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(57)  In a connector, when an elastic member (4) is .

in a non-connected state, a restoring force vector (81) of Fig. 7
the elastic member (4) approximately coincides with a
straight line connecting a first portion (513) and a second
portion (514), i.e., a reference line (82), and the restoring
force and the reaction force are balanced. Thus, the po-
sition of an operating section (5) is maintained and the
elastic member (4) is maintained in the non-connected
state. When the position of the operating section (5) is
changed and the restoring force vector (81) deviates from
the reference line (82) while an electric cable is inserted
between a terminal (3) and the elastic member (4) in the
non-connected state, the elastic member (4) is restored
from the non-connected state by the restoring force and
transitions to a connected state in which the electric cable
is sandwiched between the terminal (3) and the elastic
member (4). This simplifies the structure of the connec-
tor.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a connector for
connecting an electric cable.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application claims priority benefit of Japa-
nese Patent Application No. JP2020-122599 filed in the
Japan Patent Office on July 17, 2020 and Japanese Pat-
ent Application No. JP2020-169408 filed in the Japan
Patent Office on October 6, 2020, the entire disclosures
of which are incorporated herein by reference.

BACKGROUND ART

[0003] So-called push-in connectors have convention-
ally been used as connectors for connecting electric ca-
bles in control boards or any other devices. In these con-
nectors, an electric cable is inserted into an insertion hole
of a case and pressed against a conducting terminal by
a plate spring provided in the case to establish electrical
connection.

[0004] Forexample, awire connector disclosed in Jap-
anese PatentNo. 4202125 (Document 1) is provided with
a rod-like operation button that is capable of advancing
and retracting into and from a housing. In the wire con-
nector, the rod-like operation button is pressed against
the housing so that a plate spring in the housing becomes
elastically deformed and separated from a conductive
metal fitting. The tip end of the rod-like operation button
is engaged with the plate spring to maintain the shape
of the plate spring. This allows an open state to be main-
tained in which the plate spring is separated from the
conductive metal fitting. Then, after the electric cable is
inserted into the wire connector in the open state, the
rod-like operation button is pulled out of the housing so
as to cause the plate spring to return elastically and sand-
wich the electric cable between the conductive metal fit-
ting and the plate spring.

[0005] When connecting an electric cable, the wire
connector requires the rod-like operation button to be
pulled out of the housing while maintaining a state in
which the electric cable is inserted in the wire connector
in the open state. This complicates the operation of con-
necting the electric cable and has difficulty in shortening
the time required for the connection operation. Besides,
an operator needs to hold the electric cable in one hand
and to operate the rod-like operation button with the other
hand. This makes a one-hand connection operation dif-
ficult.

[0006] Meanwhile, in a connection device disclosed in
Japanese Patent No. 6675004 (Document 2), an opera-
tion part is pressed into a case to bend a plate spring that
has contact with the operation part to a non-connected
state, and the operation part in this state is locked in a
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stepped portion of the case to maintain the plate spring
in the non-connected state. In the connection device, the
electric cable inserted in the case presses a state releas-
er to rotate the state releaser and thereby to cause the
state releaser to push the above operation part out of the
stepped portion of the case. Accordingly, the locking of
the operation part in the case is released, and the plate
spring is restored and sandwiches the electric cable be-
tween the terminal part and the plate spring. This facili-
tates the operation of connecting the electric cable.
[0007] By the way, the connection device according to
Document 2 needs toinclude the stepped portion for lock-
ing the operation part and the state releaser for releasing
the locking of the operation part. This may complicate
the structure of the connection device.

SUMMARY OF THE INVENTION

[0008] The presentinvention is directed to a connector
for connecting an electric cable, and it is an object of the
present invention to simplify the structure of the connec-
tor.

[0009] A connector according to a preferable embod-
iment of the present invention includes a case, a conduc-
tive terminal fixed to the case, an elastic member that is
attached to the case and that presses an electric cable
against the terminal by restoring force to sandwich the
electric cable between the terminal and the elastic mem-
ber, and an operating section that applies a force to the
elastic member to bend the elastic member from an initial
state to a non-connected state and to maintain the elastic
member in the non-connected state. The operating sec-
tion includes a first portion that the restoring force of the
elastic member acts on, and a second portion that de-
velops areaction force against the restoring force. A vec-
tor of the restoring force is regarded as a restoring force
vector, and a straight line connecting the first portion and
the second portion is regarded as a reference line. When
the elastic member is in the non-connected state, the
restoring force vector approximately coincides with the
reference line, and the restoring force and the reaction
force are balanced to maintain a position of the operating
section and to maintain the elastic member in the non-
connected state, and when the position of the operating
section is changed and the restoring force vector devi-
ates from the reference line while the electric cable is
inserted between the terminal and the elastic member in
the non-connected state, the elastic member is restored
from the non-connected state by the restoring force and
transitions to a connected state in which the electric cable
is sandwiched between the terminal and the elastic mem-
ber.

[0010] Accordingly, the connector has a simplified
structure.

[0011] Preferably, the position of the operating section
is maintained even in a state in which the elastic member
is further bent in the non-connected state.

[0012] Preferably, the operating section includes a
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cam that rotates about a rotating shaft. The cam comes
in contact with the elastic member at the first portion and
comes in contact with the rotating shaft at a bearing that
serves as the second portion. When the elastic member
transitions to the non-connected state, the cam rotates
to increase a distance between the first portion and the
rotating shaft and to bend the elastic member, and when
the restoring force vector approximately coincides with
the reference line, a rotational position of the operating
section is maintained and the elastic member is main-
tained in the non-connected state.

[0013] Preferably, when the electric cable is connected
to the connector, a force is directly or indirectly transmit-
ted from the electric cable inserted to the operating sec-
tion to change the position of the operating section and
to deviate the restoring force vector from the reference
line.

[0014] Preferably, when the electric cable is connected
to the connector, the electric cable inserted comes in
direct contact with the operating section to change the
position of the operating section.

[0015] Preferably, the operating section includes an
electric-cable receiver that comes in direct contact with
a tip end of the electric cable. The electric-cable receiver
has a receiving face that expands from the tip end of the
electric cable to a surrounding.

[0016] Preferably, when the electric cable is connected
to the connector, the electric cable inserted comes in
direct contact with the elastic member and deforms the
elastic member to apply a force to the operating section
via the elastic member and to change the position of the
operating section.

[0017] Preferably, the elastic member includes an
electric-cable receiver that comes in direct contact with
atip end of the electric cable, and a releaser that extends
from the electric-cable receiver toward the operating sec-
tion. The electric-cable receiver has a receiving face that
expands from the tip end of the electric cable to a sur-
rounding. When the receiving face is pushed by the elec-
tric cable toward an inner side in a direction of insertion
of the electric cable, the elastic member becomes de-
formed, and the releaser comes in contact with the op-
erating section to apply a force of rotating the cam to the
operating section.

[0018] Preferably, the case has a guide face that ex-
tends linearly. The elastic member extends along the
guide face. The operating section includes an advanc-
ing/retracting part that is located between the elastic
member and the guide face and that moves linearly in a
predetermined advancing and retracting direction while
coming in contact with the elastic member at the first
portion and in contact with the guide face at the second
portion. A distance between the elastic member and the
guide face decreases from one side to the other side in
the advancing and retracting direction. When the elastic
member transitions to the non-connected state, the ad-
vancing/retracting part moves from the one side to the
other side in the advancing and retracting direction to
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bend the elastic member, and when the elastic member
becomes approximately parallel to the guide face, and
the restoring force vector approximately coincides with
the reference line in a position in which the elastic mem-
ber comes in contact with the first portion, a position of
the operating section in the advancing and retracting di-
rection is maintained and the elastic member is main-
tained in the non-connected state. When the electric ca-
ble is connected to the connector, the operating section
moves from the other side to the one side in the advancing
and retracting direction to deviate the restoring force vec-
tor from the reference line and to effect a transition of the
elastic member from the non-connected state to the con-
nected state by the restoring force.

[0019] Preferably, when the electric cableis connected
to the connector, a force is directly or indirectly transmit-
ted from the electric cable inserted to the operating sec-
tion to move the operating section from the other side to
the one side in the advancing and retracting direction and
to deviate the restoring force vector from the reference
line.

[0020] Preferably, the operating section includes an
approximately disk-like or columnar rotator that has a
notch in part of a circumference thereof and a projection
in another part of the circumference. The case includes
a concave operating-section placement part having an
inner surface that forms part of an approximately cylin-
drical surface. The rotator is placed on the operating-
section placement part to come in contact with the elastic
member at the first portion that forms part of the notch
and to come in contact with the inner surface of the op-
erating-section placement part at the second portion that
serves as the projection. When the elastic member tran-
sitions to the non-connected state, the rotator rotates in
a first rotation direction to bend the elastic member, and
when the restoring force vector approximately coincides
with the reference line, a rotational position of the rotator
is maintained and the elastic member is maintained in
the non-connected state. When the electric cable is con-
nected to the connector, the rotator is moved to an inner
side in a direction of insertion of the electric cable to de-
viate the restoring force vector from the reference line,
and when the rotator is rotated in a second rotation di-
rection opposite to the first rotation direction by the re-
storing force, the elastic member transitions from the
non-connected state to the connected state.

[0021] Preferably, when the electric cableis connected
to the connector, a force is directly or indirectly transmit-
ted from the electric cable inserted to the operating sec-
tion to move the rotator to an inner side in the direction
of insertion of the electric cable and to deviate the restor-
ing force vector from the reference line.

[0022] Preferably, the elastic member includes an
electric-cable contact part that comes in direct contact
with the electric cable in the connected state. A travel
path of the electric-cable contact part does not overlap
with a motion space of the operating section at least when
the elastic member transitions from the non-connected
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state to the connected state.

[0023] Preferably, part of the operating section
projects from the case.

[0024] Preferably, when the elastic member is in the
non-connected state, part of the operating section
projects from the case. When the elastic member is in
the connected state, the part of the operating section is
located inside the case.

[0025] Preferably, the connector further includes a vis-
ually recognizable identifier that indicates a state of the
elastic member.

[0026] Preferably, the elastic member is a plate spring.
[0027] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the ac-
companying drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0028]

Fig. 1 is a perspective view of a connector according
to a first embodiment.

Fig. 2 is a longitudinal sectional view of the connec-
tor.

Fig. 3 is an enlarged sectional view of an area in the
vicinity of an operating section.

Fig. 4 is an enlarged sectional view of the area in the
vicinity of the operating section.

Fig. 5 is a perspective view of the connector.

Fig. 6 is a longitudinal sectional view of the connec-
tor.

Fig. 7 is an enlarged sectional view of the area in the
vicinity of the operating section.

Fig. 8 is an illustration of the relationship between
the travel distance of the operating section and the
rotation moment.

Fig. 9 is a longitudinal sectional view of the connec-
tor.

Fig. 10 is an enlarged sectional view of the area in
the vicinity of the operating section.

Fig. 11 is a perspective view of the connector.

Fig. 12 is a longitudinal sectional view of the connec-
tor.

Fig. 13 is an enlarged sectional view of an area in
the vanity of the operating section.

Fig. 14 is an enlarged sectional view of the area in
the vicinity of the operating section.

Fig. 15 is an illustration of the relationship between
the travel distance of the operating section and the
rotation moment.

Fig. 16 is an enlarged sectional view of an area in
the vicinity of an operating section of a connector
according to a second embodiment.

Fig. 17 is a longitudinal sectional view of the connec-
tor.

Fig. 18 is a longitudinal sectional view of the connec-
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tor.

Fig. 19is a longitudinal sectional view of the connec-
tor.

Fig. 20 is a longitudinal sectional view of the connec-
tor.

Fig. 21 is a longitudinal sectional view of the connec-
tor.

Fig. 22 is a longitudinal sectional view of the connec-
tor.

Fig. 23 is an enlarged sectional view of an area in
the vicinity of an operating section of a connector
according to a third embodiment.

Fig. 24 is a plan view of the operating section and
an elastic member.

Fig. 25 is a longitudinal sectional view of the connec-
tor.

Fig. 26 is a longitudinal sectional view of the connec-
tor.

Fig. 27 is a longitudinal sectional view of the connec-
tor.

Fig. 28 is a longitudinal sectional view of the connec-
tor.

Fig. 29 is a longitudinal sectional view of the connec-
tor.

Fig. 30 is an enlarged sectional view of an area in
the vicinity of an operating section of a connector
according to a fourth embodiment.

Fig. 31 is alongitudinal sectional view of the connec-
tor.

Fig. 32 is a longitudinal sectional view of the connec-
tor.

Fig. 33 is a longitudinal sectional view of the connec-
tor.

Fig. 34 is a longitudinal sectional view of the connec-
tor.

Fig. 35is a longitudinal sectional view of the connec-
tor.

Fig. 36 is an enlarged sectional view of an area in
the vicinity of an operating section of a connector
according to a fifth embodiment.

Fig. 37 is a longitudinal sectional view of the connec-
tor.

Fig. 38 is a longitudinal sectional view of the connec-
tor.

Fig. 39is a longitudinal sectional view of the connec-
tor.

Fig. 40 is a longitudinal sectional view of the connec-
tor.

Fig. 41 is a longitudinal sectional view of the connec-
tor

DESCRIPTION OF EMBODIMENTS

[0029] Fig. 1 is a perspective view of a connector 1
according to a first embodiment of the present invention.
Fig. 2 is a longitudinal sectional view of the connector 1.
Fig. 2 also shows a configuration on the rear side of the
section. For convenience inillustration, Fig. 2 omits cross
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hatching in the section of part of the configuration (e.g.,
an elastic member 4). The same applies to the other sec-
tional views. The connector 1 is a push-in connector for
connecting an electric cable. Figs. 1 and 2 show a state
in which an electric cable is not inserted in the connector
1. Forexample, the connector 1 may be usedin aterminal
strip such as a control board.

[0030] In the following description, the up-down direc-
tion and the right-left direction in Fig. 2 are also simply
referred to as the "up-down direction" and the "right-left
direction." The direction perpendicular to the plane of the
drawing in Fig. 2 is also referred to as the "thickness
direction." Fig. 2 shows a section on the front side of the
center in the thickness direction of the connector 1. The
up-down direction, the right-left direction, and the thick-
ness direction do not necessarily have to coincide with
those at the time of attachment for use of the connector
1. The up-down direction does not necessarily have to
coincide with the direction of gravity. Almost the same
applies to the other embodiments.

[0031] The connector 1 includes a case 2, a terminal
3, an elastic member 4, and an operating section 5. The
case 2 houses the terminal 3, the elastic member 4, and
the operating section 5 therein. The case 2 may be made
of, for example, resin. In the example illustrated in Figs.
1and 2, the case 2 has two insertion holes 21, each being
capable of receiving an electric cable inserted therein.
Inside the case 2, two terminals 3, two elastic members
4, and two operating sections 5 are arranged. In other
words, the connector 1 includes two sets of the terminal
3, the elastic member 4, and the operating section 5.
Note that the connector 1 may include one set, or three
or more sets, of the terminal 3, the elastic member 4, and
the operating section 5.

[0032] Each set of the terminal 3, the elastic member
4, and the operating section 5 is arranged in a one-to-
one correspondence with one of the insertion holes 21.
The two sets of the terminal 3, the elastic member 4, and
the operating section 5 are the same in shape, size, and
other features and arranged in bilateral symmetry. Fo-
cusing on the insertion hole 21 on the right side in Fig.
2, the terminal 3 is located above the insertion hole 21
and extends in the right-left direction. The elastic member
4 is located below the terminal 3. The operating section
5 is located above the elastic member 4. The operating
section 5 is arranged on the rear side of the terminal 3
in the Fig. 2. The elastic member 4 partly overlaps with
the terminal 3 and the operating section 5 in the up-down
direction.

[0033] Each terminal 3 is an approximately plate-like
conductive member fixed to the case 2. The terminal 3
may be made of, for example, metal. The terminal 3 on
the right side and the terminal 3 on the left side in Fig. 2
are electrically connected to each other via a conductive
terminal joint 32 that extends in the right-left direction
below the two terminals 3. Forexample, the two terminals
32 and the terminal joint 32 form an integral member.
[0034] Each elastic member 4 is an elastically deform-
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able member attached to the case 2. In the example il-
lustrated in Fig. 2, the elastic member 4 is an approxi-
mately band-like plate spring. The elastic member 4 may
be made of, for example, metal. The elastic member 4
may be formed of a conductive material, or may be
formed of an insulating material such as resin. For ex-
ample, the elastic member 4 may have a shape that is
bentin an approximately L-, V-, or U-letter shape around
the central portion in the longitudinal direction. In the fol-
lowing description, the above bent portion of the elastic
member 4 is referred to as a "bent portion 41." Moreover,
out of two portions of the elastic member 4 that extends
sideway from the bent portion 41, one that is located on
the lower side is referred to as a "fixed portion 42," and
the other that is located above the fixed portion 42 is
referred to as a "movable portion 43."

[0035] The case 2 is provided with approximately co-
lumnar elastic-member supporters 22 that extend in the
thickness direction, and grooves are formed by parts of
the elastic-member supporters 22 surrounded by the oth-
er portions of the case 2 in the circumferential direction.
The bent portions 41 of the elastic members 4 are insert-
edinto these grooves so as to attach the elastic members
4 to the case 2.

[0036] Focusing on the elastic member 4 on the right
side in Fig. 2, the fixed portion 42 of the elastic member
4 extends leftward from the bent portion 41 in approxi-
mately parallel with the right-left direction below the elas-
tic-member supporter 22. The above terminal joint 32
extending in the right-left direction is in contact with the
underside of the fixed portion 42 to restrict downward
movement of the fixed portion 42. The fixed portion 42
is therefore substantially fixed to the case 2.

