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(54) CONTACT MEMBER AND SWITCH DEVICE USING CONTACT MEMBER

(57) PROBLEMS
In a contact member provided with a plurality of pro-

trusions in a curved portion and a switch device using
the contact member, deterioration of an operating sen-
sation is caused not to occur even though a pressing
point is deviated from the center.

SOLVING MEANS
A dome-shaped curved portion 12 is formed in a con-

tact member 10 formed of a metal leaf spring material,
and three protrusions 13a, 13b, and 13c protrude toward
a substrate at the periphery of a center O1. The extension
direction of the leaf spring material that forms the contact
member 10 is the X direction. The protrusions 13b and
13c are disposed at positions where the circular contours
thereof do not overlap with a vertical center line Ox ex-
tending in the extension direction. Therefore, the posi-
tions of the protrusions may be displaced with respect to
a direction in which an operating sensation is deteriorated
due to the influence of the extension direction of the ma-
terial, so that when a position distant from the center 01
is pressed, an area where the operating sensation is not
deteriorated may be enlarged in a wide range in the X
direction and the Y direction.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a contact mem-
ber having a curved portion which is formed of a metal
plate and is elastically deformed, and more particularly,
to a contact member provided with a plurality of protru-
sions on a concave surface side of a curved portion and
a switch device using the contact member.

BACKGROUND ART

[0002] In PTL 1 described below, an inversion leaf
spring which is a contact member having a dome-shaped
curved portion is disclosed. In the inversion leaf spring,
the convex side of the curved portion is fixed to a flexible
sheet via an adhesive. A peripheral fixed contact and a
center fixed contact are provided on the base, and when
the flexible sheet is fixed to the surface of the base, the
peripheral edge portion of the inversion leaf spring abuts
on the peripheral fixed contact and the concave side of
the curved portion of the inversion leaf spring opposes
the center fixed contact. When the inversion leaf spring
is pressed by a stem or the like of the switch mechanism,
the inversion leaf spring is inverted toward the base and
comes in contact with the fixed contact.
[0003]  The inversion leaf spring disclosed in PTL 1 is
provided with three movable contact portions protruding
toward the base from the concave side of the curved
portion, and the three movable contacts are disposed at
equal distances from the center of the curved portion and
at intervals of equal angles of 120 degrees with respect
to the center.
[0004] When the curved portion is inverted toward the
substrate, the movable contact portions come in contact
with the center fixed contact. As the movable contact
portions, which are small protrusions, come in contact
with the center fixed contacts, a contact area between
the inversion leaf spring and the center fixed contact may
be reduced, resulting in an increase in contact reliability.
In addition, even though an insulating material such as
dust is present on the surface of the center fixed contact,
when the curved portion is inverted, the movable contact
portion is operated so as to exclude the insulating portion
on the surface of the center fixed contact, and thus it
becomes possible to enhance the contact reliability.

CITATION LIST

PATENT LITERATURE

[0005]

[PTL 1] Japanese Unexamined Patent Application
Publication No. 2007-280848

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006]  In the switch mechanism using the inversion
leaf spring described in PTL 1, when the center of the
stem is aligned with the center of the curved portion of
the inversion leaf spring, an elastic reaction is appropri-
ately exerted when the curved portion is inverted by
pressing the stem and thus an operating sensation is
enhanced.
[0007] However, when the center of the stem is devi-
ated from the center of the curved portion due to the
assembly tolerance of the switch mechanism, the elastic
reaction when the stem is pressed is weakened in the
deviating position and at the deviating distance, so that
the operating sensation may be deteriorated.
[0008] In order to solve the problem with degradation
of the operating sensation, an object of the invention is
to provide a contact member capable of preventing ex-
treme deterioration of an operating sensation even
though a pressing position is deviated in any direction
with respect to the center of a curved portion, and a switch
device using the contact member.

