4, a force acting in one direction (upward) to-
ward fixed contact 31 and fixed contact 32.

[0060] Holder 6 includes first section 61, second sec-
tion 62, and coupling portion 63. The shape of first section
61 is the form of a box with a rightward, downward open-
ing. The shape of second section 62 is the form of a box
with a rightward, upward opening. First section 61 is lo-
cated above second section 62. Specifically, first section
61 and second section 62 have the openings thereof fac-
ing each other. First section 61 and second section 62
are separated vertically and a space is formed therebe-
tween. Coupling portion 63 couples first section 61 and
second section 62 together in this space area. Coupling
portion 63 is in the form of a vertically extending plate.
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Coupling portion 63 is disposed on the left side of the
space formed between first section 61 and second sec-
tion 62. The front, back, and right sides of holder 6 are
open with respect to the space formed between first sec-
tion 61 and second section 62.

[0061] Asillustrated in Fig. 2, movable contactor 4 and
spring portion 51 are held between first section 61 and
second section 62. Movable contactor 4 and spring por-
tion 51 are disposed in the space formed between first
section 61 and second section 62. More specifically,
spring portion 51 is disposed between movable contactor
4 and bottom surface 62a of second section 62 which is
in the form of a recess, and movable contactor 4 is dis-
posed between first section 61 and spring portion 51.
Both ends (the front and back ends to which movable
contacts 41, 42 are fixed) of body portion 43 of movable
contactor 4 in the longitudinal direction protrude to the
outside (the front and the back) of the space formed be-
tween first section 61 and second section 62.

[0062] Cover portion 52 covers holders 6 from the right
(refer to Fig. 2). With this, the right-hand side opening of
first section 61, the right-hand side opening of second
section 62, and the right side of the space formed be-
tween first section 61 and second section 62, out of each
holder 6, are closed.

[0063] As described above, electromagnetic relay 1
further includes intermediate case 13. Intermediate case
13 houses contact device 3. Intermediate case 13 in-
cludes bottom wall portion 131. The shape of bottom wall
portion 131 is the form of a rectangle in the horizontal
direction. Bottom wall portion 131 is disposed between
electromagnetdevice 2 and moving body 5. As described
above, bottom wall portion 131 of intermediate case 13
includes, in the left surface (the surface facing yoke 24)
recess 132 for hooking and securing hook portion 261a
of first arm portion 261 of spring 26 (refer to Fig. 8). With
this, spring 26 is fixed in place with respect to housing 10.
[0064] Moving body 5 includes recess 501 into which
second portion 252 of armature 25 is inserted (refer to
Fig. 2). When second portion 252 pushes the inner pe-
ripheral wall of recess 501 during the rotation of armature
25, the rotational force of armature 25 acts on moving
body 5 from second portion 242, causing moving body 5
to move. Specifically, when second portion 252 pushes
the upper inner side surface of recess 501 during the
rotation of armature 25 from the first posture (refer to Fig.
2 and Fig. 5) to the second posture (refer to Fig. 6 and
Fig. 7), moving body 5 moves upward. Conversely, when
second portion 252 pushes the lower inner side surface
of recess 501 during the rotation of armature 25 from the
second posture to the first posture, moving body 5 moves
downward.

[0065] As described above, each holder 6 holds a cor-
responding one of movable contactors 4. Therefore,
movable contactors 4 move in conjunction with the move-
ment of moving body 5. Specifically, each movable con-
tactor 4 moves along one axis between the closed posi-
tion and the open position. Here, one axis is a vertically

10

15

20

25

30

35

40

45

50

55

extending virtual axis. This means that each holder 6
holds movable contactor 4 in such amanner thatmovable
contactor 4 can move in one direction (vertically). When
movable contactor 4 is at the closed position (refer to Fig.
6 and Fig. 7), movable contact 41 is in contact with fixed
contact 31, and movable contact 42 is in contact with
fixed contact 32. When movable contactor 4 is at the
open position (refer to Fig. 2 and Fig. 5), movable contact
41 is separate from fixed contact 31, and movable contact
42 is separate from fixed contact 32.

[0066] Movable contactors 4 move at the same time in
conjunction with the movement of moving body 5. When
one movable contactor 4 is at the closed position, re-
maining one movable contact 4 is also at the closed po-
sition. When one movable contactor 4 is at the open po-
sition, remaining one movable contact 4 is also at the
open position. When coil 21 (refer to Fig. 1) is not ener-
gized, movable contactors 4 are at the open positions.
When coil 21 is energized, movable contactors 4 move
to the closed positions.