[0037] The movable portion 43 of the elastic member
4 extends to the upper left from the bent portion 41 above
the elastic-member supporter 22. In the example illus-
trated in Fig. 2, the movable portion 43 once extends to
the lower left, then bends upward in the vicinity of the left
end portion of the elastic-member supporter 22, and ex-
tends to the upper left as it moves leftward away from
the upper end portion of the elastic-member supporter
22. Thetip end (i.e., the left end in Fig. 2) of the movable
portion 43 is in contact with the approximately central
portion in the right-left direction of the terminal 3 from the
underside. The movable portion 43 is also in contact with
the operating section 5 from the underside. As will be
described later, the movable portion 43 is pushed down
by the operating section 5 to become elastically deformed
and bent downward using the upper end portion of the
elastic-member supporter 22 as a fulcrum and to become
separated below from the terminal 3. When the down-
ward pressure against the movable portion 43 is relieved,
the movable portion 43 returns to its original state by the
restoring force (i.e., returns elastically).

[0038] In the state illustrated in Fig. 2, the tip end of
the movable portion 43 of the elastic member 4 is in con-
tact with the terminal 3 from the underside as described
above. Thus, the path of insertion of an electric cable,
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which will be described later, is closed by the movable
portion 43 of the elastic member 4 inside the insertion
hole 21 (i.e., in the side closer to the central portion of
the case 2 in the right-left direction). The state illustrated
in Figs. 1 and 2 is the state before an electric cable is
inserted in the insertion holes 21, i.e., the state before
use of the connector 1. In the following description, this
state is also referred to as the "initial state."

[0039] In the initial state (i.e., an insertion-hole closed
state), the elastic member 4 slightly bends in a direction
in which the fixed portion 42 and the movable portion 43
approach each other. This prevents the elastic member
4 from dropping off the case 2. This also helps providing
sufficient holding power (i.e., gripping power) when an
electric cable is sandwiched between the elastic member
4 and the terminal 3, even if the electric cable is relatively
thin.

[0040] The operating sections 5 each include a cam
51, an actuator 52, and an electric-cable receiver 53. The
cam 51 is an approximately rectangular parallelepiped
portion arranged inside the case 2 (i.e., inward of the
outer edge of the case 2). The cam 51 is in contact with
the movable portion 43 of the elastic member 4 from
above. The cam 51 has a through hole extending in the
thickness direction and provided with a bearing 54. The
bearing 54 is fitted with an approximately columnar ro-
tating shaft 24 provided in the case 2 and extending in
the thickness direction. The cam 51 is supported by the
case 2 so as to be rotatable about the rotating shaft 24
in aplane thatis approximately perpendicular to the thick-
ness direction. The cam 51 and the rotating shaft 24 over-
lap with the terminal 3 in the thickness direction and are
located on the rear side of the terminal 3 in Fig. 2.
[0041] The actuator 52 is an approximately tubular or
approximately rod-like member that extends diagonally
upward and approximately linearly from the cam 51. In
the example illustrated in Figs. 1 and 2, the actuator 52
is an approximately rectangular tubular member having
a hole 521 that is open at the upper end and that has a
rectangular sectional shape. As will be described later,
the hole 521 is capable of receiving the tip end of a tool
such as a minus driver inserted therein. The upper end
portion of the actuator 52 projects diagonally upward from
the outer edge (i.e., outer contour) of the case 2.
[0042] The electric-cable receiver 53 is an approxi-
mately plate-like or approximately rod-like member that
extends inward in the right-left direction (i.e., to the side
closer to the central portion of the case 2 in the right-left
direction) from the approximately central portion of the
actuator 52 in the longitudinal direction. In the example
illustrated in Figs. 1 and 2, the electric-cable receiver 53
bends so as to approach the cam 51 in the longitudinal
direction of the actuator 52 as it is separated away from
the joint with the actuator 52. In other words, the electric-
cable receiver 53 extends from the joint with the actuator
52 toward the cam 51 rather than in a direction perpen-
dicular to the longitudinal direction of the actuator 52.
[0043] Fig. 3 is alongitudinal sectional view illustrating
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an area in the vicinity of the operating section 5 located
on the right side in Fig. 2 in enlarged dimensions. As
illustrated in Fig. 3, the cam 51 of the operating section
5 has an approximately rectangular shape having two
long sides 511 and two short sides 512 when viewed
from the front (i.e., the shape when viewed from the front
side in the thickness direction in Fig. 3). The long sides
511 extend upward toward the inside in the right-left di-
rection. The short sides 512 extend downward toward
the inside in the right-left direction.

[0044] The bearing 54 is located in the vicinity of the
corner formed by the long side 511 on the lower side and
the short side 512 on the outer side in the right-left direc-
tion (i.e., the lower right corner in Fig. 3). The cam 51
has the shortest distance between the center of the ro-
tating shaft 24 and the outer edge of the cam 51 in a
direction that passes through the center of the rotating
shaft 24 and that is perpendicular to the long side 511
on the lower side of the cam 51. The distance between
the center of the rotating shaft 24 and the outer edge of
the cam 51 increases in the clockwise direction about
the center of the rotating shaft 24 from the direction that
has the minimum distance.

[0045] In the initial state illustrated in Fig. 3, the face
of the cam 51 that corresponds to the long side 511 on
the lower side (i.e., thelower face)is in surface-to-surface
contact with the upper face of the movable portion 43 of
the elastic member 4. The operating section 5 is rotatable
in the counterclockwise direction about the rotating shaft
24 in Fig. 3 from the initial state. When the operating
section 5 rotates counterclockwise from the initial state,
the restoring force of the elastic member 4 acts on a
portion of the cam 51 that is in contact with the elastic
member 4. In the following description, the portion of the
operating section 5 that the restoring force of the elastic
member 4 acts on is referred to as a "first portion 513."
Moreover, a portion of the operating section 5 that de-
velops a reaction force against the restoring force (i.e.,
bearing 54) is referred to as a "second portion 514."
[0046] Next, a procedure for connecting an electric ca-
ble to the connector 1 will be described. The following
description is given of how an electric cable is connected
into the insertion hole 21 on the right side in Fig. 2. In the
case of connecting an electric cable into the insertion
hole 21 on the left side in Fig. 2, an operator performs
approximately the same operation, except that the right
and left sides are reversed.

[0047] First, the operating section 5 is rotated counter-
clockwise about the rotating shaft 24 in Fig. 3 from the
initial state illustrated in Figs. 1 to 3. For the rotation of
the operating section 5, for example, the operator may
insert the tip end portion of an ordinary tool such as a
minus driver into the hole 521 of the actuator 52 of the
operating section 5 and move the tool leftward. As an
alternative, the operator may hold the tip end portion of
the actuator 52 between his/her fingers and move the
actuator 52 leftward.

[0048] Fig. 4 shows a state in which the operating sec-
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tion 5 is rotated approximately 30 degrees in the coun-
terclockwise direction from the initial state (see Fig. 3).
The state illustrated in Fig. 4 is a state in which the op-
erating section 5 is rotated halfway, and does not corre-
spond to a connected state and a non-connected state,
which will be described later. In the state illustrated in
Fig. 4, a portion of the cam 51 thatis located in the vicinity
of the corner at the lower left of the rotating shaft 24
serves as the first portion 513 that comes in contact with
the elastic member 4. The first portion 513 moves on the
cam 51 with the rotation of the cam 51. As illustrated in
Figs. 3 and 4, the counterclockwise rotation of the oper-
ating section 5 increases the minimum distance between
the center of the rotating shaft 24 and the first portion
513. In the following description, the minimum distance
between the center of the rotating shaft 24 and the first
portion 513 is also simply referred to as the distance be-
tween the rotating shaft 24 and thefirst portion 513. When
this distance increases and a downward force is applied
from the operating section 5 to the elastic member 4, the
elastic member 4 becomes bent and deformed. Specifi-
cally, the movable portion 43 of the elastic member 4 is
pushed down and separated below from the terminal 3.
[0049] In Fig. 4, a vector of the restoring force of the
elastic member 4 acting on the first portion 513 of the
operating section 5 (hereinafter, also referred to as the
"restoring force vector") is indicated by the bold arrow
with the reference sign of 81. The starting point position
of the restoring force vector 81 is the first portion 513 of
the operating section 5. Also, a reference line 82 that is
a virtual straight line connecting the first portion 513 and
the second portion 514 is indicated by the dashed double-
dotted line. The second portion 514 corresponds to the
bearing 54 of the operating section 5 as described above,
and to be more specific, a point of intersection of the
bearing 54 with a virtual straight line that connects the
first portion 513 and the center of the rotating shaft 24.
Like the first portion 513, the second portion 514 also
moves on the bearing 54 with the rotation of the cam 51.
In Fig. 4, the reference line 82 is indicated as the straight
line connecting the first portion 513 and the center of the
rotating shaft 24. The same applies to the drawings de-
scribed later.

[0050] In the state illustrated in Fig. 4, the restoring
force vector 81 does not coincide with the reference line
82 and is directed upward while being inclined to the left
from the reference line 82. Thus, the restoring force of
the elastic member 4 produces a clockwise rotation mo-
ment on the cam 51. That is, unless the operator contin-
ues to apply a force to the operating section 5 in the state
illustrated in Fig. 4, the elastic member 4 and the oper-
ating section 5 will return to the initial state illustrated in
Fig. 3.

[0051] In the actual operation, the operator further ro-
tates the operating section 5 to a state illustrated in Figs.
5 to 7 (hereinafter, referred to as a " non-connected
state") without stopping the operating section 5 in the
state illustrated in Fig. 4. Figs. 5 and 6 are respectively
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a perspective view and a longitudinal sectional view of
the connector 1 in the non-connected state. Fig. 7 is an
enlarged view illustrating an area in the vicinity of the
operating section 5 on the right side in Fig. 6.

[0052] Inthe non-connected state illustrated in Figs. 5
to 7, the upper end portion of the actuator 52 of the op-
erating section 5 is in contact with the case 2. This re-
stricts the movement of the operating section 5 and pre-
vents the operating section 5 from further rotating coun-
terclockwise. In the non-connected state, the electric-ca-
ble receiver 53 of the operating section 5 extends down-
ward from the vicinity of the inner end portion of the ter-
minal 3 in the right-left direction. The lower end portion
of the electric-cable receiver 53 is located on the path of
insertion of an electric cable, which will be described later.
In the non-connected state, the portion of the cam 51 that
is located in the vicinity of the corner below the rotating
shaft 24 serves as the first portion 513 that comes in
contact with the movable portion 43 of the elastic member
4. The movable portion 43 of the elastic member 4 ex-
tends in an approximately tangential direction of the cam
51 at the first portion 513.

[0053] As illustrated in Fig. 7, if the operating section
5 is further rotated counterclockwise from the state illus-
trated in Fig. 4, the distance between the rotating shaft
24 and the first portion 513 further increases and the
degree of bend of the elastic member 4 increases as well.
Specifically, the movable portion 43 of the elastic mem-
ber 4 is further pushed down and largely separated below
from the terminal 3. As a result, the path of insertion of
the electric cable described later is opened. The angle
formed by the restoring force vector 81 and the reference
line 82 decreases, and the restoring force vector 81 ap-
proaches the reference line 82 as the operating section
5 further rotates in the counterclockwise direction. This
reduces the clockwise rotation moment acting onthe cam
51 produced by the restoring force of the elastic member
4.

[0054] In the non-connected state illustrated in Fig. 7,
the restoring force vector 81 approximately coincides
with the reference line 82, and the restoring force of the
elastic member 4 and the reaction force developed
against the restoring force by the operating section 5 are
balanced. Thus, neither the clockwise rotation moment
nor the counterclockwise rotation moment acts on the
cam 51. Accordingly, even if the operator moves his/her
hand off the operating section 5 (i.e., even in a state in
which the operator does not apply any force to the oper-
ating section 5), the circumferential position (i.e., rota-
tional position) of the operating section 5 is maintained
in the state illustrated in Fig. 7. The elastic member 4 is
also maintained in the non-connected state (i.e., stopped
tentatively). The non-connected state illustrated in Fig. 7
is a tentative stopped state in which the elastic member
4 is tentatively stopped in a bent position. In the connector
1, the operating section 5 includes only one first portion
513 that the restoring force of the elastic member 4 acts
on, and only one second portion 514 that develops a
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reaction force against the restoring force. This simplifies
the structure of the connector 1.

[0055] Fig. 8is an schematic illustration of the relation-
ship between the travel distance of the operating section
5 from the initial state and the rotation moment on the
operating section 5 produced by the restoring force of
the elastic member 4. The horizontal axis in Fig. 8 indi-
cates the travel distance of the operating section 5 from
the initial state in the circumferential direction about the
rotating shaft 24, and the travel distance in the counter-
clockwise direction in Fig. 7 is indicated as positive. The
vertical axis in Fig. 8 indicates the rotation moment de-
scribed above, and a clockwise rotation moment in Fig.
7 is indicated as positive. In Fig. 8, the point indicated by
the reference sign of 85 corresponds to the non-connect-
ed state in which the rotation moment is approximately
zero. Note that the actual change in the rotation moment
acting on the operating section 5 does not necessarily
have to be the same as the change in the rotation moment
indicated by the straight line in Fig. 8.

[0056] When the connector 1 is in the non-connected
state, an electric cable 91 is inserted in the insertion hole
21 as illustrated in Fig. 9. Fig. 9 shows a state in which
the electric cable 91 is inserted in the insertion hole 21
on the right side. The electric cable 91 is inserted from
the insertion hole 21 into the case 2 in a predetermined
direction of insertion and located between the terminal 3
and the elastic member 4 in the non-connected state.
The direction of insertion of the electric cable 91 into the
case 2 is a diagonal direction that is inclined relative to
the up-down direction and the right-left direction. This
prevents the electric cable 91 from projecting out of the
connector 1 in the up-down direction and enables the
operator to easily insert the electric cable 91 into the in-
sertion hole 21 while visually checking the insertion hole
21. The angle formed by the direction of insertion and
the up-down direction may be optimized appropriately
according to, for example, the place where the connector
1 is expected to be used, the position of the operator, or
the line of sight of the operator.

[0057] For example, the electric cable 91 may be a
solid cable, or may be a relatively thick strand. The elec-
tric cable 91 may also be an electric cable provided with,
for example, a rod-like solderless terminal at the tip end
of arelatively thin strand. This rod-like solderless terminal
may be an insulator-coated solderless terminal provided
with, for example, an insulating sleeve at the root of a
rod-like conductor, or may be a bare solderless terminal
that includes no insulating sleeve. For example, itis pref-
erable that the tip end portion of the electric cable 91 has
a diameter greater than or equal to 0.42 mm. In actuality,
the tip end portion of the electric cable 91 has a diameter
less than or equal to 2.3 mm. The diameter of the tip end
portion of the electric cable 91 may be changed to various
values depending on the current capacity of the connec-
tor 1 to which the electric cable 91 is connected. The
diameters of the other portions of the electric cable 91
other than the above tip end portion may also be changed
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to various values.

[0058] The tip end of the electric cable 91 comes in
direct contact with the electric-cable receiver 53 of the
operating section 5 inside the case 2. In the example
illustrated in Fig. 9, the right side face of the electric-cable
receiver 53 serves as a receiving face 531 that comes in
direct contact with the tip end of the electric cable 91 and
that expands from the tip end to the surroundings. The
receiving face 531 is located on the inner side of the
elastic member 4 in the non-connected state in the di-
rection of insertion of the electric cable 91 and expands
in a direction that is approximately perpendicular to the
direction of insertion. Note that the receiving face 531
does not necessarily have to be the face perpendicular
to the direction of insertion.

[0059] The electric cable 91, with the tip end in contact
with the receiving face 531 of the electric-cable receiver
53, is moved to the inner side in the direction of insertion.
Accordingly, the force is directly transmitted from the
electric cable 91 to the operating section 5. Then, the
operating section 5 is slightly rotated clockwise about the
rotating shaft 24 in Fig. 9. In other words, the position
(i.e., the rotational position) of the operating section 5 is
changed in the circumferential direction about the rotat-
ing shaft 24. The rotation direction of the cam 51 at the
first portion 513 is the direction from the outer side to the
inner side in the direction of insertion of the electric cable
91 (i.e., the direction toward approximately the left side
in Fig. 9).

[0060] Accordingly, the restoring force vector 81 devi-
ates to the left in Fig. 10 from the reference line 82 as
illustrated in Fig. 10, and the restoring force of the elastic
member 4 produces a clockwise rotation moment on the
cam 51 (see the point 86 in Fig. 8). As a result, the op-
erating section 5 is further rotated clockwise, and the
elastic member 4 is restored from the non-connected
state.

[0061] Then, as illustrated in Figs. 11 to 13, the elastic
member 4 transitions to the connected state in which the
electric cable 91 is sandwiched between the terminal 3
and the elastic member 4 (i.e., the elastic member 4 holds
the electric cable 91 together with the terminal 3), and
the electric cable 91 and the terminal 3 are electrically
and mechanically connected to each other. In other
words, the electric cable 91, after inserted into the con-
nector 1, is automatically connected to the connector 1
(i.e., without the operator operating the operating section
5 using a tool other than the electric cable 91 or his/her
fingers). For example, the operator may recognize this
transition to the connected state by, for example, vibra-
tions or sounds generated when the electric cable 91 is
pressed against the terminal 3 by the movable portion
43 of the elastic member 4. The vibrations or sounds may
be generated by, for example, a collision of two members
that are any of the elastic member 4, the electric cable
91, the terminal 3, the operating section 5, and the case
2. The connector 1 may employ any of various structures
that facilitate the generation of vibrations or sounds or
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that amplify the vibrations or sounds.