MEANS FOR SOLVING THE PROBLEMS

[0009] According to the invention, a contact member,
includes: a curved portion which is formed of a rolled
conductive metal plate and protrudes toward a first side,
the curved portion being elastically deformable toward a
second side; and a plurality of protrusions formed to pro-
trude toward the second side from the curved portion,
wherein all the protrusions are formed at positions that
do not overlap with a vertical center line extending in
parallel to a rolling direction through a center of the curved
portion.
[0010] The invention is made in consideration that de-
terioration of an operating sensation when a pressing
position is deviated from the center of a curved portion
is dependent on the positional relationship between a
rolling direction of a metal plate and protrusions. In the
metal plate, bending rigidity and bending elastic modulus
thereof in the pressing direction are lower than those in
a direction orthogonal to the pressing direction. There,
by setting a line connecting the center of the curved por-
tion to the center point of the protrusion so as not to direct
in the rolling direction in which the bending rigidity and
the bending elastic modulus are low, appropriate elastic
reaction may be present when the curved portion is
pressed in the peripheries of the protrusions, so that ex-
treme deterioration of the operating sensation may be
prevented.
[0011] According to the invention, contours of all the
protrusions when viewed from the second side are posi-
tioned to be distant from the center line.
[0012] It is preferable that the protrusions be positioned
at equal distances from the center of the curved portion,
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and it is preferable that center points of the plurality of
protrusions are disposed at equal angles with respect to
the center of the curved portion.
[0013] According to the invention, for example, the
number of the protrusions is 3, and a center point of one
of the protrusions is positioned on a horizontal center line
orthogonal to the vertical center line through the center
of the curved portion.
[0014] According to the invention, a raised portion is
formed to protrude toward the first side from the curved
portion, wherein the raised portion is provided at a posi-
tion farther from the center of the curved portion than the
protrusions, and the raised portion is formed continuously
or intermittently along an arc with a predetermined radius
from the center.
[0015] By providing the raised portion, an appropriate
elastic reaction may be obtained when the curved portion
is elastically deformed, so that the operating sensation
may be enhanced.
[0016] According to the invention, the first side of a
plurality of the metal plates having the curved portion is
fixed to a flexible synthetic resin sheet.
[0017] Furthermore, a switch device according to the
invention includes: a substrate having a plurality of fixed
contacts on a surface, the contact member of which the
second side is installed so as to face the surface of the
substrate, wherein a peripheral part of the curved portion
of the metal plate comes in contact with any of the fixed
contacts, and the protrusions oppose the other fixed con-
tacts.

ADVANTAGEOUS EFFECTS OF INVENTION

[0018] In the contact member and the switch device
according to the invention, since the plurality of protru-
sions are provided in the curved portion, contact reliability
between the contact member and the fixed contact may
be enhanced when the curved portion is inverted. In par-
ticular, contact reliability when an insulating material such
as dust is present on the surface of the fixed contact may
be enhanced.
[0019] In addition, by appropriately setting the posi-
tions where the protrusions are disposed according to
the relationship with the rolling direction of the metal
plate, an area where appropriate elastic reaction is ex-
hibited may be enlarged when the pressing position is
deviated from the center of the curved portion, so that
extreme degradation of the operating sensation may be
suppressed even though the pressing position is deviat-
ed. Therefore, the contact member and the switch device
with good operating sensation and high contact reliability
may be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 is a cross-sectional view illustrating a contact