[0067] Note thatthe distance between fixed contact 31
(fixed contact 32) and movable contact 41 (movable con-
tact 42) when movable contactor 4 is at the open position
is less than the distance moving body 5 moves in one
direction (vertically) at the time of the transition of contact
device 3 from the open state into the closed state. Spe-
cifically, during the rotation of armature 25 from the first
posture to the second posture, moving body 5 is pushed
by second portion 252 of armature 25 and moves upward
while pressing movable contactor 4 via spring portion 51,
and in the course of this movement, movable contact 41
comes into contact with fixed contact 31, and movable
contact 42 comes into contact with fixed contact 32. Sub-
sequently, moving body 5 is further pushed by second
portion 252 of armature 25 and thus moves further up-
ward while compressing spring portion 51 (over-travel).
Therefore, in contact device 3, in the closed state, the
contact pressure between movable contact 41 and fixed
contact 31 and the contact pressure between movable
contact 42 and fixed contact 32 can be secured by the
elastic force of spring portion 51.

[0068] As illustrated in Fig. 1, Fig. 2, and Fig. 5 to Fig.
7, contactdevice 3 further includes auxiliary fixed contact
37, auxiliary movable contactor 36, and a pair of auxiliary
terminals 35.

[0069] Auxiliary movable contactor 36 is formed of a
metal plate made of copper or the like. Auxiliary movable
contactor 36 is electrically conductive. Furthermore, aux-
iliary movable contactor 36 is elastic. The shape of aux-
iliary movable contactor 36 is the form of a strip.

[0070] Each ofthe pairofauxiliarterminals 35is formed
of a metal plate made of copper or the like. Each of the
pair of auxiliar terminals 35 is electrically conductive. The
pair of auxiliar terminals 35 have the same shape. The
pair of auxiliary terminals 35 pass through through-holes
formed in second cover 12 (refer to Fig. 1) and protrude
to the outside of second cover 12 (refer to Fig. 3).
[0071] Moving body 5 includes pressing portion 53.
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Pressing portion 53 is a protrusion formed in an area at
the lower end of moving body 5 and protruding to the left.
In the state where coil 21 (refer to Fig. 1) is not energized,
pressing portion 53 is in contact with auxiliary movable
contactor 36. Thus, auxiliary movable contactor 36 is in
contact with auxiliary fixed contact 37 (refer to Fig. 5).
[0072] When coil 21 is energized, moving body 5
moves upward and thus, pressing portion 53 moves apart
from auxiliary movable contactor 36 (refer to Fig. 7).
Thus, auxiliary movable contactor 36 moves apart from
auxiliary fixed contact 37 (refer to Fig. 6). When coil 21
returns to the non-energized state, moving body 5 moves
down, and pressing portion 53 pushes auxiliary movable
contactor 36. Thus, auxiliary movable contactor 36
comes into contact with auxiliary fixed contact 37.
[0073] In other words, in conjunction with the move-
ment of movable contactor 4 between the closed position
and the open position, auxiliary movable contactor 36
moves between a closed position at which auxiliary mov-
able contactor 36 is in contact with auxiliary fixed contact
37 and an open position at which auxiliary movable con-
tactor 36 is separate from auxiliary fixed contact 37.
When movable contactor 4 is at the closed position, aux-
iliary movable contactor 36 is at the open position, and
when movable contactor 4 is at the open position, auxil-
iary movable contactor 36 is at the closed position. Note
that conversely, when movable contactor 4 is at the
closed position, auxiliary movable contactor 36 may be
at the closed position, and when movable contactor 4 is
at the open position, auxiliary movable contactor 36 may
be at the open position.

[0074] Auxiliary fixed contact 37, auxiliary movable
contactor 36, and the pair of auxiliary terminals 35 are
used, for example, to detect whether the pair of fixed
contacts 31, 32 and the pair of movable contacts 41, 42
are welded together. Specifically, in the state where coll
21 is not energized, when an electric current flows be-
tween the pair of auxiliary terminals 35, it is determined
that the pair of fixed contacts 31, 32 and the pair of mov-
able contacts 41, 42 are not welded together. On the
other hand, in the state where coil 21 is not energized,
when an electric current does not flow between the pair
of auxiliary terminals 35, it is determined that the pair of
fixed contacts 31, 32 and the pair of movable contacts
41, 42 are welded together. In other words, in principle,
when moving body 5 moves down to the original position,
pressing portion 53 pushes auxiliary movable contactor
36, and thus auxiliary movable contactor 36 returns to
the state of being in contact with auxiliary fixed contact
37. However, when the pair of fixed contacts 31, 32 and
the pair of movable contacts 41, 42 are welded together,
moving body 5 cannot move to the original position, and
thus auxiliary movable contactor 36 remains separate
from auxiliary fixed contact 37.

[0075] Note that in electromagnetic relay 1 according
to the exemplary embodiment, the number of fixed con-
tacts in contact device 3 is four (two pairs), and the
number of movable contacts in contact device 3 is four
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(two pairs), but the number of fixed contacts and the
number of movable contacts are not limited to these num-
bers and may be one, two, three, or four or more. Fur-
thermore, in electromagnetic relay 1 according to the ex-
emplary embodiment, the number of movable contactors
4 is two, but the number of movable contactors 4 is not
limited to this number and may be one, two, or three or
more.