[0062] As illustrated in Fig. 13, the tip end of the mov-
able portion 43 of the elastic member 4 serves as an
electric-cable contact part 45 that comes in direct contact
with the electric cable 91 in the connected state. As in-
dicated by the dashed double-dotted lines in Fig. 13, the
travel path of the electric-cable contact part 45 during
transition of the elastic member 4 from the non-connect-
ed state to the connected state does not overlap in the
thickness direction with the motion space of the operating
section 5 during transition of the operation part 5 from
the non-connected state to the connected state. Even
when the connector 1 transitions from the initial state to
the non-connected state, the travel path of the electric-
cable contact part 45 does not overlap with the motion
space of the operating section 5in the thickness direction.
This prevents the electric-cable contact part 45 from in-
hibiting the rotation of the cam 51 by, for example, making
inroads into the cam 51 of the operating section 5.
[0063] As illustrated in Fig. 12, when the connector 1
is in the connected state, the actuator 52 of the operating
section 5 projects approximately vertically upward from
the case 2. Meanwhile, as illustrated in Fig. 6, when the
connector 1 is in the non-connected state, the actuator
52 of the operating section 5 is inclined more inward in
the right-left direction than in the state illustrated in Fig.
12. On the other hand, as illustrated in Fig. 2, when the
connector 1 is in the initial state, the actuator 52 of the
operating section 5 is inclined more outward in the right-
left direction than in the state illustrated in Fig. 12. There-
fore, the operator is able to determine whether the state
of the elastic member 4 of the connector 1 is any of the
initial state, the non-connected state, and the connected
state by visually recognizing the direction of extension of
the actuator 52 of the operating section 5 (i.e., the orien-
tation of the actuator 52). That is, the actuator 52 of the
operating section 5 serves as a visually recognizable
identifier that indicates the state of the elastic member 4.
[0064] In the case of removing the electric cable 91
from the connector 1, for example, the operator may in-
sert the tip end portion of a tool such as a minus driver
into the hole 521 of the actuator 52 and rotate the oper-
ating section 5 counterclockwise in Fig. 12. When the
operating section 5 is rotated to the non-connected state
illustrated in Fig. 6, the restoring force vector 81 approx-
imately coincides with the reference line 82, and the elas-
tic member 4 is maintained in the non-connected state
in which the elastic member 4 is separated below from
the electric cable 91, as described above. This releases
the holding of the electric cable 91 by the elastic member
4 and the terminal 3. The operator is able to easily remove
the electric cable 91 from the connector 1 by pulling out
the electric cable 91 from the insertion hole 21.

[0065] As described above, the connector 1 for con-
necting the electric cable 91 includes the case 2, the con-
ductive terminal 3, the elastic member 4, and the oper-
ating section 5. The terminal 3 is fixed to the case 2. The
elastic member 4 is attached to the case 2 and presses
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the electric cable 91 against the terminal 3 by the restor-
ing force to hold the electric cable 91. The operating sec-
tion 5 applies a force to the elastic member 4 to bend the
elastic member 4 from the initial state to the non-con-
nected state and to maintain the elastic member 4 in the
non-connected state. The operating section 5 includes
the first portion 513 that the restoring force of the elastic
member 4 acts on, and the second portion 514 that de-
velops a reaction force against the restoring force. The
vector of the restoring force is regarded as the restoring
force vector 81, and the straight line connecting the first
portion 513 and the second portion 514 is regarded as
the reference line 82.

[0066] When the elastic member 4 is in the non-con-
nected state, the restoring force vector 81 approximately
coincides with the reference line 82, and the above re-
storing force and the above reaction force are balanced.
Accordingly, the position of the operating section 5 is
maintained, and the elastic member 4 is maintained in
the non-connected state. When the position of the oper-
ating section 5 is changed and the restoring force vector
81 deviates from the reference line 82 while the electric
cable 91 isinserted between the terminal 3 and the elastic
member 4 in the non-connected state, the elastic mem-
ber 4 is restored from the non-connected state by the
above restoring force and transitions to the connected
state in which the electric cable 91 is sandwiched be-
tween the terminal 3 and the elastic member 4.

[0067] The connector 1 with the structure described
above eliminates the need to provide other structures
such as a stepped portion for locking the operating sec-
tion 5 in the non-connected state or a state releaser for
releasing the locking of the operating section 5. This sim-
plifies the structure of the connector 1. Besides, it is pos-
sible to prevent the occurrence of problems such as lock-
ing failures due to wear on the stepped portion or any
other reasons and to increase the life of the connector
1, unlike in the case where the operating section 5 is
locked in the stepped portion or the like of the case 2.
[0068] Note that, when the connector 1 is in the non-
connected state, the restoring force vector 81 and the
reference line 82 approximately coincide with each other
as described above, but they do not necessarily have to
precisely coincide with each other (the same applies to
connectors 1a to 1d). For example, in the case where
the restoring force vector 81 illustrated in Fig. 7 slightly
deviates to the left from the reference line 82 (i.e., in a
state in which the rotation moment acting on the cam 51
slightly moves toward the point 86 from the point 85 il-
lustrated in Fig. 8), it is only necessary for the connector
1 to maintain the non-connected state by, for example,
the frictional force generated between the cam 51 and
the elastic member 4. Even in this case, it is possible to
simplify the structure of the connector 1 as described
above.

[0069] As described above, it is preferable that the op-
erating section 5 includes the cam 51 that rotates about
the rotating shaft 24. The cam 51 comes in contact with
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the elastic member 4 at the first portion 513 and also in
contact with the rotating shaft 24 at the bearing 54 serving
as the second portion 514. When the elastic member 4
transitions to the non-connected state, the cam 51 rotates
to increase the distance between the first portion 513 and
the rotating shaft 24 and to bend the elastic member 4,
and when the restoring force vector 81 approximately
coincides with the reference line 82, the rotational posi-
tion of the operating section 5 is maintained and the elas-
tic member 4 is maintained in the non-connected state.
Accordingly, the transition of the elastic member 4 to the
non-connected state and the state maintenance of the
elastic member 4 in the non-connected state can be
achieved with a simple structure.

[0070] As described above, in the case of connecting
the electric cable 91, itis preferable that the inserted elec-
tric cable 91 comes in direct contact with the operating
section 5 to change the position of the operating section
5.Inthis case, because the force of pushing in the electric
cable 91 is easily transmitted to the operating section 5,
it becomes easy to achieve automatic connection of the
electric cable 91 by only a simple operation such as in-
serting the electric cable 91. Besides, since there is no
need to provide the elastic member 4 with a portion that
comes in contact with the electric cable 91, it is possible
to simplify the shape of the elastic member 4.

[0071] As described above, itis preferable that the op-
erating section 5 includes the electric-cable receiver 53
that comes in direct contact with the tip end of the electric
cable 91. It is also preferable that the electric-cable re-
ceiver 53 has the receiving face 531 that expands from
the tip end of the electric cable 91 to the surroundings.
This allows the force of pushing in the electric cable 91
to be efficiently transmitted to the operating section 5.
[0072] As described above, it is preferable that the
elastic member 4 includes the electric-cable contact part
45 that comes in direct contact with the electric cable 91
in the connected state, and the travel path of the electric-
cable contact part 45 does not overlap with the motion
space of the operating section 5 at least when the elastic
member 4 transitions from the non-connected state to
the connected state. This prevents the electric-cable con-
tact part 45 of the elastic member 4 from coming in con-
tact with the operating section 5 and inhibiting the move-
ment of the operating section 5.

[0073] As described above, itis preferable that part of
the operating section 5 (e.g., the actuator 52) projects
from the case 2. This enables the operator to easily op-
erate the operating section 5. The operator is also able
to operate the operating section 5 with finger without us-
ing any tool such as a minus driver.

[0074] Asdescribedabove,itis preferable thatthe con-
nector 1 includes a visually recognizable identifier (in the
example described above, the actuator 52 of the operat-
ing section 5) that indicates the state of the elastic mem-
ber 4. This enables the operator to easily and speedily
recognize the state of the elastic member 4.

[0075] As described above, it is preferable that the
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elastic member 4 is a plate spring. This further simplifies
the structure of the connector 1.

[0076] As described above, in the connector 1, the
shape of the elastic member 4 and the position of the
operating section 5 are maintained in the non-connected
state in which the restoring force vector 81 approximately
coincides with the reference line 82 (i.e., in the state in
which the rotation moment acting on the cam 51 is ap-
proximately zero) before insertion of the electric cable
91. Alternatively, for example, as illustrated in Fig. 14,
the position of the operating section 5 may be maintained
even in a state in which the elastic member 4 is further
bent in the non-connected state.

[0077] In the state illustrated in Fig. 14, the restoring
force vector 81 slightly deviates to the right from the ref-
erence line 82. Thus, a counterclockwise (i.e., minus)
rotation moment acts on the cam 51, and the relationship
between the travel distance of the operating section 5
from the initial state and the rotation moment acting on
the operating section 5 becomes as indicated by a point
87 illustrated in Fig. 15 that is located at a lower right
position when viewed from the point 86 in the connected
state and the point 85 in the non-connected state. That
is, the elastic member 4 exerts the force of rotating the
operating section 5 counterclockwise on the cam 51, but
does not exert the force of rotating the operating section
5 clockwise and returning the operating section 5 to the
connected state and the initial state on the cam 51. In
the example illustrated in Fig. 14, the upper end portion
of the actuator 52 of the operating section 5 comes in
contact with the case 2 to restrict further counterclock-
wise rotation of the operating section 5.

[0078] In the connector 1 illustrated in Fig. 14, the po-
sition of the operating section 5 is maintained even if
elastic member 4 is further bent in the non-connected
state as described above. Moreover, the direction of the
rotation moment on the cam 51 produced by the restoring
force of the elastic member 4 is opposite to the direction
of the rotation moment that returns the operating section
5to the connected state and the initial state. Accordingly,
it is possible to more stably maintain the shape of the
elastic member 4 in the state in which the elastic member
4 is separated from the terminal 3.

[0079] Next, a connector 1a according to a second em-
bodiment of the present invention will be described. Fig.
16 is a longitudinal sectional view illustrating an area in
the vicinity of an operating section 5a of the connector
1ain enlarged dimensions. Fig. 16 shows the connector
1a in the initial state.

[0080] The connector 1aincludes a case 2a, a terminal
3a, an elastic member 4a, and the operating section 5a.
The connector 1a and the connector 1 illustrated in Fig.
1 differ in the shapes of the case 2a, the terminal 3a, the
elastic member 4a, and the operating section 5a and the
movements of the elastic member 4a and the operating
section 5a, but are the same in, for example, material
properties and functions. Like the connector 1, the con-
nector 1a may include two or more sets of the terminal
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3a, the elastic member 4a, and the operating section 5a
in the case 2a.

[0081] The terminal 3a is an approximately plate-like
conductive member fixed to the case 2a. The terminal
3amay be made of, forexample, metal. The elastic mem-
ber 4a is an elastically deformable member attached to
the case 2a. The elastic member 4a may, for example,
be an approximately band-like plate spring. The elastic
member 4a may be formed of a conductive material such
as metal, or may be formed of an insulating material such
as resin. The elastic member 4a has a shape that is bent
in an approximately L-, V-, or U-letter shape abound the
central portion in the longitudinal direction.

[0082] Like the elastic member 4 described above, the
elastic member 4a includes a bent portion 41a, a fixed
portion 42a, and a movable portion 43a. The tip end (i.e.,
the left end in Fig. 16) of the movable portion 43a is in
contact with the approximately central portion in the right-
left direction of the terminal 3a from the underside. Thus,
the path of insertion of an electric cable, which will be
described later, is closed inside the insertion hole 21a.
The movable portion 43a is also in contact with the op-
erating section 5a from the underside. As will be de-
scribed later, the movable portion 43a is pushed down
by the operating section 5a to become elastically de-
formed and bent downward and to become separated
below from the terminal 3a. When the downward pres-
sure against the movable portion 43ais relieved, the mov-
able portion 43a returns to its original state by the restor-
ing force (i.e., returns elastically).

[0083] The operating section 5a includes a cam 51a,
an actuator 52a, and an identifier 55a. The cam 51a is
an approximately triangular plate-like portion with one
vertex located at the lower end when viewed from the
front, and is arranged inside the case 2a (i.e., inward of
the outer edge of the case 2a). The cam 51a is in contact
with the movable portion 43a of the elastic member 4a
from above. The cam 51a has a through hole extending
in the thickness direction and provided with a bearing
54a in the upper portion. The bearing 54a is fitted with
an approximately columnar rotating shaft 24a provided
in the case 2a and extending in the thickness direction.
The cam 51a is supported by the case 2a so as to be
rotatable about the rotating shaft 24a in a plane that is
approximately perpendicular to the thickness direction.
In the cam 51a, the distance between the center of the
rotating shaft 24a and the outer edge of the cam 51a
becomes a maximum on a straight line that extends from
the center of the rotating shaft 24a to the above vertex
at the lower end of the cam 51a. The lower portion of the
cam 51a overlaps with the terminal 3a in the thickness
direction and is located on the rear side of the terminal
3ain Fig. 16.

[0084] The actuator 52a is a portion that extends from
the right side portion of the cam 51a to the right, and is
an approximately rectangular plate-like portion when
viewed from the front. In the initial state illustrated in Fig.
16, a right end portion of the actuator 52a (i.e., the end
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portion on the side further from the cam 5 1a) is located
in the through hole 231a provided at the top of the case
2a. In the initial state, the upper surface of the right end
portion of the actuator 52a is located at approximately
the same position in the up-down direction as the upper
surface of the case 2a around the through hole 231a.
[0085] The top of the right end portion of the actuator
52a has a recess 521a provided at a position where the
recess 521a overlaps with the through hole 231a in the
up-down direction. In the initial state, the recess 521a is
located inside the through hole 231a. The bottom of the
rightend portion of the actuator 52a has a projection 522a
that projects downward. The projection 522a projects to-
ward the path of insertion of an electric cable, which will
be described later.

[0086] An identifier 55a is an approximately rectangu-
lar columnar portion that extends diagonally upward to
the left from the top of the left side portion of the cam
51a. The identifier 55a is located below the through hole
232a provided in the top of the case 2a. The through hole
232ais separated to the left from the above through hole
231a. In the initial state, the identifier 55a as a whole is
located inside the case 2 below the through hole 232a.
[0087] Next, a procedure for connecting an electric ca-
ble to the connector 1a will be described. First, in the
initial state illustrated in Fig. 16, an operator inserts the
tip end portion of an ordinary tool 92 such as a minus
deriver into the recess 521a of the actuator 52a of the
operating section 5a from above and pushes down the
tool 92. Accordingly, the operating section 5a is rotated
clockwise in Fig. 16 about the rotating shaft 24a.
[0088] As illustrated in Fig. 17, the rotation of the op-
erating section 5a increases the distance between the
center of the rotating shaft 24a and the contact between
the cam 51a and the elastic member 4a, and the movable
portion 43a of the elastic member 4a is pushed down by
the cam 51a and separated from the terminal 3a.
[0089] AsillustratedinFig. 17, when the operating sec-
tion 5a is rotated halfway, a restoring force vector 81a of
the elastic member 4a acting on a first portion 513a de-
viates to the right from a reference line 82a thatis a virtual
straight line connecting the first portion 513a and a sec-
ond portion 514a. Thus, a counterclockwise rotation mo-
ment acts on the cam 51a, and unless the operator con-
tinues to push down the operating section 5a, the elastic
member 4a and the operating section 5a will return to
the initial state illustrated in Fig. 16. Note that the first
portion 513a is a portion of the operating section 5a that
the restoring force of the elastic member 4a acts on, and
is specifically a portion of the lower end portion of the
cam 51a that comes in contact with the elastic member
4a. The second portion 514a is a portion of the operating
section 5a that develops a reaction force against the re-
storing force, and is specifically an point of intersection
of the bearing 54a with a virtual straight line connecting
the first portion 513a and the center of the rotating shaft
24a.

[0090] The operator pushes the operating section 5a
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down against the restoring force of the elastic member
4a until the non-connected state illustrated in Fig. 18. In
the non-connected state, the restoring force vector 81a
of the elastic member 4a acting on the first portion 513a
approximately coincides with the reference line 82a con-
necting the first portion 513a and the second portion
514a. Accordingly, the restoring force of the elastic mem-
ber 4a and the reaction force developed against the re-
storing force by the operating section 5a are balanced.

[0091] Thus, neitherthe counterclockwise rotation mo-
ment described above nor a clockwise rotation moment
acts on the cam 51a. Accordingly, even if the operator
pulls the tool 92 out of the through hole 231a of the case
2a (i.e., even if the operator does not apply any force to
the operating section 5a), the circumferential position
(i.e., rotational position) of the operating section 5a is
stably maintained in the non-connected state illustrated
in Fig. 18. Moreover, the elastic member 4ais also stably
maintained (i.e., stopped tentatively) in the non-connect-
ed state. The non-connected state illustrated in Fig. 18
is a tentative stopped state in which the elastic member
4a is tentatively stopped in a bent position. At this time,
the projection 522a of the operating section 5a is located
above the path of insertion of the electric cable, which
will be described later. In the connector 1a, the operating
section 5a includes only one first portion 513a that the
restoring force of the elastic member 4a acts on, and only
one second portion 514a that develops a reaction force
against the restoring force. This simplifies the structure
of the connector 1a.

[0092] In the non-connected state, the upper end por-
tion of the identifier 55a projects upward from the through
hole 232a of the case 2a. When part of the operating
section 5a (in the example illustrated in Fig. 18, a portion
on the left side of the projection 522a) comes in contact
with a stopper 28a that is a projection provided in the
case 2a, the movement of the operating section 5a is
restricted so as to prevent the operating section 5a from
further rotating in the clockwise direction. The operator
is able to easily determine that the connector 1a is in the
non-connected state, by visually recognizing the projec-
tion of the identifier 55a from the case 2a.

[0093] In the connector 1a, as approximately in the
connector 1 illustrated in Fig. 14, the position of the op-
erating section 5a may be maintained in a state in which
the operating section 5a further rotates in the clockwise
direction from the rotational position illustrated in Fig. 18
and the elastic member 4a is further bent. This structure
is achieved by, for example, making the lower end of the
cam51ain Fig. 18 into an approximately horizontal plane
that expands to the right from the first portion 513a in the
drawing and moving the position of the upper surface of
the stopper 28a downward. In this case, the restoring
force vector 81a slightly deviates to the left from the ref-
erence line 82a, and a clockwise rotation moment acts
on the cam 51a. That is, the elastic member 4a exerts
the force of rotating the operating section 5a clockwise
on the cam 51a. It is, however, noted that the clockwise
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rotation of the operating section 5a is restricted by the
operating section 5a coming in contact with the stopper
28a. Moreover, the elastic member 4a does not exert the
force of rotating the operating section 5a counterclock-
wise and returning the operating section 5a to the initial
state on the cam 51a. Accordingly, the position (i.e., the
rotational position) of the operating section 5a is stably
maintained, and the shape of the elastic member 4a sep-
arated from the terminal 3a is stably maintained.