member and a switch device according to an em-
bodiment of the invention, in which Fig. 1A illustrates
a non-contact state, and Fig. 1B illustrates a contact
state.
Fig. 2 is a plan view of the contact member according
to the embodiment of the invention.
Fig. 3 is a plan view illustrating a hoop material for
forming the contact member.
Figs. 4A and 4B are explanatory views of an oper-
ating sensation when the center of a curved portion
of the contact member is pressed by a stem.
Figs. 5A and 5B are explanatory views of an oper-
ating sensation when a position deviated from the
center of the curved portion of the contact member
is pressed by the stem.
Fig. 6 is a plan view illustrating a contact member
according to a comparative example.
Fig. 7A is an explanatory view illustrating a distribu-
tion of elastic reaction when the contact member ac-
cording to the embodiment is used, and Fig. 7B is
an explanatory view illustrating a distribution of elas-
tic reaction when the contact member according to
the comparative example is used.
Figs. 8A and 8B are explanatory views for explaining
characteristics of the elastic reaction of the contact
member according to the embodiment.
Figs. 9A and 9B are explanatory views for explaining
characteristics of the elastic reaction of the contact
member according to the comparative example.
Fig. 10 is a plan view illustrating a contact member
according to another embodiment of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0021]  A plurality of switch devices 1 are arranged to
be lined up on a substrate 2, and only the single switch
device 1 is illustrated in Fig. 1.
[0022] On a surface 2a of the substrate 2, an outside
fixed contact 3 and a center fixed contact 4 are formed
of a low-resistance conductive material such as gold or
silver. A contact member 10 has a first side 10a and a
second side 10b, and the first side 10a is fixed to a flexible
sheet 5. The flexible sheet 5 is a synthetic resin sheet
with insulating properties, and on a rear surface 5a there-
of, an adhesive layer is formed, such that the contact
member 10 is fixed to the rear surface 5a of the flexible
sheet 5 by the adhesive layer. In a part where the contact
member 10 is not provided, the rear surface 5a of the
flexible sheet 5 is fixed to the surface2a of the substrate
2 via the adhesive layer.
[0023] As illustrated in Fig. 2, the outer peripheral edge
11 of the contact member 10 is circular, and in the switch
device 1 illustrated in Fig. 1, the outer peripheral edge
11 comes in contact with the outside fixed contact 3. In
the contact member 10, substantially the entire region of
the inside of the outer peripheral edge 11 is a curved
portion 12, and the curved portion 12 is formed in a dome
shape so that the convex side thereof faces the first side
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10a. When the curved portion 12 is pressed against the
substrate 2, as illustrated in Fig. 1B, the contact member
10 is inverted and is elastically deformed.
[0024] The contact member 10 is formed of a leaf
spring material made of a rolled stainless steel. The roll-
ing direction of the leaf spring material is the X direction
illustrated in Fig. 2. In Fig. 2, the vertical center line ex-
tending in the X direction parallel to the rolling direction
through the center (center of gravity: centroid) O1 of the
curved portion 12 is represented by Ox. In addition, the
horizontal center line extending in the Y direction orthog-
onal to the rolling direction through the center O1 is rep-
resented by Oy.
[0025] The contact member 10 illustrated in Figs. 1 and
2 is cut from a hoop material 20 illustrated in Fig. 3. In
general, regarding the hoop material 20, the rolling di-
rection of the stainless steel is directed to the longitudinal
direction (the X direction). The hoop material 20 has feed-
ing holes 23 provided at a predetermined pitch and is
intermittently sent in the X direction while the feeding
holes 23 are held by a traverse apparatus. Semicircular
arc holes 21 are opened by a press apparatus, and inside
the semicircular arc holes 21 and 21 which oppose each
other, the contact member 10 is connected by connection
pieces 22 and 22 so as to be formed. Moreover, after the
curved portion 12 and the like are press-formed, the con-
nection pieces 22 and 22 are cut, such that the individual
contact members 10 are separated from the hoop mate-
rial 20. The rolling direction of the contact members 10
cut from the hoop material 20 is the X direction.
[0026] On the curved portion 12 of the contact member
10, three protrusions 13a, 13b, and 13c are formed which
protrude from a rear surface 12a thereof toward the sec-
ond side 10b (a direction to the substrate 2). The protru-
sions 13a, 13b, and 13c are processed by the press ap-
paratus in the state of the hoop material 20 illustrated in
Fig. 3.
[0027] In Fig. 2, although the protrusions 13a, 13b, and
13c are illustrated as circles with the same diameters,
the contours of the circles when the protrusions 13a, 13b,
and 13c are seen from the second side 10b (the substrate
2 side) are illustrated by being seen through the first side
10a. That is, the contours of the circles illustrated in Fig.
2 are boundary lines between the protrusions 13a, 13b,
and 13c and the rear surface 12a of the curved portion 12.
[0028] As illustrated in Fig. 2, when a virtual circle C
with a predetermined radius r from the center O1 of the
curved portion 12 of the contact member 10 is drawn,
the center point Oa of the protrusion 13a, the center point
Ob of the protrusion 13b, and the center point Oc of the
protrusion 13c are positioned on the virtual circle C. That
is, the center points Oa, Ob, and Oc thereof are posi-
tioned at positions of equal distances r from the center
O1 of the curved portion 12. The radius r is equal to or
smaller than 0.5 mm and is, for example, 0.3 mm. The
center points Oa, Ob, and Oc of the protrusions 13a, 13b,
and 13c are disposed at equal angles with respect to the
center O1 of the curved portion 12, and the disposition