[0076] In electromagnetic relay 1 including such elec-
tromagnet device 2 and contact device 3, the likelihood
of deformation of spring 26 can be reduced.

(2) Variations

[0077] The above-described exemplary embodiment
is merely one of various exemplary embodiments of the
present disclosure. Various changes can be made to the
above-described exemplary embodiment according to
the design or the like as long as the object of the present
disclosure can be achieved. Hereinafter, variations of the
above-described exemplary embodiment will be listed.
The variations described below can be applied in appro-
priate combinations.

(2. 1) Variation 1

[0078] In electromagnetic relay 1 according to the ex-
emplary embodiment, in spring 26 including first arm por-
tion 261, second arm portion 262, and third arm portion
263, protruding portion 264 is provided on third arm por-
tion 263, but protruding portion 264 may be provided on
first arm portion 261 or second arm portion 262. Herein-
after, electromagnetic relay 1 according to Variation 1
will be described with reference to Fig. 10 to Fig. 12. Note
that structural elements that are the same as those in
electromagnetic relay 1 according to the exemplary em-
bodiment will be assigned the same reference signs and
description thereof will be omitted, as appropriate.
[0079] Asillustrated in Fig. 10, spring 26 according to
the present variation includes first arm portion 261, sec-
ond arm portion 262, and third arm portion 263, as with
spring 26 according to the exemplary embodiment. In
spring 26 according to the present variation, third arm
portion 263 does not include bent portion 2630. Further-
more, in spring 26 according to the present variation,
protruding portion 264 is provided on first arm portion
261 and second arm portion 262, unlike spring 26 ac-
cording to the exemplary embodiment. More specifically,
spring 26 includes two protruding portions 264 each in
the shape of the letter "C" protruding inward from a curved
portion at the boundary between first arm portion 261
and second arm portion 262 in a direction (the width di-
rection) crossing a direction in which the first arm portion
261 extends. In other words, protruding portion 264 is
provided so as to bridge between first arm portion 261
and second arm portion 262.

[0080] As illustrated in Fig. 11 and Fig. 12, in electro-
magnetic relay 1 according to the present variation, pro-
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truding portion 264 of spring 26 is located above second
portion 252 of armature 25.

[0081] As illustrated in Fig. 10 to Fig. 12, a lower side
portion (a lower end surface) of the C-shaped portion of
protruding portion 264 that extends along upper surface
25a of armature 25 is first section 264a, and a portion of
protruding portion 264 that extends upward from first sec-
tion 264a is second section 264b.

[0082] In electromagnetic relay 1 according to the
present variation, spring 26 includes protruding portion
264 as well, and thus in the event of a fall or the like of
electromagnetic relay 1, protruding portion 264 can re-
ceive armature 25, meaning that unexpected movement
of armature 25 can be minimized using protruding portion
264 located above the upper surface of second portion
252 of armature 25, and as a result, the likelihood of
deformation of spring 26 can be reduced.

(2.2) Variation 2

[0083] In electromagnetic relay 1 according to the ex-
emplary embodiment, spring 26 is attached to electro-
magnetic relay 1 illustrated in Fig. 1; various forms or
structures are applicable to electromagnetic relay 1 to
which spring 26 is attached. Furthermore, in electromag-
netic relay 1 according to the exemplary embodiment,
spring 26 including first arm portion 261, second arm por-
tion 262, and third arm portion 263 is used, but third arm
portion 263 is not an essential element; spring 26 not
including third arm portion 263, thatis, spring 26 including
first arm portion 261 and second arm portion 262, may
be used.

[0084] Hereinafter, electromagnetic relay 1 according
to Variation 2 will be described with reference to Fig. 13
to Fig. 18. Note that structural elements that are the same
as those in electromagnetic relay 1 according to the ex-
emplary embodiment will be assigned the same refer-
ence signs and description thereof will be omitted, as
appropriate.

[0085] Electromagnetic relay 1 according to the
present variation is different from electromagnetic relay
1 according to the exemplary embodiment mainly in that
in electromagnet device 2, armature 25 and spring 26
have different structures. Furthermore, electromagnetic
relay 1 according to the present variation is different from
electromagnetic relay 1 according to the exemplary em-
bodimentinthatcontactdevice 3 has adifferentstructure.
As illustrated in Fig. 13, electromagnetic relay 1 accord-
ing to the present variation includes electromagnet de-
vice 2, contact device 3, cover 14, and base 15. Contact
device 3 is disposed to the right of electromagnet device
2. Cover 14 combined with base 15 houses electromag-
net device 2 and contact device 3. Cover 14 and base
15 constitute housing 10 which holds (in this case, hous-
es) electromagnet device 2 and contact device 3.
[0086] As illustrated in Fig. 13, electromagnet device
2 includes coil 21, iron core 22, coil bobbin 23, yoke 24,
armature 25, spring 26, and two coil terminals 27.
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[0087] Armature 25 is formed into the approximate
shape of the letter "L" with first portion 251 in the form of
a plate and second portion 252 in the form of a plate
crossing each other at a predetermined angle (an obtuse
angle). First portion 251 of armature 25 is disposed at a
position opposite to upper surface 22a of iron core 22.
Armature 25 is disposed in such a manner that the left
side of second portion 252 of armature 25 is located on
the right side of yoke 24 (first portion 241). Armature 25
is supported on (coupled to) yoke 24 and can rotate about
a section thereof supported on yoke 24.