[0094] When the connector 1a enters the non-connect-
ed state, as illustrated in Fig. 19, the electric cable 91 is
inserted from the insertion hole 21a of the case 2a into
the case 2a in a predetermined direction of insertion and
placed between the terminal 3a and the elastic member
4a in the non-connected state. The direction of insertion
of the electric cable 91 into the case 2a is a diagonal
direction that is inclined to the up-down direction and the
right-left direction. The electric cable 91 is the same in,
for example, type and diameter as the electric cable 91
described above. In the example illustrated in Fig. 19,
the tip end of the electric cable 91 is in contact with part
of the case 2a in order to prevent further insertion of the
electric cable 91. Moreover, the projection 522a of the
actuator 52a of the operating section 5a is in contact with
the electric cable 91 from above. In the example illustrat-
ed in Fig. 19, the projection 522a of the operating section
5a is in contact with the covered portion of the electric
cable 91, but the projection 522a may be in contact with
the conductive portion or rod-like solderless terminal of
the electric cable 91. As another alternative, the projec-
tion 522a may be located slightly above the electric cable
91 without contact with the electric cable 91.

[0095] Then, as illustrated in Fig. 20, the operator
moves the electric cable 91 slightly upward from the po-
sition indicated by the dashed double-dotted line. For ex-
ample, the operator may press the tip end of the electric
cable 91 against the case 2a and pry the electric cable
91 upward using the tip end as a fulcrum. This allows
direct transmission of a force from the electric cable 91
to the projection 522a of the operating section 5a. Then,
the operating section 5a slightly rotates counterclockwise
in Fig. 20 about the rotating shaft 24a. In other words,
the position (i.e., rotational position) of the operating sec-
tion 5a is changed in the circumferential direction about
the rotating shaft 24a.

[0096] Accordingly, the restoring force vector 81a de-
viates to the right in Fig. 20 from the reference line 82a,
and the restoring force of the elastic member 4a produces
a counterclockwise rotation moment on the cam 51a. As
aresult, the operating section 5a is further rotated coun-
terclockwise, and the elastic member 4a is restored from
the non-connected state.

[0097] Then, as illustrated in Fig. 21, the elastic mem-
ber 4a transitions to the connected state in which the
electric cable 91 is sandwiched between the terminal 3a
and the elastic member 4a, and the electric cable 91 and
the terminal 3a are electrically and mechanically con-
nected to each other. In other words, the electric cable
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91, after inserted into the connector 1a, is automatically
connected to the connector 1a (i.e., without the operator
operating the operating section 5a using a tool other than
the electric cable 91 or his/her fingers). For example, the
operator may recognize this transition to the connected
state by, for example, vibrations or sounds generated
when the electric cable 91 is pressed against the terminal
3a by the movable portion 43a of the elastic member 4a.
The vibrations or sounds may be generated by, for ex-
ample, a collision of two members that are any of the
elastic member 4a, the electric cable 91, the terminal 3a,
the operating section 5a, and the case 2a. The connector
1a may employ any of various structures that facilitate
the generation of the vibrations or sounds or that amplify
the vibrations or sounds.

[0098] When the connector 1a is in the connected
state, the identifier 55a of the operating section 5a is
housed in the case 2a and does not project from the
through hole 232a of the case 2a unlike in the non-con-
nected state. Thus, the operator is able to easily recog-
nize the transition of the connector 1a from the non-con-
nected state to the connected state by visually recogniz-
ing the fact that the identifier 55a is housed in the case 2a.
[0099] In the case of removing the electric cable 91
from the connector 1a, for example, the operator may
insert the tip end of a tool such as a minus driver into the
through hole 231a of the case 2a and push the actuator
52a of the operating section 5a downward. This causes
the operating section 5a to rotate clockwise in Fig. 21.
When the operating section 5a is rotated to the non-con-
nected state illustrated in Fig. 19, the restoring force vec-
tor 81a (see Fig. 18) approximately coincides with the
reference line 82a as described above, and the elastic
member 4a is maintained in the non-connected state in
which the elastic member 4a is separated below from the
electric cable 91. This releases the holding of the electric
cable 91 by the elastic member 4a and the terminal 3a.
The operator is able to easily remove the electric cable
91 from the connector 1a by pulling out the electric cable
91 from the insertion hole 21a.

[0100] As described above, the connector 1a for con-
necting the electric cable 91 includes the case 2a, the
conductive terminal 3a, the elastic member 4a, and the
operating section 5a. The terminal 3a is fixed to the case
2a. The elastic member 4a is attached to the case 2a
and presses the electric cable 91 against the terminal 3a
by the restoring force to hold the electric cable 91. The
operating section 5a applies aforce to the elastic member
4a to bend the elastic member 4a from the initial state to
the non-connected state and to maintain the elastic mem-
ber 4a in the non-connected state. The operating section
5a includes the first portion 513a that the restoring force
of the elastic member 4a acts on, and the second portion
514athat develops a reaction force against the restoring
force. The vector of the restoring force is regarded as the
restoring force vector 81a, and the straight line connect-
ing the first portion 513a and the second portion 514a is
regarded as the reference line 82a.
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[0101] When the elastic member 4a is in the non-con-
nected state, the restoring force vector 81a approximate-
ly coincides with and the reference line 82a, and the
above restoring force and the above reaction force are
balanced. Accordingly, the position of the operating sec-
tion 5a is maintained, and the elastic member 4a is main-
tained in the non-connected state. When the position of
the operating section 5a is changed and the restoring
force vector 81a deviates from the reference line 82a
while the electric cable 91 is inserted between the termi-
nal 3a and the elastic member 4a in the non-connected
state, the elastic member 4a is restored from the non-
connected state by the above restoring force and transi-
tions to the connected state in which the electric cable
91 is sandwiched between the terminal 3a and the elastic
member 4a.

[0102] The connector 1a with the structure described
above eliminates the need to provide other structures
such as a stepped portion for locking the operating sec-
tion 5a in the non-connected state or a state releaser for
releasing the locking of the operating section 5a. This
simplifies the structure of the connector 1a. Besides, it
is possible to prevent the occurrence of problems such
as locking failures due to wear on the stepped portion or
any otherreasons and toincrease the life of the connector
1a, unlike in the case where the operating section 5a is
locked in the stepped portion or the like of the case 2a.
[0103] As described above, in the connector 13, it is
preferable that the position of the operating section 5a is
maintained even if the elastic member 4a is further bent
in the non-connected state. At this time, the direction of
the rotation moment on the cam 51a produced by the
restoring force of the elastic member 4a is opposite to
the direction of the rotation moment that returns the op-
erating section 5a to the connected state and the initial
state. Accordingly, it is possible to more stably maintain
the shape of the elastic member 4a in the state in which
the elastic member 4a is separated from the terminal 3a.
[0104] In the connector 13, it is preferable that the op-
erating section 5aincludes the cam 51athatrotates about
the rotating shaft 24a. The cam 51a comes in contact
with the elastic member 4a at the first portion 513a and
also in contact with the rotating shaft 24a at the bearing
54a serving as the second portion 514a. Then, when the
elastic member4a transitions to the non-connected state,
the cam 51a rotates to increase the distance between
the first portion 513a and the rotating shaft 24a and to
bend the elastic member 4a, and when the restoring force
vector 81a approximately coincides with the reference
line 82a, the rotational position of the operating section
5a is maintained, and the elastic member 4a is main-
tained in the non-connected state. Accordingly, the tran-
sition of the elastic member 4a to the non-connected state
and the state maintenance of the elastic member 4a in
the non-connected state can be achieved with a simple
structure.

[0105] As described above, in the case of connecting
the electric cable 91, itis preferable that the inserted elec-
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tric cable 91 comes in direct contact with the operating
section 5a to change the position of the operating section
5a. In this case, because the force of pushing in the elec-
tric cable 91 is easily transmitted to the operating section
5a, it becomes easy to achieve automatic connection of
the electric cable 91. Besides, it is possible to simplify
the shape of the elastic member 4a.

[0106] Itis preferable that the connector 1aincludes a
visually recognizable identifier 55a that indicates the
state of the elastic member 4a. In the example described
above, whether the elastic member 4a is in the non-con-
nected state can be determined by visual recognition as
to whether the identifier 55a projects from the case 2a.
This enables the operator to easily and speedily recog-
nize the state of the elastic member 4a.

[0107] Inthe connector 1a,itis preferable that the elas-
tic member 4a is a plate spring. This further simplifies
the structure of the connector 1a.

[0108] Inthe connector 1a, the transition from the non-
connected state (see Fig. 19) to the connected state (see
Fig. 21) does not necessarily have to be implemented by
pushing the actuator 52a of the operating section 5a up-
ward by the electric cable 91. For example, the restoring
force vector 81a may deviate to the right from the refer-
ence line 82a as in Fig. 20 by slightly pushing down the
identifier 55a that projects from the through hole 232a of
the case 2a with a fingertip 93 of the operator asillustrated
in Fig. 22. As a result, the cam 51a is rotated counter-
clockwise by the restoring force of the elastic member
4a, and the connector 1atransition to the connected state
illustrated in Fig. 21.

[0109] As described above, in the connector 1a, it is
preferable that part of the operating section 5a (in the
example described above, the identifier 55a) projects
from the case 2a. This enables the operator to easily
operate the operating section 5a.

[0110] In the connector 1a, it is preferable that, when
the elastic member 4a is in the non-connected state (see
Fig. 18), partof the operating section 5a (i.e., the identifier
55a) projects from the case 2a, and when the elastic
member 5a is in the connected state (see Fig. 21), the
above part of the operating section 5a is located inside
the case 2a. This allows easy and speedy recognition as
to whether the elastic member 4ais in the non-connected
state as described above. Besides, in the non-connected
state, itis possible to easily operate the operating section
5a without using any tool such as a minus driver. It is
also possible to prevent the occurrence of operating er-
rors on the operating section 5a in the connected state.
In the example illustrated in Fig. 22, the tip end of a rod-
like tool or the like may be used, instead of the fingertip
93 of the operator, when pushing the identifier 55a of the
operating section 5a into the case 2a.

[0111] Next, a connector 1b according to a third em-
bodiment of the present invention will be described. Fig.
23 is a longitudinal sectional view illustrating an area in
the vicinity of an operating section 5b of a connector 1b
in enlarged dimensions. Fig. 24 is a plan view of the op-
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erating section 5b and an elastic member 4b. Figs. 23
and 24 show the connector 1b in the initial state.
[0112] The connector 1bincludes a case 2b, a terminal
3b, the elastic member 4b, and the operating section 5b.
The connector 1b and the connector 1 illustrated in Fig.
1 differ in the shapes of the case 2b, the terminal 3b, the
elastic member 4b, and the operating section 5b and the
movements of the elastic member 4b and the operating
section 5b, but are the same in, for example, material
properties and functions. Like the connector 1, the con-
nector 1b may include two or more sets of the terminal
3b, the elastic member 4b, and the operating section 5b.
[0113] The terminal 3b is an approximately plate-like
conductive member fixed to the case 2b. The terminal
3b may be made of, for example, metal. The elastic mem-
ber 4b is an elastically deformable member attached to
the case 2b. For example, the elastic member 4b may
be an approximately band-like plate spring. The elastic
member 4b may be formed of a conductive material such
as metal, or may be formed of an insulating material such
as resin. The elastic member 4b has a shape that is bent
into an approximately V- or U-letter shape around each
of the upper and lower end portions (i.e., an approximate-
ly Z-letter shape).

[0114] Like the elastic member 4 described above, the
elastic member 4b includes a bent portion 41b, a fixed
portion 42b, and a movable portion 43b. The movable
portion 43b includes a cut and bent portion 431b that is
partially cut off from the surrounding portion and bent
upward. The elastic member 4b further includes an elec-
tric-cable receiver 44b and a releaser 46b. The electric-
cable receiver 44b extends upward from the upper end
of the movable portion 43b. The releaser 46b extends to
the left in Figs. 23 and 24 (i.e., in a direction toward the
operating section 5b) from the upper end of the electric-
cable receiver 44b. The elastic member 4b has an ap-
proximately constant width in the up-down direction in
Fig. 24, except at the releaser 46b, and the releaser 46b
has a width greater than that of the electric-cable receiver
44b. The releaser 46b extends leftward and upward in
Fig. 24 from the upper end of the electric-cable receiver
44b (i.e., the right end in Fig. 24). To facilitate the under-
standing of the drawing, the releaser 46b is illustrated by
the dashed dotted line in Fig. 24. Also, the terminal 3b is
illustrated by the dashed double-dotted line in Fig. 24.
[0115] The upperend (i.e., therightendin Figs. 23 and
24) of the cut and bent portion 431b of the movable por-
tion 43bisin contact with an approximately central portion
in the right and left direction of the terminal 3b from the
underside. Accordingly, the path of insertion of an electric
cable, which will be described later, is closed inside an
insertion hole 21b provided on the left side of the case
2b. The portion of the movable portion 43b other than
the cut and bent portion 431b (in Fig. 23, the portion lo-
cated on the left side of the cut and bent portion 431b)
is in contact with the operating section 5b from the un-
derside. As will be described later, the movable portion
43b is pushed down by the operating section 5b to be-
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come elastically deformed and bent downward and to
become separated below from the terminal 3b. When the
downward pressure against the movable portion 43b is
relieved, the movable portion 43b returns to its original
state by the restoring force (i.e., returns elastically).
[0116] The electric-cable receiver 44b extends to the
upper left from the upper end of the movable portion 43b
on the right side of the terminal 3b and the operating
section 5b in Fig. 23. The electric-cable receiver 44b ex-
tends from below the terminal 3b to above the terminal
3 and is located on the path of insertion of an electric
cable that is inserted along the lower surface of the ter-
minal 3b. The electric-cable receiver 44b has a receiving
face 441b that expands to the surroundings in the direc-
tion of insertion of an electric cable.

[0117] The releaser 46b extends to the left side in Fig.
23 (i.e., in a direction approaching the operating section
5b) from the upper end of the electric-cable receiver 44b
and partly faces the operating section 5b and the terminal
3b in the up-down direction. The releaser 46b has a tip
end portion (i.e., an end portion on the side closer to the
operating section 5b) that is bent downward (i.e., in a
direction facing the operating section 5b) above the op-
erating section 5b.

[0118] The operating section 5b includes a cam 51b.
The cam 51b is an approximately fan-type plate member
when viewed from the front and is arranged inside the
case 2b (i.e., inward of the outer edge of the case 2b).
The center of the fan-type shape is located in a right-side
upper end portion ofthe cam 51bin Fig. 23, and athrough
hole extending in the thickness direction is provided in
the vanity of the center. The through hole is provided with
a bearing 54b. The bearing 54b is fitted with an approx-
imately columnar rotating shaft 24b provided in the case
2b and extending in the thickness direction. The cam 51b
is supported by the case 2b so as to be rotatable about
the rotating shaft 24b in a plane that is approximately
perpendicular to the thickness direction. In the example
illustrated in Fig. 23, the approximately fan-type cam 51b
has a central angle of approximately 90 degrees when
viewed from the front.

[0119] In the vicinity of the lower end portion of the cam
51bin Fig. 23, an approximately half-round columnar pro-
jection 515b that projects downward (i.e., radially out-
ward of the cam 51b) is provided. The cam 51b is in
contact with the movable portion 43b of the elastic mem-
ber 4b at the projection 515b from above. In the cam 51b,
the distance between the center of the rotating shaft 24b
and the outer edge of the cam 51b becomes a maximum
on a straight line that extends from the center of the ro-
tating shaft 24b to the outer peripheral edge of the pro-
jection 515b of the cam 51b (specifically, approximately
the center in the circumferential direction of the outer
peripheral edge). The lower portion of the cam 51b over-
laps with the terminal 3bin the lower portion andis located
on the rear side of the terminal 3b in Fig. 23.

[0120] Next, a procedure for connecting an electric ca-
ble to the connector 1b will be described. First, in the
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initial state illustrated in Fig. 23, an operator inserts the
tip end portion of an ordinary tool 92 such as a minus
driver into the case 2b from a through hole 231b provided
in the left end portion of the upper surface of the case
2b. The tip end of the rear portion 92 comes in contact
with the upper surface of the left end portion of the op-
erating section 5b located under the through hole 231b.
The operator then presses in the tool 92 downward so
that the operating section 5b is rotated counterclockwise
in Fig. 23 about the rotating shaft 24b.

[0121] As illustrated in Fig. 25, the rotation of the op-
erating section 5b increases the distance between the
center of the rotating shaft 24b and the contact between
the cam 51b and the elastic member 4b. Accordingly, the
movable portion 43b of the elastic member 4b is pushed
down by the cam 5 1b, and the cut and bent portion 431b
is separated from the terminal 3b.

[0122] Asillustratedin Fig. 25, when the operating sec-
tion 5b is rotated halfway, a restoring force vector 81b of
the elastic member 4b acting on a first portion 513b de-
viates to the left from a reference line 82b that is a virtual
straight line connecting the first portion 513b and a sec-
ond portion 514b. Thus, a clockwise rotation moment
acts on the cam 51b, and unless the operator continues
to push in the operating section 5b downward, the elastic
member 4b and the operating section 5b will return to
the initial state illustrated in Fig. 23. Note that the first
portion 513b is a portion of the operating section 5b that
the restoring force of the elastic member 4b acts on, and
is specifically a portion of the projection 515b of the cam
51b that comes in contact with the elastic member 4b.
The second portion 514b is a portion of the operating
section 5b that develops a reaction force against the re-
storing force, and is specifically a point of intersection of
the bearing 54b with a virtual straight line that connects
the first portion 513b and the center of the rotating shaft
24b.

[0123] The operator pushes in the operating section
5btothe non-connected stateillustrated in Fig. 26 against
the restoring force of the elastic member 4b. In the non-
connected state, the restoring force vector 81b of the
elastic member 4b acting on the first portion 513b ap-
proximately coincides with the reference line 82b con-
necting the first portion 513b and the second portion
514b. Thus, the restoring force of the elastic member 4b
and the reaction force developed against the restoring
force by the operating section 5b are balanced.