angle intervals of the center points Oa, Ob, and OC are
120 degrees.
[0029] Regarding all the protrusions 13a, 13b, and 13c,
the contours (the contours when viewed from the second
side 10b) thereof are distant from the vertical center line
Ox extending in the rolling direction of the metal plate. In
the embodiment illustrated in Fig. 2, the protrusions 13a,
13b, and 13c are arranged so that the contours of both
the two protrusions 13b and 13c are most distant from
the vertical center line Ox. That is, the center point Oa
of the protrusion 13a is positioned on the horizontal cent-
er line Oy, an angle θ between a virtual line Lb connecting
the center point Ob of the protrusion 13b and the center
O1 and the vertical center line Ox is 30 degrees, and an
angle θ between a virtual line Lc connecting the center
point Oc of the protrusion 13c and the center O1 and the
vertical center line Ox is 30 degrees.
[0030] In the curved portion 12 of the contact member
10, a raised portion 15 raised from a surface 12b toward
the first side 10a is formed. The raised portion 15 is proc-
essed by the press apparatus in the state of the hoop
material 20 illustrated in Fig. 3. The raised portion 15 is
formed so as to be raised from the surface 12b between
an inner peripheral contour 15a and an outer peripheral
contour 15b. The inside contour 15a is positioned outside
the protrusions 13a, 13b, and 13c and is formed along a
circle with a constant radius from the center 01. In the
example illustrated in Fig. 2, the raised portion 15 is
formed in a 360-degree continuous ring shape. However,
the raised portion 15 may be formed in an intermittent
ring shape which is separated at each of the predeter-
mined angles.
[0031] The radius of the outer peripheral contour 15b
of the raised portion 15 from the center O1 is in a range
of 0.5 to 1.0 mm, and is, for example, 0.75 mm.
[0032] As illustrated in Fig. 1, in the switch device 1,
an operating body 8 is provided. The operation body 8
is provided so as to be elevated in the case of an elec-
tronic device and is pressed and operated as an operat-
ing portion 8a is pressed by a finger. A stem 8b is provided
at the lower portion of the operating body 8, and the stem
8b opposes the raised portion 15 of the contact member
10 via the flexible sheet 5. The lower surface of the stem
8b is circular, and the diameter thereof is slightly greater
than the diameter of the outer peripheral contour 15b of
the raised portion 15.
[0033] In the switch device 1, as illustrated in Fig. 1B,
when the operating body 8 is pressed, the raised portion
15 of the contact member 10 is pressed down by the
stem 8b via the flexible sheet 5. When the raised portion
15 is pressed, the curved portion 12 is elastically de-
formed toward the substrate 2. When the curved portion
12 is deformed halfway, the curved portion 12 is inverted
toward the substrate 2, and the protrusions 13a, 13b, and
13c come in contact with the center fixed contact 4, so
that the outside fixed contact 3 and the center fixed con-
tact 4 are electrically connected to each other with the
contact member 10. As illustrated in Fig. 1B, at a time
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point when the protrusions 13a, 13b, and 13c come in
contact with the center fixed contact 4, the curved portion
12 has an elastic restoring force in a direction away from
the substrate 2. Therefore, when the pressing force
against the operating body 8 is released, the contact
member 10 is returned to a non-contact state illustrated
in Fig. 1A.
[0034] Since the ring-shaped raised portion 15 is
formed in the contact member 10 and the raised portion
15 is pressed by the stem 8b, unnecessary deformation
is less likely to occur at the center portion of the contact
member 10, and thus the center portion thereof having
the raised portion 15 and the protrusions 13a, 13b, and
13c is more likely to be elastically deformed toward the
substrate 2 in a stable posture. Since the protrusions
13a, 13b, and 13c come in contact with the center fixed
contact 4 in small areas, reliability of contact is enhanced.
In addition, even though an insulating material such as
dust is present on the surface of the center fixed contact
4, when the protrusions 13a, 13b, and 13c come in con-
tact with the center fixed contact 4, the insulating material
is removed, so that reliability of electrical connection be-
tween the contact member 10 and the center fixed con-
tact 4 is enhanced.
[0035]  Fig. 4A illustrates an operation when the curved
portion 12 is pressed while the center of the stem 8b is
aligned with the center O1 of the curved portion 12, and
Fig. 4B illustrates a change in elastic reaction imparted
to the operating body 8 from the contact member 10 at
this time.
[0036] The horizontal axis of Fig. 4B represents a
pressing stroke (a displacement of the curved portion 12)
of the operating body 8, and the vertical axis thereof rep-
resents a load needed to deform the curved portion 12,
that is, a reaction exerted on the operating body 8. When
the curved portion 12 is pressed by the operating body
8, the reaction is gradually increased and reaches the
maximum value W1, the curved portion 12 is thereafter
inverted toward the substrate 2, and the reaction be-
comes the minimum value W2. Thereafter, when the
pressing force against the operating body 8 is released,
the curved portion 12 is returned to its base curved state.
[0037] Fig. 5A illustrates an operation when the curved
portion 12 is pressed while the center of the stem 8b is
deviated from the center O1 of the curved portion 12, and
Fig. 5B illustrates a change in elastic reaction exerted on
the operating body 8 at this time. W3 denotes the maxi-
mum value of the load, and W4 denotes the minimum
value.
[0038] In Fig. 4B, a difference ΔW1 between the max-
imum value W1 and the minimum value W2 of the reac-
tion is high, and the value of ΔW1/W1 is increased. This
means that the operating sensation (a so-called clicking
sensation) in the finger pressing the operating body 8 is
good. Conversely, in Fig. 5B, a difference ΔW2 between
the maximum value W3 and the minimum value W4 of
the reaction is relatively small, and the value of ΔW2/W3
is smaller than that of Fig. 4. This means that the oper-