[0088] In the state where coil 21 is not energized, ar-
mature 25 assumes a first posture in which first portion
251 is separate from iron core 22 (refer to Fig. 17). When
coil 21 is energized through two coil terminals 27, arma-
ture 25 is rotated by an electromagnetic attractive force
generated between armature 25 and iron core 22 so that
first portion 251 moves downward, and thus armature 25
assumes a second posture in which (first portion 251 of)
armature 25 is in contact with iron core 22.

[0089] Second portion 252 of armature 25 is joined to
two movable contactors 4 of contact device 3 using join-
ing body 500 made of a resin and having electrical insu-
lating properties, for example.

[0090] Spring 26 is configured so as to cause armature
25 in contact with upper surface 22a of iron core 22 to
move apart from upper surface 22a ofiron core 22. Spring
26 is attached to span between armature 25 and yoke 24.
[0091] Asiillustrated in Fig. 16, spring 26 includes first
arm portion 261, second arm portion 262, and protruding
portion 264 in the present variation. A vertically extending
flat plate-shaped portion of spring 26 is first arm portion
261. A portion substantially perpendicularly extending in
acurve from positions on the upper end of first arm portion
261 that are located outside in the width direction thereof
is second arm portion 262. Two portions located near the
boundary between first arm portion 261 and second arm
portion 262 and protruding outward in the width direction
are protruding portions 264.

[0092] As illustrated in Fig. 16, first arm portion 261
includes one hook portion 261a and two notches 261c.
Notches 261c extend downward from the upper end of
first arm portion 261. Hook portion 261a is formed by
cutting and raising a portion of a flat plate-shaped mem-
ber included in first arm portion 261. Hook portion 261a
extends diagonally upward to the right from the base of
the cut and raised portion.

[0093] AsillustratedinFig. 13, in electromagnet device
2, firstarm portion 261 of spring 26 is in contact with yoke
24 (first portion 241) and extends along the central axis
of coil 21.

[0094] AsillustratedinFig. 14, second arm portion 262
is in contact with armature 25 and extends from the upper
end of first arm portion 261 so as to be directed away
from iron core 22.

[0095] AsillustratedinFig. 16, second arm portion 262
extends to the right from the upper end of first arm portion
261. Second arm portion 262 is in the shape of the letter
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"C" as viewed from the top. Second arm portion 262 ex-
tends from a portion of the upper end of first arm portion
261 that is located further out from notches 261c. Fur-
thermore, second arm portion 262 includes angled por-
tion 262b which is bent downward to the right from a
portion protruding to the right from first arm portion 261.
When second arm portion 262 includes angled portion
262b, the force of second arm portion 262 of spring 26
that pushes armature 25 downward can be increased.
[0096] Protruding portion 264 is provided on first arm
portion 261 and second arm portion 262. At the boundary
between first arm portion 261 and second arm portion
262, protruding portion 264 protrudes in a direction (the
depth direction) crossing a direction in which first arm
portion 261 extends. In other words, protruding portion
264 is provided so as to bridge between first arm portion
261 and second arm portion 262. As illustrated in Fig.
18, protruding portion 264 is located above upper surface
25a of armature 25.

[0097] As illustrated in Fig. 16 and Fig. 17, protruding
portion 264 includes: first section 264a extending along
upper surface 25a of armature 25; and second section
264b extending upward from first section 264a. In pro-
truding portion 264, a lower side portion (a lower end
surface) of a portion provided on first arm portion 261 is
first section 264a, and a portion extending upward along
a lateral side (the front side or the back side) of first arm
portion 261 is second section 264b. First section 264a
faces upper surface 25a of armature 25. Second section
264b extends so as to cross (be substantially orthogonal
to) upper surface 25a of armature 25.

[0098] Furthermore, protruding portion 264 includes
third portion 264c provided on second arm portion 262.
Third section 264c extends from the upper end of second
section 264b along an outer lateral side (the front side or
the back side) of second arm portion 262.