[0124] Therefore, neither the clockwise rotation mo-
ment described above nor a counterclockwise rotation
moment acts on the cam 51b. Accordingly, even if the
operator pulls the tool 92 out of the through hole 231b of
the case 2b (i.e., even in a state in which the operator
does not apply any force to the operating section 5b), the
circumferential position (i.e., rotational position) of the
operating section 5b is stably maintained in the non-con-
nected state illustrated in Fig. 26. The elastic member 4b
is also stably maintained in the non-connected state (i.e.,
stopped tentatively). The non-connected state illustrated
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in Fig. 26 is a tentative stopped state in which the elastic
member 4b is tentatively stopped in a bent position. In
the connector 1b, the operating section 5b includes only
one first portion 513b that the restoring force of the elastic
member 4b acts on, and only one second portion 514b
that develops areaction force against the restoring force.
This simplifies the structure of the connector 1b.

[0125] In the non-connected state, the upper surface
of the right end portion of the operating section 5b makes
an approximately horizontal surface thatis approximately
perpendicular to the up-down direction and comes in con-
tact with the tip end portion of the releaser 46b of the
elastic member 4b from the underside. Moreover, part of
the operating section 5b (in the exampleillustrated in Fig.
26, the end on the left side of the cam 51b) comes in
contact with a stopper 28b that is a projection provided
on the case 2b. This restricts the movement of the oper-
ating section 5b so as to prevent further counterclockwise
rotation of the operating section 5b.

[0126] Alternatively, in the connector 1b, the position
of the operating section 5b may be maintained in such a
state that the operating section 5b is further rotated in
the counterclockwise direction from the rotational posi-
tion illustrated in Fig. 26 and the elastic member 4b is
further bent as in the connector 1 illustrated in Fig. 14.
This structure may be implemented by, for example, mov-
ing the position of the upper surface of the stopper 28b
in Fig. 26 downward. In this case, the restoring force vec-
tor 81b slightly deviates to the right from the reference
line 82b, and a counterclockwise rotation moment acts
on the cam 51b. That is, the elastic member 4b exerts
the force of rotating the operating section 5b counter-
clockwise on the cam 51b. However, the counterclock-
wise rotation of the operating section 5b is restricted by
the left end portion of the cam 51b coming in contact with
the stopper 28b. Besides, the elastic member 4b does
not exert the force of rotating the operating section 5b
clockwise and returning the operating section 5b to the
initial state on the cam 51b. Accordingly, the position of
the operating section 5b is stably maintained, and the
shape of the elastic member 4b separated from the ter-
minal 3b is stably maintained.

[0127] Whenthe connector 1b enters the non-connect-
ed state, as illustrated in Fig. 27, the electric cable 91 is
inserted from the insertion hole 21b of the case 2b into
the case 2b in a predetermined direction of insertion and
placed between the terminal 3b and the elastic member
4b in the non-connected state. The direction of insertion
of the electric cable 91 into the case 2b is approximately
parallel to the right-left direction. The electric cable 91 is
the same in, for example, type and diameter as the elec-
tric cable 91 described above.

[0128] The tip end of the electric cable 91 comes in
direct contact with the electric-cable receiver 44b of the
elastic member 4b in the case 2b. In the example illus-
trated in Fig. 27, the left side face of the electric-cable
receiver 44b serves as the receiving face 441b that
comes in direct contact with the tip end of the electric
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cable 91 and expands from the tip end to the surrounding.
The receiving face 441b is located on the inner side of
the cut and bent portion 431b in the direction of insertion
of the electric cable 91 and expands to the surroundings
in the direction of insertion as described above.

[0129] The electric cable 91, with the tip end in contact
with the receiving face 441b of the electric-cable receiver
44b, is moved to the inner side in the direction of insertion.
Accordingly, as illustrated in Fig. 28, the receiving face
441b is pushed toward the inner side in the direction of
insertion and becomes deformed in a direction in which
the electric-cable receiver 44b and the releaser 46b be-
come flat in the up-down direction. The tip end of the
releaser 46b moves downward and pushes down the
right end portion of the operating section 5b that is in
contact with this tip end. That is, the force generated by
pushing in the electric cable 91 is indirectly applied to the
operating section 5b via the elastic member 4b that is in
direct contact with the electric cable 91. Then, the oper-
ating section 5b slightly rotates clockwise in Fig. 28 about
the rotating shaft 24b. In other words, the position (i.e.,
rotational position) of the operating section 5b is charged
in the circumferential direction about the rotating shaft
24b. The rotation direction of the cam 5 1b at the first
portion 513b is the direction from the inner side to the
outer side in the direction of insertion of the electric cable
91 (i.e., the direction toward approximately the left side
in Fig. 28).

[0130] Accordingly, as illustrated in Fig. 28, the restor-
ing force vector 81b deviates to the left in Fig. 28 from
the reference line 82b, and the restoring force of the elas-
tic member 4b produces a clockwise rotation moment on
the cam 51b. As a result, the operating section 5b is fur-
ther rotated clockwise and the elastic member 4b is re-
stored from the non-connected state.

[0131] Then, as illustrated in Fig. 29, the elastic mem-
ber 4b transitions to the connected state in which the
electric cable 91 is sandwiched between the terminal 3b
and the elastic member 4b, and the electric cable 91 and
the terminal 3b are electrically and mechanically con-
nected to each other. In other words, the electric cable
91, after inserted into the connector 1b, is automatically
connected to the connector 1b (i.e., without the operator
operating the operating section 5b using a tool other than
the electric cable 91 or his/her fingers). For example, the
operator may recognize this transition to the connected
state by, for example, vibrations or sounds generated
when the electric cable 91 is pressed against the terminal
3b by the cut and bent portion 431b of the elastic member
4b. The vibrations or sounds may be generated by, for
example, a collision of two members that are any of the
elastic member 4b, the electric cable 91, the terminal 3b,
the operating section 5b, and the case 2b. The connector
1b may employ any of various structures that facilitate
the generation of the vibrations or sounds or that amplify
the vibrations or sounds.

[0132] When the connector 1b is in the connected
state, the portion of the operating section 5b that is visible
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from the through hole 231b of the case 2b differs in, for
example, its orientation or its distance from the through
hole 231b, from the portion of the operating section 5b
that is visible from the through hole 231b when the con-
nector 1b is in the non-connected state. Thus, the oper-
ator is able to easily recognize the transition of the con-
nector 1b from the non-connected state to the connected
state by visually recognizing the operating section 5b
from the through hole 231b. In the same manner as de-
scribed above, the operator is also able to easily recog-
nize the initial state of the connector 1b by visually rec-
ognizing the operating section 5b from the through hole
231b. That is, the portion of the operating section 5b that
is visible from the through hole 231b serves as a visually
recognizable identifier thatindicates the state of the elas-
tic member 4b. In this case, the portion of the operating
section 5b that is visible from the through hole 231b may
be subjected to some kind of processing such as coloring
that makes more distinctive the difference of the initial
state, the connected state, and the non-connected state.
[0133] In the case of removing the electric cable 91
from the connector 1b, for example, the operator may
insert the tip end portion of a tool such as a minus driver
into the through hole 231b of the case 2b and push down
the left end portion of the operating section 5b. Accord-
ingly, the operating section 5b is rotated counterclock-
wise in Fig. 29. When the operating section 5b is rotated
to the non-connected state illustrated in Fig. 27, the re-
storing force vector 81b (see Fig. 26) approximately co-
incides with the reference line 82b as described above,
and the elastic member 4b is maintained in the non-con-
nected state in which the elastic member 4b is separated
below from the electric cable 91. This releases the hold-
ing of the electric cable 91 by the elastic member 4b and
the terminal 3b. The operator is able to easily remove
the electric cable 91 from the connector 1b by pulling out
the electric cable 91 from the insertion hole 21b.

[0134] As described above, the connector 1b for con-
necting the electric cable 91 includes the case 2b, the
conductive terminal 3b, the elastic member 4b, and the
operating section 5b. The terminal 3b is fixed to the case
2b. The elastic member 4b is attached to the case 2b
and presses the electric cable 91 against the terminal 3b
by the restoring force to hold the electric cable 91. The
operating section 5b applies aforce to the elastic member
4b to bend the elastic member 4b from the initial state to
the non-connected state and to maintain the elastic mem-
ber 4b in the non-connected state. The operating section
5b includes the first portion 513b that the restoring force
of the elastic member 4b acts on, and the second portion
514b that develops a reaction force against the restoring
force. The vector of the restoring force is regarded as the
restoring force vector 81b, and the straight line connect-
ing the first portion 513b and the second portion 514b is
regarded as the reference line 82b.

[0135] When the elastic member 4b is in the non-con-
nected state, the restoring force vector 81b approximate-
ly coincides with the reference line 82b, and the above
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restoring force and the above reaction force are bal-
anced. Accordingly, the position of the operating section
5b is maintained, and the elastic member 4b is main-
tained in the non-connected state. When the position of
the operating section 5b is changed and the restoring
force vector 81b deviates from the reference line 82b
while the electric cable 91 is inserted between the termi-
nal 3b and the elastic member 4b in the non-connected
state, the elastic member 4b is restored from the non-
connected state by the above restoring force and transi-
tions to the connected state in which the electric cable
91 is sandwiched between the terminal 3b and the elastic
member 4b.

[0136] The connector 1b with the structure described
above eliminates the need to provide other structures
such as a stepped portion for locking the operating sec-
tion 5b in the non-connected state or a state releaser for
releasing the locking of the operating section 5b. This
simplifies the structure of the connector 1b. Besides, it
is possible to prevent the occurrence of problems such
as locking failures due to wear on the stepped portion or
any otherreasons and toincrease the life of the connector
1b, unlike in the case where the operating section 5b is
locked in the stepped portion or the like of the case 2b.
[0137] As described above, in the connector 1b, it is
preferable that the position of the operating section 5b is
maintained even if the elastic member 4b is further bent
in the non-connected state. At this time, the direction of
the rotation moment on the cam 51b produced by the
restoring force of the elastic member 4b is opposite to
the direction of the rotation moment that returns the op-
erating section 5b to the connected state and the initial
state. Accordingly, it is possible to more stably maintain
the shape of the elastic member 4b that is separated from
the terminal 3b.

[0138] In the connector 1b, it is preferable that the op-
erating section 5bincludes the cam 51b thatrotates about
the rotating shaft 24b. The cam 51b comes in contact
with the elastic member 4b at the first portion 513b and
also in contact with the rotating shaft 24b at the bearing
54b serving as the second portion 514b. Then, when the
elastic member4b transitions to the non-connected state,
the cam 51b rotates to increase the distance between
the first portion 513b and the rotating shaft 24b and to
bend the elasticmember 4b, and when the restoring force
vector 81b approximately coincides with the reference
line 82b, the rotational position of the operating section
5b is maintained, and the elastic member 4b is main-
tained in the non-connected state. Accordingly, the tran-
sition of the elastic member 4b to the non-connected state
and the state maintenance of the elastic member 4b in
the non-connected state can be achieved with a simple
structure.

[0139] As described above, in the case of connecting
the electric cable 91 to the connector 1b, it is preferable
that the inserted electric cable 91 comes in direct contact
with the elastic member 4b and deforms the elastic mem-
ber 4b such that the force is applied to the operating
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section 5b via the elastic member 4b and changes the
position of the operating section 5b. This improves flex-
ibility in the shape and arrangement of the operating sec-
tion 5b, as compared with the case where the operating
section 5b is provided with a portion that comes in direct
contact with the electric cable 91.

[0140] Inthe connector 1b,itis preferable that the elas-
tic member 4b includes the electric-cable receiver 44b
that comes in direct contact with the tip end of the electric
cable 91 and the releaser 46b that extends from the elec-
tric-cable receiver 44b toward the operating section 5b.
It is also preferable that the electric-cable receiver 44b
has the receiving face 441b that expands from the tip
end of the electric cable 91 to the surroundings. Then, it
is preferable that the elastic member 4b is deformed by
the electric cable 91 pushing the receiving face 441b to-
ward the inner side in the direction of insertion of the
electric cable 91, and the releaser 46b comes in contact
with the operating section 5b to apply the force of rotating
the cam 5 1b to the cam 5 1b. This prevents the occur-
rence of wear on the operating section 5b due to direct
contact with the electric cable 91.

[0141] In the connector 1b, the cut and bent portion
431b of the elastic member 4 serves as an electric-cable
contact part that comes in direct contact with the electric
cable 91 in the connected state. Preferably, the travel
path of the electric-cable contact part does not overlap
with the motion space of the operating section 5b at least
when the elastic member 4b transitions from the non-
connected state to the connected state. This prevents
the electric-cable contact part of the elastic member 4b
from coming in contact with the operating section 5b and
inhibiting the movement of the operating section 5b.
[0142] Itis preferable that the connector 1b includes a
visually recognizable identifier (in the example described
above, part of the operating section 5b that is visible from
the through hole 231b) that indicates the state of the elas-
tic member 4b. This allows easy and speedy recognition
of the state of the elastic member 4b.

[0143] Note that, in the connector 1b, part of the oper-
ating section 5b may project from the case 2b. For ex-
ample, the connector 1b may include an approximately
rod-like projection that extends upward from the cam 51b
and projects from the case 2b. In this case, this projection
functions as a visually recognizable identifier that indi-
cates the state of the elastic member 4b. Accordingly,
the operator is able to easily and speedily recognize the
state of the elastic member 4b by visually recognizing
the position of this projection of the operating section 5b.
The operator is also able to easily operate the operating
section 5b by touching this projection with his/her finger.
Itis preferable that, when the elastic member 4b is in the
non-connected state, the projection of the operating sec-
tion 5b projects from the case 2b, and when the elastic
member 4b is in the connected state, the above projection
is located inside the case 2b. This allows easy operation
of the operating section 5b in the non-connected state
without using any tool such as a minus driver and pre-
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vents the occurrence of operating errors on the operating
section 5b in the connected state.

[0144] Intheconnector 1b, itis preferable that the elas-
tic member 4b is a plate spring. This further simplifies
the structure of the connector 1b.

[0145] As described above, in the case of connecting
the electric cable 91 to the connectors 1, 1a, and 1b, the
force is directly or indirectly transmitted from the inserted
electric cable 91 to the operating sections 5, 5a, and 5b.
Accordingly, the positions of the operating sections 5,
5a, and 5b are changed, and the restoring force vectors
81, 81a, and 81b deviate from the reference lines 82,
82a, and 82b. This achieves automatic connection of the
electric cable 91 by only a simple operation such as in-
serting the electric cable 91 and thereby facilitates the
connection of the electric cable 91 to the connectors 1,
1a, and 1b.

[0146] Next, a connector 1c according to a fourth em-
bodiment of the present invention will be described. Fig.
30 is a longitudinal sectional view illustrating the area in
the vicinity of an operating section 5c of the connector
1c in enlarged dimensions. Fig. 30 shows the connector
1c in the initial state.

[0147] The connector 1cincludes a case 2c, a terminal
3c, an elastic member 4c, the operating section 5c, and
a releaser 6¢. The connector 1c and the connector 1 il-
lustrated in Fig. 1 differ in the shapes of the case 2c, the
terminal 3c, the elastic member 4c, and the operating
section 5¢ and the movements of the elastic member 4c
and the operating section 5c, but are the same in, for
example, material properties and functions. Like almost
the connector 1, the connector 1c may include two or
more sets of the terminal 3c, the elastic member 4c, the
operating section 5c, and the releaser 6¢ in the case 2c.
[0148] The terminal 3c is an approximately plate-like
conductive member fixed to the case 2c. The terminal 3c
may be made of, forexample, metal. The elastic member
4c is an elastically deformable member attached to the
case 2c. For example, the elastic member 4c may be an
approximately band-like plate spring. The elastic mem-
ber 4c may be formed of a conductive material such as
metal, or may be formed of an insulating material such
as resin. The elastic member 4c has a shape that is bent
in an approximately L-, V-, or U-letter shape around the
central portion in the longitudinal direction.

[0149] Like the elastic member 4 described above, the
elastic member 4c includes a bent portion 41c, a fixed
portion 42c, and a movable portion 43c. The tip end (i.e.,
the left end in Fig. 30) of the movable portion 43c is in
contact with the terminal 3c from the underside. Thus,
the path of insertion of an electric cable, which will be
described later, is closed inside the insertion hole 21¢c
provided on the right side of the case 2c. The movable
portion 43c is also in contact with the operating section
5c¢ from the underside. As will be described later, the
movable portion 43c is pushed down by the operating
section 5¢c to become elastically deformed and bent
downward and to become separated below from the ter-
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minal 3c. When the downward pressure force against the
movable portion 43c is relieved, the movable portion 43¢
returns to its original state by the restoring force (i.e.,
returns elastically).

[0150] The operating section 5c¢ includes an advanc-
ing/retracting part 56¢ and an actuator 52c. The advanc-
ing/retracting part 56¢ is an approximately pentagonal
plate-like portion with one of its vertices located at the
lower end when viewed from the front, and is arranged
inside the case 2c (i.e., inward of the outer edge of the
case 2c¢). The advancing/retracting part 56¢ overlaps with
the terminal 3c in the thickness direction and is located
on the rear side of the terminal 3c in Fig. 30.