ating sensation (the so-called clicking sensation) in the
finger pressing the operating body 8 is slightly deterio-
rated compared to that of Fig. 4.
[0039] As illustrated in Figs. 1 and 2, the ring-shaped
raised portion 15 is formed in the curved portion 12, and
the raised portion 15 is pressed by the stem 8b. When
the raised portion 15 is pressed by the stem 8b, the en-
tirety of the ring-shaped raised portion 15 of which the
rigidity is increased is more likely to move toward the
substrate 2. Therefore, even though the center of the
stem 8b is deviated from the center O1 of the curved
portion 12, a structure in which extreme deterioration of
the operating sensation is less likely to occur. However,
the part thereof where the protrusions 13a, 13b, and 13c
are formed is a substantially rigid body and may not have
a sufficient elastic function. Therefore, when the vicinity
of the protrusion is pressed, it becomes difficult for the
curved portion 12 to be inverted. Therefore, as illustrated
in Figs. 5A and 5B, it is difficult to avoid degradation of
a contact sensation.
[0040] Here, in the contact member 10 of this embod-
iment, the three protrusions 13a, 13b, and 13c are dis-
posed in different directions from those according to the
related art. Therefore, even though a force pressing the
curved portion 12 is exerted while being deviated from
the center O1 in any direction, excessive degradation of
the operating sensation is less likely to occur.
[0041] Fig. 7A shows simulation results of calculation
of ΔW2/W3 of Fig. 5B by moving the center of the stem
8b from the center 01 of the curved portion 12 by a dis-
tance of 0.1 mm so as to be distant in both the X and Y
directions. During the simulation, the diameter of the vir-
tual circle C on which the protrusions 13a, 13b, and 13c
are arranged was set to 0.3 mm, the diameter of the outer
peripheral contour 15b of the raised portion 15 was set
to 1.5 mm, and the diameter of the stem 8b was set to
1.7 mm.
[0042] α shown in Fig. 7A represents an area where
ΔW2/W33100 is equal to or greater than 45% when the
curved portion 12 is pressed while the center of the stem
8b is placed in the area, β represents an area where
ΔW2/W33100 is less than 45% when the curved portion
12 is pressed while the center of the stem 8b is placed
in the area. γ represents an area where ΔW2/W33100
is less than 35%.
[0043] Fig. 6 illustrates a contact member 110 of a com-
parative example. The shape and the diameter of an out-
er peripheral edge 11 of the contact member 110 and
the curvature of a curved portion 12 are the same as
those of the contact member 10 of the embodiment. The
shape and the size of a raised portion 15 of the contact
member 110 are also the same as those of the contact
member 10.
[0044] Protrusions 13d, 13e, and 13f are formed in the
contact member 110 toward a second side 10b. The
shapes of the protrusions 13d, 13e, and 13f and the sizes
of the contours thereof viewed from the substrate 2 side
are the same as those of the protrusions 13a, 13b, and
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13c of the contact member 10. The radius r of a virtual