[0099] Spring 26 is fixed in place between yoke 24 and
base 15 when hook portion 261a of first arm portion 261
comes into contact with recess 121 (refer to Fig. 14)
formed in the left side of base 15. Furthermore, as a result
of hook portion 261a coming into contact with recess 121
(particularly, the upper inner side surface of recess 121)
of base 15, spring 26 is prevented from moving upward.
[0100] As is clear from Fig. 16 to Fig. 18, in spring 26
according to the present variation, the lower side portion
(the lower end surface) of a portion of protruding portion
264 that protrudes outward in the width direction of first
arm portion 261, as first section 264a, is located imme-
diately above first portion 251 of armature 25 so as to
face first portion 251 of armature 25. Thus, in the event
of a fall or the like of electromagnetic relay 1, protruding
portion 264 can stop unexpected movement of armature
25 at the minimum level, and as a result, the likelihood
of deformation of spring 26 can be reduced.

[0101] Furthermore, because protruding portion 264
includes, as second section 264b, a portion extending
upward along a lateral side (the front side or the back
side) of first arm portion 261, protruding portion 264 can
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be given rigidity against an upward force and can also
be given strength against warping of spring 26 that occurs
in the event of a fall or the like of electromagnetic relay
1. As aresult, itis possible to further reduce the likelihood
of deformation of spring 26.

[0102] Contact device 3 included in electromagnetic
relay 1 according to the present variation includes a pair
of fixed contacts 31, 32, movable contactor 4, and joining
body 500, as illustrated in Fig. 17. Contact device 3 in-
cludes more than one set (in the present variation, two
sets) of fixed contact 31, fixed contact 32, and movable
contactor 4. Furthermore, contact device 3 includes: fixed
terminal 33 to which fixed contact 31 is fixed; and fixed
terminal 34 to which fixed contact 32 is fixed. A portion
of each of fixed terminals 33, 34 passes through a
through-hole formed in base 15 and protrudes to the out-
side of base 15 (refer to Fig. 15).

[0103] Movable contactor 4 includes a pair of movable
contacts 41, 42 and body portion 43. Body portion 43 is
in the form of a plate having the shape of the inverted
letter "U". The upper end of body portion 43 is joined to
second portion 252 of armature 25 using joining body
500. Movable contact 41 and movable contact 42 are
fixed to a pair of lower ends of body portion 43, respec-
tively.

[0104] When coil 21 is not energized and armature 25
assumes the first posture (refer to Fig. 17), movable con-
tact 41 and movable contact 42 of movable contactor 4
are separate from fixed contact 31 and fixed contact 32,
respectively (the open position). When coil 21 is ener-
gized and armature 25 assumes the second posture,
movable contact 41 and movable contact 42 of movable
contactor 4 come into contact with fixed contact 31 and
fixed contact 32, respectively (the closed position).
[0105] As illustrated in Fig. 17 and Fig. 18, contact de-
vice 3 further includes auxiliary fixed contact 37, auxiliary
movable contactor 36, a pair of auxiliary terminals 35,
and auxiliary card portion 510.

[0106] Each of the pair of auxiliary terminals 35 is
formed of a metal plate made of copper or the like. The
pair of fixed terminals 35 pass through through-holes
formed in base 15 (refer to Fig. 13) and protrude to the
outside of base 15 (refer to Fig. 15).

[0107] Auxiliary movable contactor 36 is electrically
conductive. Furthermore, auxiliary movable contactor 36
is elastic. The shape of auxiliary movable contactor 36
is the form of a strip. Auxiliary movable contactor 36 is
integrally formed with one (front auxiliary terminal 35) of
the pair of auxiliary terminals 35.

[0108] Auxiliary card portion 510 is made of aresin and
has electrical insulating properties, for example. Auxiliary
card portion 510 is fixed to the left end of first portion 251
of armature 25. Auxiliary card portion 510 is located be-
low auxiliary movable contactor 36. Auxiliary card portion
510 vertically moves in conjunction with the rotation of
armature 25.

[0109] Inthe state where coil 21 is not energized, aux-
iliary card portion 510 is in contact with auxiliary movable
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contactor 36 from below. At this time, auxiliary movable
contactor 36 is in contact with auxiliary fixed contact 37
from below.

[0110] When coil 21 is energized, first portion 251 of
armature 25 moves downward, and thus auxiliary card
portion 510 moves apart from auxiliary movable contac-
tor 36. Accordingly, auxiliary movable contactor 36
moves apart from auxiliary fixed contact 37 by the elastic
force of auxiliary movable contactor 36. When coil 21
returns to the non-energized state, first portion 251
moves up, and auxiliary card portion 510 pushes auxiliary
movable contactor 36. Thus, auxiliary movable contactor
36 comes into contact with auxiliary fixed contact 37.

(2. 3) Variation 3

[0111] In electromagnetic relay 1 according to Varia-
tion 2, spring 26 includes protruding portion 264 formed
to span between first arm portion 261 and second arm
portion 262, but the installation position of protruding por-
tion 264 is not limited to this position; protruding portion
264 may be provided on first arm portion 261 only or may
be provided on second arm portion 262 only.