[0151] The upper end portion of the advancing/retract-
ing part 56¢ has an approximately arc-like shape that is
convex upward when viewed from the front. The upper
end of the advancing/retracting part 56c is in contact with
an inner surface 25c of the upper end portion of the case
2c from the underside. The inner surface 25c¢ of the case
2c is an approximately flat surface that extends approx-
imately linearly in the right-left direction when viewed
from the front. The lower end portion of the advancing/re-
tracting part 56¢ comes in contact with the movable por-
tion 43¢ of the elastic member 4c that extends along the
inner surface 25c of the case 2c from above. That is, the
advancing/retracting part 56¢ of the operating section 5c
is located between the elastic member 4c and the inner
surface 25c¢ of the case 2c in the up-down direction.
[0152] The distance in the up-down direction between
the inner surface 25c of the case 2c and the movable
portion 43c of the elastic member 4c decreases in a di-
rection from the right side to the left side in Fig. 30. The
movable portion 43c of the elastic member 4c includes
a first sloped portion 432c and a second sloped portion
433c. The first sloped portion 432c is a portion that ex-
tends from the tip end of the movable portion 43c to ap-
proximately the center thereof, and the second sloped
portion 433c is a portion that extends from the right end
of the first sloped portion 432c to the bent portion 41c.
The first sloped portion 432c and the second sloped por-
tion 433c are sloped to the inner surface 25c¢ of the case
2c in a direction toward the left side in Fig. 30. When
viewed from the frontside, the angle (acute angle) formed
by the first sloped portion 432c¢ and the inner surface 25¢
is smaller than the angle (acute angle) formed by the
second sloped portion 433c and the inner surface 25c.
In the initial state illustrated in Fig. 30, the advancing/re-
tracting part 56¢ is in contact with the second sloped por-
tion 433c of the movable portion 43¢ at the left side sur-
face of the lower end portion. The left-side surface of the
advancing/retracting part 56c extends approximately
parallel to the second sloped portion 433c in the initial
state when viewed from the front.

[0153] The actuator 52¢ is an approximately rod-like
portion that extends to the right from the right end portion
of the advancing/retracting part 56¢ and projects to the
right out of the case 2c. In the example illustrated in Fig.
30, the advancing/retracting part 56c and the actuator
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52c are partly in contact with the case 2c and thereby
restricts furtherrightward movement of the operating sec-
tion 5c.

[0154] Inthe connector 1c, the actuator 52c is pushed
to the left and thereby the advancing/retracting part 56¢
is moved approximately linearly to the left in Fig. 30 along
the inner surface 25c while being into contact with the
inner surface 25c of the case 2c and the movable portion
43c of the elastic member 4c inside the case 2c. In the
following description, the right-left direction in Fig. 30 that
is the travel direction of the advancing/retracting part 56¢
is also referred to as the "advancing and retracting direc-
tion." Also, the inner surface 25c of the case 2c that
guides the movement of the advancing/retracting part
56¢ in the advancing and retracting direction is referred
to as the "guide face 25c."

[0155] The releaser 6¢is a plate-like member that has
an approximately inverted L-letter shape and that is ar-
ranged leftward of the operating section 5¢. The releaser
6¢ is supported by the case 2¢ so as to be rotatable about
an approximately columnar rotating shaft 24c provided
in the case 2c and extending in the thickness direction,
in a plane that is approximately perpendicular to the thick-
ness direction. The rotating shaft 24c is located on the
left side and upper side of the left end portion of the ter-
minal 3¢ that extends approximately parallel to the right-
left direction.

[0156] The releaser 6¢ includes a releaser lower por-
tion 61c that extends downward from the rotating shaft
24c, and areleaser upper portion 62c that extends to the
right from the rotating shaft 24c (i.e., in a direction toward
the advancing/retracting part 56¢ of the operating section
5c). The releaser lower portion 61c is located leftward of
the left end portion of the terminal 3¢ and extends to
below the terminal 3c. The releaser lower portion 61c is
located on the path of insertion of an electric cable. The
releaser upper portion 62c is located above the terminal
3c.

[0157] Next, a procedure for connecting an electric ca-
ble to the connector 1c will be described. First, in the
initial state illustrated in Fig. 30, an operator touches the
actuator 52c of the operating section 5c with, forexample,
his/her finger and moves the actuator 52c to the left so
as to push in the actuator 52c into the case 2c. Accord-
ingly, the advancing/retracting part 56¢ is moved from
the right side to the left side in Fig. 30 (i.e., from one side
to the other side in a predetermined advancing and re-
tracting direction) while being in contact with the guide
face 25c and the movable portion 43¢ of the elastic mem-
ber 4c.

[0158] The movementofthe operating section 5c caus-
es the movable portion 43c of the elastic member 4c to
be pushed down by the advancing/retracting part 56c¢
and to become separated below from the terminal 3c as
illustrated in Fig. 31. When the operating section 5c is
moved halfway as illustrated in Fig. 31, a restoring force
vector 81c of the elastic member 4c acting on a first por-
tion 513c deviates to the right from a reference line 82¢c
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that is a virtual straight line connecting the first portion
513cand a second portion 514c. Accordingly, arightward
force in Fig. 31 acts on the advancing/retracting part 56¢,
and unless the operator continues to push in the actuator
52c into the case 2c, the elastic member 4c and the op-
erating section 5¢ will return to the initial state illustrated
in Fig. 30.

[0159] Note that the first portion 513c is a portion of
the operating section 5c that the restoring force of the
elastic member 4c acts on, and is specifically a portion
of the lower end portion of the advancing/retracting part
56¢ that comes in contact with the elastic member 4c. In
the state illustrated in Fig. 31, the first portion 513c is a
portion of the left side surface of the lower end portion of
the advancing/retracting part 56¢ that comes in contact
with the second sloped portion 433c of the movable por-
tion 43c of the elastic member 4c. The second portion
514cis a portion of the operating section 5c that develops
a reaction force against the restoring force, and is spe-
cifically the upper end of the advancing/retracting part
56¢ that comes in contact with the guide face 25c.
[0160] The operator pushes in the operating section
5cto the non-connected stateillustrated in Fig. 32 against
the restoring force of the elastic member 4c. In the non-
connected state, the restoring force vector 81c of the
elastic member 4c acting on the first portion 513c ap-
proximately coincides with the reference line 82c con-
necting the first portion 513c and the second portion
514c. In the non-connected state, the first portion 513c
is the lower end of the advancing/retracting part 56¢ and
is in contact with the first sloped portion 432c of the mov-
able portion 43c of the elastic member 4c. The first sloped
portion 432c is approximately parallel to the guide face
25c¢ at a position in which the first sloped portion 432¢
comes in contact with the lower end of the advancing/re-
tracting part 56¢. Accordingly, the restoring force of the
elastic member 4c and the reaction force developed
against the restoring force by the operating section 5c
are balanced.

[0161] From the above, neither the rightward force de-
scribed above nor a leftward force acts on the advanc-
ing/retracting part 56¢. Therefore, even if the operator
moves his/her finger off the actuator 52c¢ (i.e., in a state
in which the operator does not apply any force to the
operating section 5c), the position of the operating sec-
tion 5c¢ in the advancing and retracting direction is stably
maintained in the non-connected state illustrated in Fig.
32. The elastic member 4c is also stably maintained in
the non-connected state (i.e., stopped tentatively). The
non-connected state illustrated in Fig. 32 is a tentative
stopped state in which the elastic member 4c is tenta-
tively stopped in a bent position. In the non-connected
state, the left end portion of the operating section 5c is
in contact with the releaser upper portion 62c of the re-
leaser 6¢ from the right side. In the connector 1c, the
operating section 5c¢ includes only one first portion 513c
that the restoring force of the elastic member 4c acts on,
and only one second portion 514c that develops a reac-
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tion force against the restoring force. This simplifies the
structure of the connector 1c.

[0162] In the connector 1c, the operating section 5c
may be further moved to the left in the drawing from the
condition illustrated in Fig. 32. In this case, the shape of
the elastic member 4c remains almost unchanged from
the shape illustrated in Fig. 32, and the restoring force
of the elastic member 4c and the reaction force devel-
oped against the restoring force by the operating section
5c remains balanced. Accordingly, the position of the op-
erating section 5c¢ in the advancing and retracting direc-
tion and the state of the elastic member 4c (i.e., the ten-
tative stopped state) is stably maintained.

[0163] In the connector 1c, the operating section 5c
may be further moved to the left from the position illus-
trated in Fig. 32 and the position of the operating section
5c may be maintained in a state in which the elastic mem-
ber 4c is further bent, as approximately in the connector
1illustratedin Fig. 14. This structure may be implemented
by, for example, bending the first sloped portion 432c of
the elastic member 4c slightly upward on the side that is
closer to the tip end (i.e., on the left side) than the contact
with the advancing/retracting part 56c¢ in Fig. 32. In this
case, the restoring force vector 81c is slightly inclined to
the left from the reference line 82c, and a leftward force
acts on the advancing/retracting part 56¢. That is, the
elastic member 4c exerts the force of moving the oper-
ating section 5c to the left on the advancing/retracting
part 56¢. Moreover, the elastic member 4c does not exert
the force of moving the operating section 5c to the right
and returning the operating section 5c to the initial state
on the advancing/retracting part 56¢. Therefore, the po-
sition of the operating section 5c is stably maintained,
and the shape of the elastic member 4c that is separated
from the terminal 3c is stably maintained.

[0164] When the connector 1centers the non-connect-
ed state, as illustrated in Fig. 33, the electric cable 91 is
inserted from the insertion hole 21c¢ of the case 2c into
the case 2c in a predetermined direction of insertion and
located between the terminal 3c and the elastic member
4c in the non-connected state. The direction of insertion
of the electric cable 91 into the case 2c is approximately
parallel to the right-left direction. The electric cable 91 is
the same in, for example, type and diameter as the elec-
tric cable 91 described above.

[0165] The tip end of the electric cable 91 comes in
direct contact with the releaser lower portion 61c of the
releaser 6¢ inside the case 2c. In the example illustrated
in Fig. 33, the right side surface of the releaser lower
portion 61c serves as a receiving face 611c that comes
in direct contact with the tip end of the electric cable 91
and expands from the tip end to the surroundings. The
receiving face 611c is located on the inner side of the
terminal 3c and the movable portion 43¢ of the elastic
member 4c in the direction of insertion of the electric ca-
ble 91 and expands to the surroundings in a direction
that is approximately perpendicular to the direction of in-
sertion of the electric cable 91.



39 EP 4184 721 A1 40

[0166] The electric cable 91, with the tip end in contact
with the receiving face 611c of the releaser lower portion
61c, is moved to the inner side in the direction of insertion.
Accordingly, as illustrated in Fig. 34, the receiving face
611cis pushed to the inner side in the direction of inser-
tion, and the releaser 6¢ is rotated slightly clockwise in
Fig. 34 about the rotating shaft 24c. As a result, the re-
leaserupper portion 62¢ pushes the advancing/retracting
part 56c¢ to the right side in Fig. 34. That is, the force
generated by pushing in the electric cable 91 is indirectly
applied to the operating section 5c via the releaser 6¢
that comes in direct contact with the electric cable 91.
Then, the operating section 5c¢ slightly moves to the right
side, so that the position of the operating section 5c in
the advancing and retracting direction is changed. The
travel direction of the operating section 5c is the direction
from the inner side to the outer side in the direction of
insertion of the electric cable 91.

[0167] Accordingly, asillustrated in Fig. 34, the portion
of the operating section 5c that comes in contact with the
elastic member 4c changes from the lower end of the
operating section 5c to the left side surface of the lower
end portion of the operating section 5¢, and the portion
of the elastic member 4c that comes in contact with the
operating section 5¢ changes from the first sloped portion
432c to the second sloped portion 433c. The restoring
force vector 81c deviates to the right in Fig. 34 from the
reference line 82c, and the restoring force of the elastic
member 4c produces a rightward force on the advanc-
ing/retracting part 56c¢. As a result, the operating section
5c is further moved to the right and the elastic member
4c is restored from the non-connected state.

[0168] Then, as illustrated in Fig. 35, the elastic mem-
ber 4c transitions to the connected state in which the
electric cable 91 is sandwiched between the terminal 3c
and the elastic member 4c, and the electric cable 91 and
the terminal 3c are electrically and mechanically connect-
ed to each other. In other words, the electric cable 91,
after inserted into the connector 1c, is automatically con-
nected to the connector 1c (i.e., without the operator op-
erating the operating section 5¢ using a tool other than
the electric cable 91 or his/her fingers). For example, the
operator may recognize this transition to the connected
state by, for example, vibrations or sounds generated
when the electric cable 91 is pressed against the terminal
3c by the movable portion 43¢ of the elastic member 4c.
The vibrations or sounds may be generated by, for ex-
ample, a collision of two members that are any of the
elastic member 4c, the electric cable 91, the terminal 3c,
the operating section 5c, and the case 2c. The connector
1c may employ any of various structures that facilitate
the generation of the vibrations or sounds or that amplify
the vibrations or sounds.

[0169] When the connector 1c is in the connected
state, the position of the actuator 52¢ of the operating
section 5c¢ (i.e., the position thereof in the advancing and
retracting direction) differs from the position of the actu-
ator 52c when the connector 1c is in the non-connected
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state. Thus, the operator is able to easily recognize the
transition of the connector 1c from the non-connected
state to the connected state by visually recognizing the
position of the actuator 52c. In the same manner as de-
scribed above, the operator is also able to easily recog-
nize the initial state of the connector 1c by visually rec-
ognizing the position of the actuator 52c¢. That is, the ac-
tuator 52c of the operating section 5c serves as a visually
recognizable identifier thatindicates the state of the elas-
tic member 4c.

[0170] In the case of removing the electric cable 91
from the connector 1c, for example, the operator may
touch the actuator 52c of the operating section 5¢ with
his/her finger and move the actuator 52c to the left to
push in the actuator 52c into the case 2c. When the op-
erating section 5¢ is moved to the non-connected state
illustrated in Fig. 33, the restoring force vector 81c (see
Fig. 32) approximately coincides with the reference line
82c as described above, and the elastic member 4c is
maintained in the non-connected state in which the elas-
tic member 4c is separated below from the electric cable
91. This releases the holding of the electric cable 91 by
the elastic member 4c and the terminal 3c. The operator
is able to easily remove the electric cable 91 from the
connector 1c by pulling out the electric cable 91 from the
insertion hole 21c.

[0171] As described above, the connector 1c for con-
necting the electric cable 91 includes the case 2c, the
conductive terminal 3c, the elastic member 4c, and the
operating section 5c. The terminal 3c is fixed to the case
2c. The elastic member 4c is attached to the case 2c and
presses the electric cable 91 against the terminal 3c by
the restoring force to hold the electric cable 91. The op-
erating section 5c applies a force to the elastic member
4c to bend the elastic member 4c from the initial state to
the non-connected state and to maintain the elastic mem-
ber 4c in the non-connected state. The operating section
5c includes the first portion 513c that the restoring force
of the elastic member 4c acts on, and the second portion
514c that develops a reaction force against the restoring
force. The vector of the restoring force is regarded as the
restoring force vector 81c, and the straight line connect-
ing the first portion 513c and the second portion 514c is
regarded as the reference line 82c.

[0172] When the elastic member 4c is in the non-con-
nected state, the restoring force vector 81c approximate-
ly coincides with the reference line 82c, and the above
restoring force and the above reaction force are bal-
anced. Accordingly, the position of the operating section
5cis maintained, and the elastic member4cis maintained
in the non-connected state. When the position of the op-
erating section 5cis changed and the restoring force vec-
tor 81c deviates from the reference line 82c while the
electric cable 91 is inserted between the terminal 3c and
the elastic member 4c in the non-connected state, the
elastic member 4c is restored from the non-connected
state by the above restoring force and transitions to the
connected state in which the electric cable 91 is sand-



41 EP 4 184 721 A1

wiched between the terminal 3c and the elastic member
4c.

[0173] The connector 1c with the structure described
above eliminates the need to provide other structures
such as a stepped portion for locking the operating sec-
tion 5c in the non-connected state. This simplifies the
structure of the connector 1c. Besides, it is possible to
prevent the occurrence of problems such as locking fail-
ures due to wear on the stepped portion or any other
reasons and to increase the life of the connector 1c, un-
like in the case where the operating section 5c is locked
in the stepped portion or the like of the case 2c.

[0174] As described above, in the connector 1c, it is
preferable that the position of the operating section 5c is
maintained even if the elastic member 4c is further bent
in the non-connected state. At this time, the direction of
the force acting on the advancing/retracting part 56¢ pro-
duced by the restoring force of the elastic member 4c is
opposite to the direction of the force that returns the op-
erating section 5c to the connected state and the initial
state. Accordingly, it is possible to more stably maintain
the shape of the elastic member 4c in the state in which
the elastic member 4c is separated from the terminal 3c.
[0175] Inthe connector 1c, itis preferable thatthe case
2c¢ includes the guide face 25c¢ extending linearly, and
the elastic member 4c extends along the guide face 25c.
It is also preferable that the operating section 5c¢ further
includes the advancing/retracting part 56c¢ that is located
between the elastic member 4c and the guide face 25¢
and that moves linearly in a predetermined advancing
and retracting direction (in the example described above,
the right-left direction in Fig. 30) while being in contact
with the elastic member 4c and the guide face 25c at the
first portion 513c and the second portion 514c, respec-
tively. The distance between the elastic member 4c and
the guide face 25c decreases in a direction from one side
to the other side in the advancing and retracting direction
(in the example described above, in a direction from the
right side to the left side in Fig. 30). Preferably, when the
elastic member 4c transitions to the non-connected state,
the advancing/retracting part 56¢ moves from the above
one side to the other side in the advancing and retracting
direction (in the example described above, leftward in
Fig. 30) to bend the elastic member 4c and to make the
elastic member 4c approximately parallel to the guide
face 25c at a position at which the elastic member 4c
comes in contact with the first portion 513c. Then, when
the restoring force vector 81c approximately coincides
with the reference line 82c, the position of the operating
section 5c¢ in the advancing and retracting direction is
maintained, and the elastic member 4c is maintained in
the non-connected state. In the case of connecting the
electriccable 91, itis preferable that the operating section
5c is moved from the above other side to the one side in
the advancing and retracting direction (in the example
described above, rightward in Fig. 30) so as to deviate
the restoring force vector 81c from the reference line 82c
and to cause the elastic member 4c to transition from the
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non-connected state to the connected state by the re-
storing force. Accordingly, the transition of the elastic
member 4c to the non-connected state, the state main-
tenance of the elastic member 4c in the non-connected
state, and the transition from the non-connected state to
the connected state can be achieved with a simple struc-
ture.