circle C where the center points Od, Oe, and Of the pro-
trusions 13d, 13e, and 13f is also the same as that of the
contact member 10.
[0045] In the contact member 110 of this example, the
center point Od of the protrusion 13d is positioned on the
vertical center line Ox extending in the rolling direction
of a metal plate. A virtual line Le in which the center point
Oe of the protrusion 13e is positioned has an angle of
θ=30 degrees from the horizontal center line Oy, and a
virtual line Lf in which the center point Of of the protrusion
13f is positioned has an angle of θ=30 degrees from the
horizontal center line Oy.
[0046] In the comparative example illustrated in Fig. 6,
a change in the operating sensation when the center of
a stem 8b with a diameter of 1.7 mm is pressed against
the curved portion 12 while being displaced from the cent-
er O1 of the curved portion 12 in the X and Y directions,
is shown in Fig. 7B. α, β, and y of Fig. 7B represent areas
where ΔW2/W33100 determined when the center of a
stem 8b is placed in the areas is equal to or greater than
45%, less than 45%, and less than 35%, respectively, as
in Fig. 7A.
[0047] As illustrated in Fig. 7A, when the contact mem-
ber 10 of this embodiment is used, even when the center
of the stem 8b is pressed at a position displaced from
the center 01 of the curved portion 12 in each of the X
and Y directions, the ratio of ΔW2/W3 is not significantly
reduced, and a good operating sensation may be ob-
tained. Particularly, even when the center of the stem 8b
is displaced to the position of the virtual circle C or a
position slightly on the outside, extreme deterioration of
the operating sensation is less likely to occur.
[0048] As illustrated in Fig. 7B, in the case where the
contact member 110 of the comparative example is used,
when the center of the stem 8b is pressed against the
curved portion 12 while being placed in the vicinity of the
protrusion 13d, it can be seen that ΔW2/W33100 be-
comes less than 45% and thus the operating sensation
is extremely degraded.
[0049] In the contact member 10 of this embodiment
illustrated in Fig. 2, since the contours (the contours
viewed from the substrate 2 side) of all the protrusions
13a, 13b, and 13c are deviated from the vertical center
line Ox, even though the center of the stem 8b is deviated
to the vicinities of the protrusions 13a, 13b, and 13c, the
ratio of ΔW2/W3 is not significantly reduced. In addition,
since the center point Oa of the protrusion 13a is posi-
tioned on the horizontal center line Oy, the contours of
the other two protrusions 13b and 13c may be most dis-
tant from the vertical center line Ox. Accordingly, deteri-
oration of the operating sensation when the curved por-
tion 12 is pressed in the vicinities of the protrusions 13b
and 13c is suppressed to a minimum.
[0050] Conversely, the contact member 110 of the
comparative example illustrated in Fig. 6, the protrusion
13d is positioned immediately on the vertical center line
Ox. Therefore, when the center of the stem 8b is posi-