[0112] Hereinafter, electromagnetic relay 1 according
to Variation 3 will be described with reference to Fig. 19
and Fig. 20.

[0113] As illustrated in Fig. 20, electromagnetic relay
1 according to the present variation is different from elec-
tromagnetic relay 1 according to Variation 2 described
above in that protruding portion 264 of spring 26 is pro-
vided at a different position and has a different shape.
[0114] As illustrated in Fig. 19, spring 26 includes first
arm portion 261, second arm portion 262, and protruding
portion 264 in the present variation. A vertically extending
flat plate-shaped portion of spring 26 is first arm portion
261. A portion substantially perpendicularly extending in
acurve from positions on the upperend of firstarm portion
261 that are located inside in the width direction thereof
is second arm portion 262. Two portions located outside
in the width direction of first arm portion 261 in the form
of a plate and protruding outward in the width direction
are protruding portions 264.

[0115] First arm portion 261 includes one hook portion
261a, two notches 261c, and two gap portions 261d.
Notches 261c¢ extend downward from the upper end of
first arm portion 261. Hook portion 261a is formed by
cutting and raising a portion of a flat plate-shaped mem-
ber included in first arm portion 261. Hook portion 261a
extends diagonally upward to the right from the base of
the cut and raised portion.

[0116] Gap portions 261d are formed at positions on
the upper end of first arm portion 261 that are located
further out in the width direction from positions at which
notches 261c are formed. In other words, gap portions
261d are formed further out in the width direction of first
arm portion 261 from a position at which second arm
portion 262 extends on the upper end of first arm portion
261. It can be said that since protruding portion 264 is
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formed at a position on firstarm portion 261 thatis located
outside in the width direction thereof, a gap (gap portion
261d)is formed between the upperend of firstarm portion
261 (a portion from which second arm portion 262 ex-
tends) and protruding portion 264. With this, even when
second arm portion 262 moves, protruding portion 264
can be prevented from moving.

[0117] As illustrated in Fig. 19 and Fig. 20, in electro-
magnet device 2, first arm portion 261 of spring 26 is in
contact with yoke 24 and extends along the central axis
of coil 21. Furthermore, second arm portion 262 is in con-
tact with armature 25 and extends from the upper end of
first arm portion 261 so as to be directed away from iron
core 22.

[0118] Protruding portion 264 is provided on first arm
portion 261. Protruding portion 264 protrudes, at a posi-
tion on first arm portion 261 that is located outside in the
width direction thereof, in a direction (the width direction)
crossing a direction in which first arm portion 261 ex-
tends, and is located above upper surface 25a of arma-
ture 25. Protruding portion 264 includes: first section
264a extending along upper surface 25a of armature 25;
and second section 264b extending upward from first
section 264a. In protruding portion 264, a lower side por-
tion (a lower end surface) of a portion provided on first
arm portion 261 is first section 264a, and a portion pro-
vided on first arm portion 261 other than first section 264a
(a portion extending upward along a lateral side of first
arm portion 261) is second section 264b. First section
264a faces upper surface 25a of armature 25. Second
section 264b extends so as to cross (be substantially
orthogonal to) upper surface 25a of armature 25.
[0119] As is clear from Fig. 19 and Fig. 20, in spring
26 according to the present variation, the lower side por-
tion (the lower end surface) of a portion of protruding
portion 264 that protrudes outward in the width direction
of first arm portion 261, as first section 264a, is located
immediately above first portion 251 of armature 25 so as
to face first portion 251 of armature 25. Thus, in the event
of a fall or the like of electromagnetic relay 1, protruding
portion 264 can stop unexpected movement of armature
25 at the minimum level, and as a result, the likelihood
of deformation of spring 26 can be reduced.

[0120] Furthermore, because protruding portion 264
includes, as second section 264b, a portion protruding
outward in the width direction of first arm portion 261
other than first section 264a, protruding portion 264 can
be given rigidity against an upward force and can also
be given strength againstwarping of spring 26 that occurs
in the event of a fall or the like of electromagnetic relay
1. As aresult, itis possible to further reduce the likelihood
of deformation of spring 26.