[0176] In the case of connecting the electric cable 91
to the connector 1c described above, a force is indirectly
transmitted from the inserted electric cable 91 to the op-
erating section 5c via the releaser 6¢ so as to move the
operating section 5c from the above other side to the
above one side in the advancing and retracting direction
and to deviate the restoring force vector 81c from the
reference line 82c. However, the present embodiment is
not limited to this example. For example, the force may
be directly transmitted from the inserted electric cable 91
to the operating section 5¢c when moving the operating
section 5c from the above other side to the above one
side in the advancing and retracting direction. That s, in
the case of connecting the electric cable 91 to the con-
nector 1c, it is preferable that the force is directly or in-
directly transmitted from the inserted electric cable 91 to
the operating section 5¢ so as to move the operating
section 5c from the above other side to the above one
side in the advancing and retracting direction and to de-
viate the restoring force vector 81c from the reference
line 82c. This achieves automatic connection of the elec-
tric cable 91 by only a simple operation such as inserting
the electric cable 91 and thereby facilitates the connec-
tion of the electric cable 91 to the connector 1c.

[0177] Inthe connector 1c, the movable portion 43¢ of
the elastic member 4c serves as an electric-cable contact
part that comes in direct contact with the electric cable
91 in the connected state. Preferably, the travel path of
the electric-cable contact part does not overlap with the
motion space of the operating section 5c at least when
the elastic member 4c transitions from the non-connect-
ed state tothe connected state. This prevents the electric-
cable contact part of the elastic member 4c from coming
in contact with the operating section 5¢ and inhibiting the
movement of the operating section 5c.

[0178] In the connector 1c, it is preferable that part of
the operating section 5c¢ (in the example described
above, the actuator 52c¢) projects from the case 2c. This
enables the operator to easily operate the operating sec-
tion 5¢ by touching the actuator 52c with, for example,
his/her finger.

[0179] Itis preferable that the connector 1cincludes a
visually recognizable identifier (in the example described
above, the actuator 52c) that indicates the state of the
elastic member 4c. This allows easy and speedy recog-
nition of the state of the elastic member 4c.

[0180] When the elastic member 4cisin the connected
state, the actuator 52c¢ may be located inside the case
2c. In this case, it is possible to prevent the occurrence
of operating errors on the operating section 5cin the con-
nected state. When the elastic member 4c¢ is in the non-
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connected state, the actuator 52¢ projects from the case
2c as described above. This enables the operator to eas-
ily operate the operating section 5c¢ without using any
tool such as a minus driver in the non-connected state,
while preventing the occurrence of operating errors in
the connected state. The operator is also able to easily
and speedily recognize whether the elastic member 4c
is in the non-connected state, by visually recognizing
whether the actuator 52¢ projects from the case 2c.
[0181] Intheconnector 1c, itis preferable thatthe elas-
tic member 4c is a plate spring. This further simplifies the
structure of the connector 1c.

[0182] Next, a connector 1d according to a fifth em-
bodiment of the present invention will be described. Fig.
36 is a longitudinal sectional view illustrating an area in
the vicinity of an operating section 5d of the connector
1d in enlarged dimensions. Fig. 36 shows the connector
1d in the non-connected state.

[0183] The connector 1dincludes a case 2d, a terminal
3d, an elastic member 4d, and the operating section 5d.
The connector 1d and the connector 1 illustrated in Fig.
1 differ in the shapes of the case 2d, the terminal 3d, the
elastic member 4d, and the operating section 5d and the
movements of the elastic member 4d and the operating
section 5d, but are the same in, for example, material
properties and functions. Like almost the connector 1,
the connector 1d may include two or more sets of the
terminal 3d, the elastic member 4d, and the operating
section 5d in the case 2d.

[0184] The terminal 3d is an approximately plate-like
conductive member fixed to the case 2d. The terminal
3d may be made of, forexample, metal. The elastic mem-
ber 4d is an elastically deformable member attached to
the case 2d. For example, the elastic member 4d may
be an approximately band-like plate spring. The elastic
member 4d may be formed of a conductive material such
as metal, or may be formed of an insulating material such
as resin. The elastic member 4d has a shape that is bent
into an approximately L-, V-, or U-letter shape around
the central portion in the longitudinal direction.

[0185] Like the elastic member 4 described above, the
elastic member 4d includes a bent portion 41d, a fixed
portion 42d, and a movable portion 43d. The tip end (i.e.,
the lower end in Fig. 36) of the movable portion 43d is in
contact with the terminal 3d from above. Accordingly, the
path of insertion of an electric cable, which will be de-
scribed later, is closed inside an insertion hole 21d pro-
vided on the right side of the case 2d. The movable por-
tion 43d is also in contact with the operating section 5d.
As will be described later, the movable portion 43d is
pushed to the left by the operating section 5d to become
elastically deformed and bent and to become separated
above from the terminal 3d. When the leftward pressure
force against the movable portion 43d is relieved, the
movable portion 43d returns to its original state by the
restoring force (i.e., returns elastically).

[0186] The operating section 5d includes a rotator 57d
and an actuator 52d. The rotator 57d is an approximately
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disk-shaped or columnar member about a central axis
extending in the thickness direction. The rotator 57d is
placed on a concave operating-section placement part
26d provided at the bottom of the case 2d inside the case
2d (i.e., on the inner side of the outer edge of the case
2d). The operating-section placement part 26d has an
inner surface 261d that makes part of an approximately
cylindrical surface. The inner surface 261d of the oper-
ating-section placement part 26d has an approximately
fan shape when viewed from the front, the fan shape
having a central angle of approximately 135 degrees.
The left end of the operating-section placement part 26d
communicates with a guide face 27d that is a surface
sloped toward the upper side in a leftward direction.
[0187] The rotator 57d has a notch 571d recessed to-
ward the above central axis in part of its circumference
and also has a projection 572d projecting radially outward
in another part of its circumference. In the example illus-
trated in Fig. 36, the notch 571d is located in the upper
right portion of the rotator 57d. The projection 572d is
located at the lower end of the rotator 57d. The projection
572d has an approximately triangular shape when
viewed from the front.

[0188] The notch 571d has an approximately rectan-
gular shape when viewed from the front. The notch 571d
has a notch protrusion 573d at the right edge (i.e., at the
edge located in the clockwise direction when viewed from
the central portion of the notch 571d), the notch protru-
sion 573d protruding from the radial outer edge to the
inside of the notch 571d (i.e., protruding in the counter-
clockwise direction). The notch protrusion 573d has an
approximately triangular shape when viewed from the
front. The notch 571d also has an electric-cable receiver
574d atthe leftedge (i.e., at the edge located in the coun-
terclockwise direction when viewed from the central por-
tion of the notch 571d), the electric-cable receiver 574d
having an approximately flat plate-like shape expanding
in the thickness direction. The notch 571d overlaps with
the terminal 3d in the thickness direction and is located
on the rear side of the terminal 3d in Fig. 36.

[0189] The actuator 52d is an approximately rod-like
portion that extends upward from the left end portion of
the rotator 57d and that protrudes upward out of the case
2d. In the example illustrated in Fig. 36, the actuator 52d
is partly in contact with the case 2d so as to restrict further
clockwise rotation of the rotator 57d. Note that the rotator
57dis rotatable counterclockwise along the inner surface
261d of the operating-section placement part 26d from
the initial state illustrated in Fig. 36. The rotator 57d is
also movable to the left in Fig. 36 along the guide face
27d from the position illustrated in Fig. 36.

[0190] Next, a procedure for connecting an electric ca-
ble to the connector 1d will be described. First, in the
initial state illustrated in Fig. 36, an operator touches the
tip end portion of the actuator 52d of the operating section
5d with, for example, a fingertip 93 so as to rotate the
operating section 5d counterclockwise. At this time, the
rotator 57d rotates counterclockwise along the inner sur-
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face 261d of the operating-section placement part 26d.
[0191] With the rotation of the operating section 5d, as
illustrated in Fig. 37, the notch protrusion 573d of the
rotator 57d comes into contact with the movable portion
43d of the elastic member 4d and pushes and moves the
movable portion 43d diagonally upward to the left (i.e.,
in a direction approaching the fixed portion 42d). Accord-
ingly, the elastic member 4d is bent, and the movable
portion 43d is separated above from the terminal 3d.
[0192] When the operating section 5d is rotated half-
way as illustrated in Fig. 37, a restoring force vector 81d
of the elastic member 4d acting on the first portion 513d
deviates to the right from a reference line 82d that is a
straight line connecting a first portion 513d and a second
portion 514d. Thus, a clockwise rotation moment acts on
the rotator 57d, and unless the operator continues to ap-
ply a force to the actuator 52d of the operating section
5d, the elastic member 4d and the operating section 5d
will return to the initial state illustrated in Fig. 36. Note
that the first portion 513d is a portion of the operating
section 5d that the restoring force of the elastic member
4d acts on, and is specifically a tip end portion of the
notch protrusion 573d of the rotator 57d that comes in
contact with the movable portion 43d of the elastic mem-
ber 4d. The second portion 514d is a portion of the op-
erating section 5d that develops a reaction force against
the restoring force and is specifically the tip end portion
of the projection 572d of the rotator 57d that comes in
contact with the inner surface 261d of the operating-sec-
tion placement part 26d.

[0193] The operator rotates the operating section 5d
counterclockwise to the non-connected state illustrated
in Fig. 38 againstthe restoring force of the elastic member
4d. In the non-connected state, the restoring force vector
81d of the elastic member 4d acting on the first portion
513d approximately coincides with the reference line 82d
connecting the first portion 513d and the second portion
514d. Thus, the restoring force of the elastic member 4d
and the reaction force developed against the restoring
force by the operating section 5d are balanced.

[0194] Accordingly, neither the clockwise rotation mo-
ment described above nor a counterclockwise rotation
moment acts on the rotator 57d. Thus, even if the oper-
ator moves his/her fingertip or the like off the actuator
52d (i.e., in the state in which the operator does not apply
any force to the operating section 5d), the circumferential
position (i.e., rotational position) of the operating section
5d is stably maintained in the non-connected state illus-
trated in Fig. 38. The elastic member 4d is also stably
maintained in the non-connected state (i.e., stopped ten-
tatively). The non-connected state illustrated in Fig. 38
is a tentative stopped state in which the elastic member
4d is tentatively stopped in a bent position. At this time,
the electric-cable receiver 574d of the operating section
5d is located on the path of insertion of an electric cable,
which will be described later.

[0195] In the non-connected state, the actuator 52d of
the operating section 5d is in contact with a projection
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provided on the guide face 27d of the case 2d. This re-
stricts the movement of the operating section 5d so as
to prevent further counterclockwise rotation of the oper-
ating section 5d. In the connector 1d, the operating sec-
tion 5d includes only one first portion 513d that the re-
storing force of the elastic member 4d acts on, and only
one second portion 514d that develops a reaction force
against the restoring force. This simplifies the structure
of the connector 1d.

[0196] In the connector 1d, the operating section 5d
may be further rotated in the counterclockwise direction
from the rotational position illustrated in Fig. 38, and the
position of the operating section 5d may be maintained
in a state in which the elastic member 4d is further bent,
as approximately in the connector 1 illustrated in Fig. 14.
This structure may be implemented by, for example, re-
ducing the inclination of the guide face 27d of the case
2d illustrated in Fig. 38 (i.e., by approximating the guide
face to a horizontal surface). In this case, the restoring
force vector 81d slightly deviates to the left from the ref-
erence line 82d, and a counterclockwise rotation moment
acts on the rotator 57d. That is, the elastic member 4d
exerts the force of rotating the operating section 5d coun-
terclockwise on the rotator 57d. However, the counter-
clockwise rotation of the operating section 5d is restricted
by the actuator 52d that is in contact with the case 2d.
Moreover, the elastic member 4d does not exert the force
of rotating the operating section 5d clockwise and return-
ing the operating section 5d to the initial state. Accord-
ingly, the position (i.e., rotational position) of the operat-
ing section 5d is stably maintained, and the shape of the
elastic member 4d separated from the terminal 3d is sta-
bly maintained.

[0197] When the connector 1d enters the non-connect-
ed state, as illustrated in Fig. 39, the electric cable 91 is
inserted from the insertion hole 21d of the case 2d into
the case 2d in a predetermined direction of insertion and
placed between the terminal 3d and the elastic member
4d in the non-connected state. The direction of insertion
of the electric cable 91 into the case 2d is a diagonal
direction inclined to the up-down direction and the right-
left direction. The electric cable 91 is the same in, for
example, type and diameter as the electric cable 91 de-
scribed above.

[0198] The tip end of the electric cable 91 comes in
direct contact with the electric-cable receiver 574d of the
operating section 5d in the case 2d. In the example illus-
trated in Fig. 39, the right side surface of the electric-
cable receiver 574d serves as areceiving face 575d that
comes in direct contact with the tip end of the electric
cable 91 and that expands from the tip end to the sur-
roundings. Thereceiving face 575d is located on the inner
side of the elastic member 4d in the non-connected state
in the direction of insertion of the electric cable 91 and
expands to the surrounding in a direction that is approx-
imately perpendicular to the direction of insertion. Note
that the receiving face 575d does not necessarily have
to be a surface perpendicular to the direction of insertion.
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[0199] The electric cable 91, with the tip end in contact
with the receiving face 575d of the electric-cable receiver
574d, is moved to the inner side in the direction of inter-
station. Accordingly, the force is directly transmitted from
the electric cable 91 to the operating section 5d. Then,
the receiving face 575d is pushed to the inner side in the
direction of insertion, so that the operating section 5d is
slightly moved from the position indicated by the dashed
double-dotted line to the left (i.e., to the inner side in the
direction of insertion of the electric cable 91) as illustrated
in Fig. 40. Accordingly, the restoring force vector 81d
deviates to the right in Fig. 40 from the reference line
82d, and the restoring force of the elastic member 4d
produces a clockwise rotation moment on the rotator 57d.
As a result, the operating section 5d is further rotated
clockwise, and the elastic member 4d is restored from
the non-connected state.

[0200] Then, as illustrated in Fig. 41, the elastic mem-
ber 4d transitions to the connected state in which the
electric cable 91 is sandwiched between the terminal 3d
and the elastic member 4d, and the electric cable 91 and
the terminal 3d are electrically and mechanically con-
nected to each other. In other words, the electric cable
91, after inserted into the connector 1d, is automatically
connected to the connector 1d (i.e., without the operator
operating the operating section 5d using a tool other than
the electric cable 91 or his/her fingers). For example, the
operator may recognize this transition to the connected
state by, for example, vibrations or sounds generated
when the electric cable 91 is pressed against the terminal
3d by the movable portion 43d of the elastic member 4d.
The vibrations or sounds may be generated by, for ex-
ample, a collision of two members that are any of the
elastic member 4d, the electric cable 91, the terminal 3d,
the operating section 5d, and the case 2d. The connector
1d may employ any of various structures that facilitate
the generation of the vibrations or sounds or that amplify
the vibrations or sounds.

[0201] When the connector 1d is in the connected
state, the position of the actuator 52d of the operating
section 5d differs from the position of the actuator 52d
when the connector 1d is in the non-connected state.
Thus, the operator is able to easily recognize the transi-
tion of the connector 1d from the non-connected state to
the connected state by visually recognizing the position
of the actuator 52d. The operator is also able to easily
recognize the initial state of the connector 1d by visually
recognizing the position of the actuator 52d in the same
manner as described above. That is, the actuator 52d of
the operating section 5d serves as a visually recogniza-
ble identifier that indicates the state of the elastic member
4d.

[0202] In the case of removing the electric cable 91
from the connector 1d, for example, the operator may
push down the actuator 52d of the operating section 5d
with his/her fingertip or a tool such as a minus driver.
Accordingly, the operating section 5d is rotated counter-
clockwise in Fig. 41. When the operating section 5d is
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rotated to the non-connected state illustrated in Fig. 39,
the restoring force vector 81d (see Fig. 38) approximately
coincides with the reference line 82d as described above,
and the elastic member 4d is maintained in the non-con-
nected state in which the elastic member 4d is separated
above from the electric cable 91. This releases the hold-
ing of the electric cable 91 by the elastic member 4d and
the terminal 3d. The operator is able to easily remove
the electric cable 91 from the connector 1d by pulling out
the electric cable 91 from the insertion hole 21d.

[0203] As described above, the connector 1d for con-
necting the electric cable 91 includes the case 2d, the
conductive terminal 3d, the elastic member 4d, and the
operating section 5d. The terminal 3d is fixed to the case
2d. The elastic member 4d is attached to the case 2d
and presses the electric cable 91 against the terminal 3d
by the restoring force to hold the electric cable 91. The
operating section 5d applies aforce to the elastic member
4d to bend the elastic member 4d from the initial state to
the non-connected state and to maintain the elastic mem-
ber 4d in the non-connected state. The operating section
5d includes the first portion 513d that the restoring force
of the elastic member 4d acts on, and the second portion
514d that develops a reaction force against the restoring
force. The vector of the restoring force is regarded as the
restoring force vector 81d, and the straight line connect-
ing the first portion 513d and the second portion 514d is
regarded as the reference line 82d.

[0204] When the elastic member 4d is in the non-con-
nected state, the restoring force vector 81d approximate-
ly coincides with the reference line 82d, and the above
restoring force and the above reaction force are bal-
anced. Accordingly, the position of the operating section
5d is maintained, and the elastic member 4d is main-
tained in the non-connected state. When the position of
the operating section 5d is changed and the restoring
force vector 81d deviates from the reference line 82d
while the electric cable 91 is inserted between the termi-
nal 3d and the elastic member 4d in the non-connected
state, the elastic member 4d is restored from the non-
connected state by the above restoring force and transi-
tions to the connected state in which the electric cable
91 is sandwiched between the terminal 3d and the elastic
member 4d.

[0205] The connector 1d with the structure described
above eliminates the need to provide other structures
such as a stepped portion for locking the operating sec-
tion 5d in the non-connected state or a state releaser for
releasing the locking of the operating section 5d. This
simplifies the structure of the connector 1d. Besides, it
is possible to prevent the occurrence of problems such
as locking failures due to wear on the stepped portion or
any otherreasons and toincrease the life of the connector
1d, unlike in the case where the operating section 5d is
locked in the stepped portion or the like of the case 2d.
[0206] As described above, in the connector 14, it is
preferable that the position of the operating section 5d is
maintained even if the elastic member 4d is further bent
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in the non-connected state. At this time, the direction of
the force on the rotator 57d produced by the restoring
force of the elastic member 4d is opposite to the direction
of the force that returns the operating section 5d to the
connected state and the initial state. Accordingly, it is
possible to more stably maintain the shape of the elastic
member 4d in the state in which the elastic member 4d
is separated from the terminal 3d.