tioned in the vicinity of the protrusion 13d and the curved
portion 12 is pressed, the operating sensation in this part
is locally deteriorated.
[0051] Figs. 8 and 9 are explanatory views for explain-
ing the reason.
Fig. 8A is a diagram for explaining the operating sensa-
tion of the curved portion 12 where the protrusions 13a,
13b, and 13c are not present and only the raised portion
15 is provided.
[0052] Since the rolling direction of the metal leaf
spring material from which the contact member 10 is
made is the X direction, bending rigidity and bending elas-
tic modulus when the leaf spring material is bent in the
X direction (bent around the axis extending in the Y di-
rection) are low, and compared to this, bending rigidity
and bending elastic modulus when the leaf spring mate-
rial is bent in the Y direction (bent around the axis ex-
tending in the X direction) are increased.
[0053] The inversing operation of the curved portion
12 being pressed is influenced by the bending rigidity
and the bending elastic modulus in a direction along the
line connecting the pressing point and the center 01. As
the bending rigidity and the bending elastic modulus in
the direction along the line connecting the pressing point
and the center O1 are increased, the center O1 of the
curved portion 12 is more likely to be inversed toward
the substrate 2, the difference between the maximum
value W3 and the minimum value W4 of the reaction is
increased, and thus the operating sensation (the
so-called clicking sensation) is enhanced.
[0054] As illustrated in Fig. 8A, when the rolling direc-
tion of the leaf spring material is the X direction, an area
A where the operating sensation is not significantly
changed when the pressing point is displaced from the
center O1 is short in the X direction and is lengthened in
the Y direction. As shown by reference numeral A1, on
the vertical center line Ox, an area where the operating
sensation is deteriorated when the pressing point is dis-
placed approaches the center O1.
[0055] In addition, anisotropy of the operating sensa-
tion caused by the rolling direction illustrated in Fig. 8A
is also the same in a contact member where the raised
portion 15 is not provided.
[0056] Fig. 8B is a diagram for explaining the relation-
ship between the arrangement direction of the protru-
sions 13a, 13b, and 13c formed in the curved portion 12
and the operating sensation.
[0057] The parts where the protrusions 13a, 13b, and
13c are formed are in a state in which the rigidity of the
metal plate is locally high and is close to a rigid body.
Therefore, when the pressing point pressing the curved
portion 12 is set to the vicinities of the protrusions 13a,
13b, and 13c, the curved portion 12 is less likely to be
elastically deformed, and the ratio of ΔW2/W3 when the
curved portion 12 is inverted is reduced. Conversely, an
area between the adjacent protrusions 13a and 13b is
less likely to be influenced by the protrusions, and thus
a good operating sensation may be maintained when the
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area is pressed at a position distant from the center 01.
This is similar to an area between the adjacent protru-
sions 13b and 13c and an area between the protrusions
13c and 13a.
[0058] As illustrated in Fig. 8B, focusing on the influ-
ence of the protrusions 13a, 13b, and 13c, when the
curved portion 12 is pressed while the position thereof is
displaced from the center O1, an area B where the op-
erating sensation is high and is not deteriorated becomes
a substantially triangular area.
[0059]  In the contact member 10 of this embodiment,
since the contours of the protrusions 13b and 13c are
separated from the vertical center line Ox, as illustrated
in Fig. 8B, a part B1 (the center portion of the side of the
triangular area B) in the area B where the operating sen-
sation is more likely to be degraded is distant from a part
A1 where the operating sensation is more likely to be
degraded due to the rolling direction illustrated in Fig. 8B.
As a result, as illustrated in Fig. 7A, in a wide range from
the center O1 in each of the X and Y directions, even
though the center of the stem 8b is deviated, deterioration
of the operating sensation is less likely to occur.
[0060] Conversely, as in the contact member 110 of
the comparative example, when the protrusion 13d is dis-
posed on the vertical center line Ox, as illustrated in Fig.
9B, the direction of a triangular area E where the oper-
ating sensation is high and is not deteriorated becomes
different from that of Fig. 8B. As illustrated in Fig. 9B, the
periphery of the protrusion 13d positioned on the vertical
center line Ox is a part E1 where the operating sensation
is degraded when the position of the periphery is pressed.
As illustrated in Fig. 9A, since the part E1 overlaps with
the part A1 where the operating sensation is degraded
due to the extension direction of the metal plate, as illus-
trated in Fig. 7B, the operating sensation of the periphery
of the protrusion 13d when the curved portion 12 is
pressed at the position of the periphery is locally degrad-
ed.
[0061]  Fig. 10 illustrates a contact member 30 of an-
other embodiment of the invention.
In the contact member 30, the shape and the size of a
raised portion 15 formed in a curved portion 12 are the
same as those of the contact member 10 illustrated in
Figs. 1 and 2. Protrusions 13g, 13h, and 13i are formed
at equal distances from the center O1, and the radius r
of a virtual circle C on which the center points thereof are
positioned is the same as that of the contact member 10.
Opening angles between virtual lines Lg, Lh, and Li pass-
ing through the center O1 and the center points of the
respective protrusions are 120 degrees.
[0062] In Fig. 10, an angle θ1 between the virtual line
Lg and the vertical center line Ox is less than 30 degrees,
and an angle θ2 between the virtual line Lh and the ver-
tical center line Ox exceeds 30 degrees. Therefore, the
protrusion 13g approaches the vertical center line Ox.
However, the circular contour of the protrusion 13g
viewed from the substrate 2 side is distant from the ver-
tical center line Ox. Therefore, the part E1 where the