[Summary]
[0121] According to the exemplary embodiment, etc.,

described above, the following aspects are disclosed.
[0122] An electromagnet device (2) according to the
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first aspect includes a coil (21), an iron core (22), a coil
bobbin (23), a yoke (24), an armature (25), and a spring
(26). The iron core (22) extends along a central axis of
the coil (21) and is disposed inside the coil (21). The caoll
(21) is wound on the coil bobbin (23). The yoke (24) in-
cludes a portion (241) extending along the central axis
of the coil (21) and is held on the coil bobbin (23). The
armature (25) is coupled to the yoke (24) and configured
to come into contact with or move apart from an upper
surface (22a) of the iron core (22). The spring (26) is
configured to cause the armature (25) in contact with the
upper surface (22a) of the iron core (22) to move apart
from the upper surface (22a) of the iron core (22). The
spring (26) includes a first arm portion (261), a second
arm portion (262), and a protruding portion (264). The
firstarm portion (261) is in contact with the yoke (24) and
extends along the central axis of the coil (21). The second
arm portion (262) extends from an upper end of the first
arm portion (261) to be directed away from the iron core
(22). The protruding portion (264 ) protrudes from at least
one ofthe firstarm portion (26 1) or the second arm portion
(262) so as to be at least partially positioned above an
upper surface (25a) of the armature (25).

[0123] According to this aspect, the spring (26) in-
cludes the protruding portion (264), and this protruding
portion (264) is located above the upper surface (25a) of
the armature (25) and shaped to protrude in the width
direction of the first arm portion (261); thus, even when
the armature (25) unexpectedly moves due to a fall or
the like of the electromagnetic relay (1) including the elec-
tromagnet device (2), the armature (25) comes into con-
tact with the protruding portion (264), thus the movement
can be minimized, and as a result, the likelihood of de-
formation of the spring (26) can be reduced.

[0124] Inthe electromagnet device (2) according to the
second aspect, the spring (26) further includes a third
arm portion (263) located above the upper surface (25a)
of the armature (25) and extending from the upper end
of the first arm portion (261) in a direction opposite to a
direction in which the second arm portion (262) extends.
[0125] According to this aspect, the third arm portion
(263) of the spring (26) is disposed above the first portion
(251) of armature (25); thus, the movement of the arma-
ture (25) in the event of a fall or the like can be further
reduced because there is the third arm portion (263). As
a result, it is possible to further reduce the likelihood of
deformation of the spring (26).

[0126] Inthe electromagnet device (2) according to the
third aspect, the protruding portion (264) is provided on
the third arm portion (263) rather than the firstarm portion
(261) or the second arm portion (262).

[0127] According to this aspect, the protruding portion
(264) is provided on the third arm portion (263); thus,
because the protruding portion (264) is located above
the first portion (251) of the armature (25), the movement
of the armature (25) in the event of a fall or the like can
be effectively reduced, and the likelihood of deformation
of the spring (26) can be further reduced.
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[0128] Inthe electromagnetdevice (2) according to the
fourth aspect, the protruding portion (264) is provided on
the first arm portion (261).

[0129] According to this aspect, the protruding portion
(264) is provided on the first arm portion (261); thus, be-
cause the protruding portion (264) is located above the
first portion (251) and/or the second portion (252) of the
armature (25), the movement of the armature (25) in the
event of a fall or the like can be effectively reduced, and
the likelihood of deformation of the spring (26) can be
further reduced.

[0130] Inthe electromagnetdevice (2) accordingto the
fifth aspect, the protruding portion (264) is provided on
the second arm portion (262).

[0131] According to this aspect, the protruding portion
(264) is provided on the second arm portion (262); thus,
because the protruding portion (264) is located above
the second portion (252) of the armature (25), the move-
ment of the armature (25) in the event of a fall or the like
can be effectively reduced, and the likelihood of defor-
mation of the spring (26) can be further reduced.
[0132] Inthe electromagnetdevice (2) accordingto the
sixth aspect, the protruding portion (264) is provided so
as to bridge between the first arm portion (261) and the
second arm portion (262).

[0133] According to this aspect, the protruding portion
(264) is provided so as to bridge between the first arm
portion (261) and the second arm portion (262); thus,
because the protruding portion (264) is located above
the second portion (252) of the armature (25), the move-
ment of the armature (25) in the event of a fall or the like
can be effectively reduced, and the likelihood of defor-
mation of the spring (26) can be further reduced.
[0134] Inthe electromagnetdevice (2) according to the
seventh aspect, the protruding portion (264) includes a
first section extending along the upper surface (25a) of
the armature (25).

[0135] According to this aspect, the first section (264a)
of the protruding portion (264) is located facing the upper
surface (25a) of the armature (25); thus, the armature
(25) that has moved in the event of a fall or the like comes
into contact with the first section (264a), meaning that
the likelihood of deformation of the spring (26) can be
more effectively reduced.

[0136] Inthe electromagnetdevice (2) according to the
eighth aspect, the protruding portion (264) further in-
cludes a second section (264b) extending upward from
the first section (264a).

[0137] According to this aspect, the protruding portion
(264) includes the second section (264b) having high ri-
gidity and extending upward from the first section (264a)
and thus can be given strength against warping of spring
26 that occurs in the event of a fall or the like, and as a
result, the likelihood of deformation of the spring (26) can
be further reduced.