[0207] Inthe connector 1d, it is preferable that the op-
erating section 5d includes the approximately disk-
shaped or columnar rotator 57d that has the notch 571d
in part of its circumference and the projection 572d in
another part of its circumference. The case 2d includes
the concave operating-section placement part 26d that
makes part of the approximately cylindrical surface of the
inner surface 261d. The rotator 57d is placed on the op-
erating-section placement part 26d and comes in contact
with the elastic member 4d at part of the notch 571d (in
the example described above, the notch protrusion 573d)
serving as the first portion 513d and in contact with the
inner surface 261d of the operating-section placement
part 26d at the projection 572d serving as the second
portion 514d. Preferably, when the elastic member 4d
transitions to the non-connected state, the rotator 57d is
rotated in a first rotation direction (in the example de-
scribed above, the counterclockwise direction) to bend
the elastic member 4d, and when the restoring force vec-
tor 81d approximately coincides with the reference line
82d, the rotational position of the rotator 57d is main-
tained, and the elastic member 4d is maintained in the
non-connected state. Preferably, in the case of connect-
ing the electric cable 91, the rotator 57d is moved to the
inner side in the direction of insertion of the electric cable
91 (in the example described above, leftward in Fig. 40)
to deviate the restoring force vector 81d from the refer-
ence line 82d and to rotate the rotator 57d in a second
rotation direction opposite to the above first rotation di-
rection by the restoring force to cause the elastic member
4d to transition from the non-connected state to the con-
nected state. Accordingly, the transition of the elastic
member 4d to the non-connected state, the state main-
tenance of the elastic member 4d in the non-connected
state, and the transition of the elastic member 4d from
the non-connected state to the connected state can be
achieved with a simple structure.

[0208] In the case of connecting the electric cable 91
to the connector 1d described above, the force is directly
transmitted from the inserted electric cable 91 to the op-
erating section 5d so as to move the rotator 57d to the
inner side in the direction of insertion of the electric cable
91 and to deviate the restoring force vector 81d from the
reference line 82d, but the present embodiment is not
limited to this example. For example, the force may be
directly transmitted from the inserted electric cable 91 to
the operating section 5d so as to move the rotator 57d
to the inner side in the direction of insertion of the electric
cable 91. That is, in the case of connecting the electric
cable 91 to the connector 1d, itis preferable that the force
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is directly or indirectly transmitted from the inserted elec-
tric cable 91 to the operating section 5d so as to move
the rotator 57d to the inner side in the direction of insertion
of the electric cable 91 and to deviate the restoring force
vector 81d from the reference line 82d. This achieve au-
tomatic connection of the electric cable 91 by only a sim-
ple operation such as inserting the electric cable 91 and
facilitates the connection of the electric cable 91 to the
connector 1d.

[0209] As described above, in the case of connecting
the electric cable 91, itis preferable that the inserted elec-
tric cable 91 comes in direct contact with the operating
section 5d to change the position of the operating section
5d. In this case, because the force of pushing in the elec-
tric cable 91 is easily transmitted to the operating section
5d, it is possible to easily achieve automatic connection
of the electric cable 91. Besides, since there is no need
to provide the elastic member 4b with a portion that
comes in contact with the electric cable 91, it is possible
to simplify the shape of the elastic member 4d.

[0210] As described above, it is preferable that the op-
erating section 5d includes the electric-cable receiver
574d that comes in direct contact with the tip end of the
electric cable 91. It is also preferable that the electric-
cable receiver 574d has the receiving face 575d that ex-
pands from the tip end of the electric cable 91 to the
surroundings. This allows the force of pushing in the elec-
tric cable 91 to be efficiently transmitted to the operating
section 5d.

[0211] Inthe connector 1d, the movable portion 43d of
the elastic member 4d serves as an electric-cable contact
part that comes in direct contact with the electric cable
91 in the connected state. Preferably, the travel path of
the electric-cable contact part does not overlap with the
motion space of the operating section 5d at least when
the elastic member 4d transitions from the non-connect-
ed state tothe connected state. This prevents the electric-
cable contact part of the elastic member 4d from coming
in contact with the operating section 5d and inhibiting the
movement of the operating section 5d.

[0212] In the connector 1d, it is preferable that part of
the operating section 5d (in the example described
above, the actuator 52d) projects from the case 2d. This
enables the operator to easily operate the operating sec-
tion 5d by touching the actuator 52d with, for example,
his/her fingertip.

[0213] Itis preferable that the connector 1d includes a
visually recognizable identifier (in the example described
above, the actuator 52d) that indicates the state of the
elastic member 4d. This allows easy and speedy recog-
nition of the state of the elastic member 4d.

[0214] The actuator 52d may be configured to project
from the case 2d when the elastic member 4d is in the
non-connected state and to be located inside the case
2d when the elastic member 4d is in the connected state.
In this case, it is possible to easily operate the operating
section 5d without using any tool such as a minus driver
in the non-connected state. It is also possible to prevent
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the occurrence of operating errors on the operating sec-
tion 5d in the connected state. Moreover, it is possible to
easily and speedily recognize whether the elastic mem-
ber 4d is in the non-connected state, by visually recog-
nizing whether the actuator 52d projects from the case
2d.

[0215] Inthe connector 1d,itis preferable that the elas-
tic member 4d is a plate spring. This further simplifies
the structure of the connector 1d.

[0216] The connectors 1and 1ato 1d described above
may be modified in various ways.

[0217] For example, in the connectors 1 and 1a to 1d,
the elastic members 4 and 4a to 4d are not limited to
plate springs and may be any other type of springs having
a different structure (e.g., helical springs).

[0218] In the connector 1, the actuator 52 of the oper-
ating section 5 functions as the identifier as described
above, but the other portion of the operating section 5 or
any other portion other than the operating section 5 may
be used as the visually recognizable identifier that indi-
cates the state of the elastic member 4. The same also
applies to the connectors 1a to 1d, and any other portion
different from those described in the above examples
may be used as the identifier. Note that the identifier may
be omitted from the connectors 1 and 1a to 1d.

[0219] Inthe connector 1,the connection of the electric
cable 91 does not necessarily have to be implemented
by the automatic connection described above in approx-
imately the same manner as in the connector 1aiillustrat-
ed in Fig. 22, and may be implemented by, for example,
the operator touching and moving the operating section
5 with, forexample, a tool or his/her fingertip. Specifically,
the operator may slightly push the actuator 52 of the op-
erating section 5 on the right side in Fig. 9 to the left with
his/her fingertip, so that the restoring force vector 81 de-
viates to the left from the reference line 82 and the re-
storing force of the elastic member 4 produces a clock-
wise rotation moment on the cam 51 as illustrated in Fig.
10. As a result, even if the operator does not apply any
further force to the actuator 52, the operating section 5
rotates clockwise and the connector 1 transitions to the
connected state illustrated in Fig. 12.

[0220] Almost the same also applies to the connector
1b, and the operator may slightly deform the elastic mem-
ber 4b illustrated in Fig. 27 by touching the elastic mem-
ber 4b with, for example, a tool or his/her fingertip, so
that the operating section 5b is rotated clockwise from
the non-connected state illustrated in Fig. 27 and transi-
tions to the connected state illustrated in Fig. 29. Aimost
the same also applies to the connector 1c, and the op-
erator may slightly rotate the releaser 6cillustrated in Fig.
33 by touching the releaser 6¢ with, for example, a tool
or his/her fingertip, so that the operating section 5c is
moved to the right from the non-connected state illustrat-
ed in Fig. 33 and transitions to the connected state illus-
trated in Fig. 35. Almost the same also applies to the
connector 1d, and the operator may slightly move the
operating section 5d illustrated in Fig. 39 to the left by
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touching the operating section 5d with, for example, a
tool or his/her fingertip, so that the operating section 5d
is rotated clockwise from the non-connected state illus-
trated in Fig. 39 and transitions to the connected state
illustrated in Fig. 41.

[0221] Inthe connector 1, the operating section 5 does
not necessarily have to project from the case 2, and the
operating section 5 as a whole may be located inside the
case 2. The same applies to the connectors 1a to 1d.
[0222] Inthe connector 1, the travel path of the electric-
cable contact part 45 of the elastic member 4 may overlap
with the motion space of the operating section 5 in the
thickness direction. The elastic member 4 does not nec-
essarily have to come in direct contact with the electric
cable 91 in the connected state, and may come in indirect
contact with the electric cable 91 via, for example, any
other member. The same applies to the connectors 1a
to 1d.

[0223] In the connector 1, the shape of the receiving
face 531 of the electric-cable receiver 53 may be modified
in various ways. The electric cable 91 inserted in the case
2 does not necessarily have to use its tip end to come in
contact with the operating section 5, and may use any
other portion to come in contact with the operating section
5 as in the connector 1a. The electric cable 91 does not
necessarily have to come in direct contact with the op-
erating section 5, and may come in indirect contact with
the operating section 5 via any other member such as
the elastic member 4 and change the position of the op-
erating section 5 as in the connector 1b. Note that the
operating section 5 may omit the electric-cable receiver
53. The same applies to the electric-cable receiver 44b
of the connector 1b and the electric-cable receiver 574d
of the connector 1d.

[0224] In the connector 1, the rotation direction of the
operating section 5 during transition from the initial state
to the non-connected state and the rotation direction of
the operating section 5 during transition from the non-
connected state to the connected state do not necessarily
have to be opposite directions, and may be the same
direction. Moreover, the operating section 5 does not
necessarily have to rotate during transition from the non-
connected state to the connected state, and for example,
the operating section 5 may slide sideway to cause the
elastic member 4 to transition from the non-connected
state to the connected state as in the connector 1c.
[0225] The connectors 1 and 1ato 1d described above
may be used to connect electric cables to various devic-
es. For example, the connector 1 may be used in, for
example, a relay socket or an operation switch.

[0226] The configurations of the preferred embodi-
ments and the variations described above may be ap-
propriately combined as long as there are no mutual in-
consistencies.

[0227] While the invention has been shown and de-
scribed in detail, the foregoing descriptionisin all aspects
illustrative and not restrictive. It is therefore to be under-
stood that numerous modifications and variations can be
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sed without departing from the scope of the inven-

REFERENCE SIGNS LIST

[0228]

Clai

1.

1, 1a to 1d connector

2, 2a to 2d case

3, 3a to 3d terminal

4, 4a to 4d elastic member

5, 5a to 5d operating section

24, 24a, 24b rotating shaft

25c guide face

26d operating-section placement part
261d inner surface (of operating-section placement
part)

44b electric-cable receiver

45 electric-cable contact part

46b releaser

51, 51a, 51b cam

52 actuator

53, 574d electric-cable receiver

54, 54a, 54b bearing

55a identifier

56¢ advancing/retracting part

57d notch

572d projection

81, 81a to 81d restoring force vector
82, 82a to 82d reference line

91 electric cable

431b receiving face

513, 513a to 513d first portion

514, 514a to 514d second portion
531, 575d receiving face

ms

A connector for connecting an electric cable, com-
prising:

a case;
a conductive terminal fixed to said case;

an elastic member that is attached to said case
and that presses an electric cable against said
terminal by restoring force to sandwich said
electric cable between said terminal and said
elastic member; and

an operating section that applies a force to said
elastic member to bend said elastic member
from aninitial state to a non-connected state and
to maintain said elastic member in said non-con-
nected state,

wherein said operating section includes:

afirst portion that said restoring force of said
elastic member acts on; and
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a second portion that develops a reaction
force against said restoring force,

where a vector of said restoring force is re-
garded as a restoring force vector, and a
straightline connecting said first portion and
said second portion is regarded as a refer-
ence line,

when said elastic member is in said non-
connected state, said restoring force vector
approximately coincides with said refer-
ence line, and said restoring force and said
reaction force are balanced to maintain a
position of said operating section and to
maintain said elastic member in said non-
connected state, and

when the position of said operating section
is changed and said restoring force vector
deviates from said reference line while said
electric cable is inserted between said ter-
minal and said elastic member in said non-
connected state, said elastic member is re-
stored from said non-connected state by
said restoring force and transitions to a con-
nected state in which said electric cable is
sandwiched between said terminal and said
elastic member.

The connector according to claim 1, wherein

the position of said operating section is maintained
evenin a state in which said elastic member is further
bent in said non-connected state.

The connector according to claim 1 or 2, wherein

said operating section includes a cam that ro-
tates about a rotating shaft,

said cam comes in contact with said elastic
member at said first portion and comes in con-
tact with said rotating shaft at a bearing that
serves as said second portion, and

when said elastic member transitions to said
non-connected state, said cam rotates to in-
crease a distance between said first portion and
said rotating shaft and to bend said elastic mem-
ber, and when said restoring force vector ap-
proximately coincides with said reference line,
a rotational position of said operating section is
maintained and said elastic member is main-
tained in said non-connected state.

The connector according to claim 3, wherein

when said electric cable is connected to said con-
nector, a force is directly or indirectly transmitted
from said electric cable inserted to said operating
section to change the position of said operating sec-
tion and to deviate said restoring force vector from
said reference line.
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The connector according to claim 4, wherein

when said electric cable is connected to said con-
nector, said electric cable inserted comes in direct
contact with said operating section to change the
position of said operating section.

The connector according to claim 5, wherein

said operating section includes an electric-cable
receiver that comes in direct contact with a tip
end of said electric cable, and

said electric-cable receiver has a receiving face
that expands from said tip end of said electric
cable to a surrounding.

The connector according to claim 4, wherein

when said electric cable is connected to said con-
nector, said electric cable inserted comes in direct
contact with said elastic member and deforms said
elastic member to apply a force to said operating
section via said elastic member and to change the
position of said operating section.

The connector according to claim 7, wherein
said elastic member includes:

an electric-cable receiver that comes in direct
contact with a tip end of said electric cable; and
a releaser that extends from said electric-cable
receiver toward said operating section,

said electric-cable receiver has a receiving face
that expands from said tip end of said electric
cable to a surrounding, and

when said receiving face is pushed by said elec-
tric cable toward an inner side in a direction of
insertion of said electric cable, said elastic mem-
ber becomes deformed, and said releaser
comes in contact with said operating section to
apply a force of rotating said cam to said oper-
ating section.

9. The connector according to claim 1 or 2, wherein

said case has a guide face that extends linearly,
said elastic member extends along said guide
face,

said operating section includes an advanc-
ing/retracting part that is located between said
elastic member and said guide face and that
moves linearly in a predetermined advancing
and retracting direction while coming in contact
with said elastic member at said first portion and
in contact with said guide face at said second
portion,

a distance between said elastic member and
said guide face decreases from one side to the
other side in said advancing and retracting di-
rection,

10

15

20

25

30

35

40

45

50

55

29

when said elastic member transitions to said
non-connected state, said advancing/retracting
part moves from said one side to said other side
in said advancing and retracting direction to
bend said elastic member, and when said elastic
member becomes approximately parallel to said
guide face, and said restoring force vector ap-
proximately coincides with said reference line in
a position in which said elastic member comes
in contact with said first portion, a position of
said operating section in said advancing and re-
tracting direction is maintained and said elastic
member is maintained in said non-connected
state, and

when said electric cable is connected to said
connector, said operating section moves from
said other side to said one side in said advancing
and retracting direction to deviate said restoring
force vector from said reference line and to effect
a transition of said elastic member from said
non-connected state to said connected state by
said restoring force.

10. The connector according to claim 9, wherein

when said electric cable is connected to said con-
nector, a force is directly or indirectly transmitted
from said electric cable inserted to said operating
section to move said operating section from said oth-
er side to said one side in said advancing and re-
tracting direction and to deviate said restoring force
vector from said reference line.

11. The connector according to claim 1 or 2, wherein

said operating section includes an approximate-
ly disk-like or columnar rotator that has a notch
in part of a circumference thereof and a projec-
tion in another part of the circumference,

said case includes a concave operating-section
placement part having an inner surface that
forms part of an approximately cylindrical sur-
face,

said rotator is placed on said operating-section
placement partto come in contact with said elas-
tic member at said first portion that forms part
of said notch and to come in contact with said
inner surface of said operating-section place-
ment part at said second portion that serves as
said projection,

when said elastic member transitions to said
non-connected state, said rotator rotates in a
first rotation direction to bend said elastic mem-
ber, and when said restoring force vector ap-
proximately coincides with said reference line,
arotational position of said rotator is maintained
and said elastic member is maintained in said
non-connected state, and

when said electric cable is connected to said
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connector, said rotator is moved to an inner side

in a direction of insertion of said electric cable

to deviate said restoring force vector from said
reference line, and when said rotator is rotated

in a second rotation direction opposite to said 5
first rotation direction by said restoring force,
said elastic member transitions from said non-
connected state to said connected state.

12. The connector according to claim 11, wherein 10
when said electric cable is connected to said con-
nector, a force is directly or indirectly transmitted
from said electric cable inserted to said operating
section to move said rotator to an inner side in the
direction of insertion of said electric cable andto de- 75
viate said restoring force vector from said reference
line.

13. The connector according to any one of claims 1 to
12, wherein 20

said elastic member includes an electric-cable
contact part that comes in direct contact with
said electric cable in said connected state, and

a travel path of said electric-cable contact part 25
does not overlap with a motion space of said
operating section at least when said elastic
member transitions from said non-connected
state to said connected state.

30
14. The connector according to any one of claims 1 to
13, wherein
part of said operating section projects from said
case.
35

15. The connector according to any one of claims 1 to
14, wherein

when said elastic member is in said non-con-
nected state, part of said operating section 40
projects from said case, and
when said elastic member is in said connected
state, said part of said operating section is lo-
cated inside said case.
45
16. The connector according to any one of claims 1 to
15, further comprising:
a visually recognizable identifier that indicates a
state of said elastic member.
50
17. The connector according to any one of claims 1 to
16, wherein
said elastic member is a plate spring.
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