operating sensation is deteriorated due to the presence
of the protrusion illustrated in Figs. 9A and 9B may be
prevented from overlapping with or approaching the part
A1 where the operating sensation is deteriorated due to
the influence of the extension direction. Therefore, unlike
the contact member 110 of the comparative example, an
area where the operating contact is deteriorated may be
prevented from being locally generated.
[0063]  In addition, the invention is not limited to the
embodiments. For example, the number of protrusions
may be equal to or greater than 4, and the contours of
the individual protrusions viewed from the substrate side
may not be circular.

REFERENCE NUMERALS

[0064]

1 switch device
2 substrate
3 outside fixed contact
4 center fixed contact
5 flexible sheet
8 operating body
8b stem
10 contact member
10a first side
10b second side
12 curved portion
13a, 13b, 13c protrusion
15 raised portion
20 hoop material
O1 center of curved portion
Ox vertical center line
Oy horizontal center line

Claims

1. A contact member, comprising:

a curved portion which is formed of a rolled con-
ductive metal plate and protrudes toward a first
side, the curved portion being elastically deform-
able toward a second side; and
a plurality of protrusions formed to protrude to-
ward the second side from the curved portion,
wherein all the protrusions are formed at posi-
tions that do not overlap with a vertical center
line extending in parallel to a rolling direction
through a center of the curved portion.

2. The contact member according to claim 1, wherein
contours of all the protrusions when viewed from the
second side are positioned to be distant from the
center line.

3. The contact member according to claim 1, wherein
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the protrusions are positioned at equal distances
from the center of the curved portion.

4. The contact member according to claim 2, wherein
the protrusions are positioned at equal distances
from the center of the curved portion.

5. The contact member according to claim 3, wherein
center points of the plurality of protrusions are dis-
posed at equal angles with respect to the center of
the curved portion.

6. The contact member according to claim 4, wherein
center points of the plurality of protrusions are dis-
posed at equal angles with respect to the center of
the curved portion.

7. The contact member according to claim 5, wherein
the number of the protrusions is 3, and a center point
of one of the protrusions is positioned on a horizontal
center line orthogonal to the vertical center line
through the center of the curved portion.

8. The contact member according to claim 6, wherein
the number of the protrusions is 3, and a center point
of one of the protrusions is positioned on a horizontal
center line orthogonal to the vertical center line
through the center of the curved portion.

9. The contact member according to any one of claims
1 to 8, further comprising a raised portion formed to
protrude toward the first side from the curved portion,
wherein the raised portion is provided at a position
farther from the center of the curved portion than the
protrusions, and
the raised portion is formed continuously or intermit-
tently along an arc with a predetermined radius from
the center.

10. The contact member according to any one of claims
1 to 8, wherein the first side of a plurality of the metal
plates having the curved portion is fixed to a flexible
synthetic resin sheet.

11. The contact member according to claim 9, wherein
the first side of a plurality of the metal plates having
the curved portion is fixed to a flexible synthetic resin
sheet.

12. A switch device comprising:

a substrate having a plurality of fixed contacts
on a surface,
the contact member according to any one of
claims 1 to 8 of which the second side is installed
so as to face the surface of the substrate,
wherein a peripheral part of the curved portion
of the metal plate comes in contact with any of

the fixed contacts, and
the protrusions oppose the other fixed contacts.

13. A switch device comprising:

a substrate having a plurality of fixed contacts
on a surface,
the contact member according to claim 9 of
which the second side is installed so as to face
the surface of the substrate,
wherein a peripheral part of the curved portion
of the metal plate comes in contact with any of
the fixed contacts, and
the protrusions oppose the other fixed contacts.

14. A switch device comprising:

a substrate having a plurality of fixed contacts
on a surface,
the contact member according to claim 10 of
which the second side is installed so as to face
the surface of the substrate,
wherein a peripheral part of the curved portion
of the metal plate comes in contact with any of
the fixed contacts, and
the protrusions oppose the other fixed contacts.

15. A switch device comprising:

a substrate having a plurality of fixed contacts
on a surface,
the contact member according to claim 11 of
which the second side is installed so as to face
the surface of the substrate,
wherein a peripheral part of the curved portion
of the metal plate comes in contact with any of
the fixed contacts, and
the protrusions oppose the other fixed contacts.
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