[0138] Inthe electromagnetdevice (2) according to the
ninth aspect, a gap (261d) is formed between the upper
end of the first arm portion (261) and the protruding por-
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tion (264).

[0139] According to this aspect, the spring (26) is con-
figured so that the gap is formed between the upper end
of the first arm portion (261) and the protruding portion
(264) and the first arm portion (261) and the protruding
portion (264) are separate; thus, even when the second
arm portion (262) moves, the protruding portion (264)
can be prevented from moving, and the likelihood of de-
formation of the spring (26) can be further reduced.
[0140] An electromagnetic relay (1) according to the
tenth aspect includes: the electromagnet device (2) de-
scribed above; a fixed contact (31); and a movable con-
tactor (4) including a movable contact (41) configured to
come into contact with or move apart from the fixed con-
tact (31). The movable contactor (4) causes the movable
contact (41) to come into contact with or move apart from
the fixed contact (31) according to movement of the ar-
mature (25).

[0141] According to this aspect, the electromagnetic
relay (1) including the electromagnet device (2) de-
scribed above can be provided.

[0142] The electromagnetic relay (1) according to the
eleventh aspect further includes a fixed contact (32) and
a movable contact (42). The movable contact (42) is pro-
vided on the movable contactor (4). The movable con-
tactor (4) causes the movable contact (42) to come into
contact with or move apart from the fixed contact (32)
according to movement of the armature (25).

[0143] According to this aspect, the electromagnetic
relay (1) including the electromagnet device (2) de-
scribed above can be provided.

Reference Signs List

[0144]

1 electromagnetic relay
11 first cover

12 second cover

13 intermediate case

14 cover

15 base

2 electromagnet device
21 coil

22 iron core

22a upper surface

23 coil bobbin

24 yoke

241 first portion

242 second portion

25 armature

251 first portion

252 second portion

25a upper surface
26 spring

261 first arm portion
261a hook portion
261b void portion
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261c notch

261d gap portion

262 second arm portion
262a void portion

263 third arm portion
263a first portion

263b second portion
2630 bent portion

264 protruding portion
264a first section

264b second section
31,32 fixed contact
33,34 fixed terminal

35 auxiliary terminal
36 auxiliary movable contactor
4 movable contactor
41,42 movable contact

6 holder

61 first section

62 second section

63 coupling portion
Claims

1. An electromagnet device comprising:

a coil;

an iron core extending along a central axis of
the coil and being disposed inside the coil;

a coil bobbin on which the coil is wound;

a yoke held on the coil bobbin and including a
portion extending along the central axis of the
coil;

an armature coupled to the yoke and configured
to come into contact with and move apart from
an upper surface of the iron core; and

a spring configured to cause the armature in
contact with the upper surface of the iron core
to move apart from the upper surface of the iron
core, wherein

the spring includes:

a first arm portion contacting the yoke and
extending along the central axis of the coil;
a second arm portion contacting the arma-
ture and extending from an upper end of the
first arm portion to be directed away from
the iron core; and

a protruding portion protruding from at least
one of the first arm portion or the second
arm portion, the protruding portion being at
least partially positioned above an upper
surface of the armature.

2. The electromagnet device according to claim 1,
wherein
the spring further includes:
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a third arm portion located above the upper surface
of the armature and extending from the upper end
of the first arm portion in a direction opposite to a
direction in which the second arm portion extends.

3. The electromagnet device according to claim 2,
wherein
the protruding portion is provided on the third arm
portion instead of the first arm portion or the second
arm portion.

4. The electromagnet device according to claim 1 or 2,
wherein
the protruding portion is provided on the first arm
portion.

5. The electromagnet device according to claim 1 or 2,
wherein
the protruding portion is provided on the second arm
portion.

6. The electromagnet device according to claim 1 or 2,
wherein
the protruding portion is provided so as to bridge
between the first arm portion and the second arm
portion.

7. The electromagnet device according to any one of
claims 1 to 6, wherein
the protruding portion includes:
a first section extending along the upper surface of
the armature.

8. The electromagnet device according to claim 7,
wherein
the protruding portion further includes:
a second section extending upward from the first
section.

9. The electromagnet device according to any one of
claims 1 to 8, wherein
a gap is formed between the upper end of the first
arm portion and the protruding portion.

10. An electromagnetic relay comprising:

the electromagnet device according to any one
of claims 1 to 9;

a first fixed contact; and

a movable contactor including a first movable
contact configured to come into contact with or
move apart from the first fixed contact, wherein
the movable contactor causes the first movable
contact to come into contact with or move apart
from the first fixed contact according to move-
ment of the armature.

11. The electromagnetic relay according to claim 10, fur-
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ther comprising:

a second fixed contact; and

a second movable contact, wherein

the second movable contact is provided on the
movable contactor, and

the movable contactor causes the second mov-
able contact to come into contact with or move
apart from the second fixed contact according
to the movement of the armature.
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