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(54) Hinge apparatus

(57)  basal end portion of a force transmitter 81 is ro-
tatably disposed in a second support shaft 74 rotatably
connecting an internal link 72 to a body 3. A distal end
portion of the force transmitter 81 is projected out of a
guide hole 3g formed in a top plate 3b of the body 3. A
pressing portion 81b is disposed in the projected distal
end portion of the force transmitter 81. A receiver 83 is

disposed in an end portion that is spaced from an instan-
taneous rotation center of a mounting member 4 when
the mounting member 4 is positioned near a closed po-
sition. The pressing portion 81b is pressed against the
receiver 83 by the torsion coil spring 82, thereby causing
the mounting member 4 to be rotated toward the closed
position.
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Description
Field of the Invention

[0001] The present invention relates to a hinge appa-
ratus suitable for rotatably connecting a door to a frame.

Background of the Invention

[0002] AsdisclosedinPatentDocument 1 listed below,
a hinge apparatus of this type generally includes a body
and a mounting member rotatably connected to the body
via a first link and a second link. The body is attached to
a housing and the mounting member is attached to a
door. As a result, the door is rotatably mounted to the
housing via the hinge apparatus.

[0003] A rotational biasing means such as a torsion
coil spring is disposed in the body. The rotational biasing
means rotationally biases the mounting member via the
first link or the second link. Specifically, one end portions
of the first link and the second link are respectively rotat-
ably connected to the body via a first support shaft and
a second support shaft parallel to each other. The other
end portions of the first link and the second link are re-
spectively rotatably connected to the mounting member
via a third support shaft and a fourth support shaft parallel
to the first support shaft and the second support shaft.
Accordingly, when the rotational biasing means rotation-
ally biases the mounting member via the first link, the
first link is rotationally biased by the rotational biasing
means about the first support shaft. The rotationally bi-
ased first link then rotationally biases the mounting mem-
ber via the third support shaft. When the rotational biasing
means rotationally biases the mounting member via the
second link, the second link rotationally biases the
mounting member via the fourth support shaft. In this
way, a rotational biasing force of the rotational biasing
means acts on the mounting member via the third support
shaft or the fourth support shaft.

Prior Art Documents
Patent Documents

[0004] Patent Document 1: Japanese Unexamined
Patent Application Publication No, S60-112973

Summary of the Invention
Problem to be Solved by the Invention

[0005] An instantaneous rotation center of the mount-
ing member is a point of intersection of a straight line
connecting the first support shaft and the third support
shaft and a straight line connecting the second support
shaft and the fourth support shaft. The instantaneous ro-
tation center is located in front in a direction from the first
support shaft to the third support shaft and in front in a
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direction from the second support shaft to the fourth sup-
port shaft. The third and fourth support shafts on which
the rotational biasing force rotating the mounting member
acts are disposed at locations nearer to the instantane-
ous rotation center. Accordingly, a distance between the
instantaneous rotation center of the mounting member
and the third support shaft or the fourth support shaft,
i.e., a length of a moment arm of rotation for rotating the
mounting member is relatively short. Therefore, it is re-
quired that the rotational biasing means for rotationally
biasing the mounting member should have a large rota-
tional biasing force. However, when the rotational biasing
force of the rotational biasing means is great, a great
frictional resistance is generated at points where com-
ponents slidingly contact each other accompanying the
rotation of the mounting member, such as a point be-
tween the first link and the third support shaft or a point
between the second link and the fourth support shaft.
This may result in a problem in which the slidingly con-
tacted points may be worn away early.

Solution to the Problem

[0006] To solve the problem mentioned above, a first
aspect of the present invention provides a hinge appa-
ratus comprising a body; a mounting member connected
to the body via first and second links such that the mount-
ing member can be rotated between a closed position
and an open position; and a rotational biasing means
disposed in the body, the rotational biasing means bias-
ing the mounting member such that the mounting mem-
ber is rotated with respect to the body, one end portions
of the first and second links rotatably connected to the
body respectively via first and second support shafts par-
allel to each other, the other end portions of the first and
second links rotatably connected to the mounting mem-
ber respectively via third and fourth support shafts par-
allel to the first and second support shafts, characterized
in that the rotational biasing means is disposed inside
the body with a portion of the rotational biasing means
projected out of the body and that the portion of the ro-
tational biasing means projected out of the body is
pressed to contact the mounting member, thereby rota-
tionally biasing the mounting member.

In this case, it is preferable that the portion of the rota-
tional biasing means pressed to contact the mounting
member is projected out of the body in a direction per-
pendicular to axes of the first, second, third and fourth
support shafts and in a direction away from an instanta-
neous rotation center of the mounting member.
Preferably, the body is formed to have a U-shaped cross-
sectional configuration by a pair of side plates arranged
to be opposed to each other and a top plate connecting
one side portions of the pair of side plates, the first and
second support shafts are disposed with the axes thereof
oriented in a direction in which the side plates are op-
posed to each other, opposite end portions of the first
support shaft and opposite end portions of the second
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support shaft are supported by the side plates, notches
are formed in the top plate and the portion of the rotational
biasing means is projected out of the body through the
notches.

Preferably, the rotational biasing means comprises a
force transmitter displaceably disposed in the body and
a biasing means that causes the force transmitter to be
displaced, and a portion of the force transmitter is pro-
jected out of the body.

To solve the problem mentioned above, a second aspect
of the presentinvention provides a hinge apparatus com-
prising: a body; a mounting member connected to the
body via first and second links such that the mounting
member can be rotated between a closed position and
an open position; and a rotational biasing means dis-
posed in the body, the rotational biasing means biasing
the mounting member such that the mounting member
is rotated with respect to the body, one end portions of
the first and second links rotatably connected to the body
respectively via first and second support shafts parallel
to each other, the other end portions of the first and sec-
ond links rotatably connected to the mounting member
respectively via third and fourth support shafts parallel
to the first and second support shafts, characterized in
that an action portion is provided in the mounting mem-
ber, rotational biasing force of the rotational biasing
means acting on the action portion, and the action portion
is disposed such that a distance between an instantane-
ous rotation center of the mounting member and the ac-
tion portion is longer than a distance between the instan-
taneous rotation center of the mounting member and the
third support shaft and a distance between the instanta-
neous rotation center of the mounting member and the
fourth support shaft.

In this case, it is preferable that a direction of action of
biasing force of the rotational biasing means acting on
the action portion gradually changes accompanying the
rotation of the mounting member.

Preferably, the rotational biasing means comprises a
force transmitter disposed in the body and a biasing
means rotationally biasing the force transmitter, one end
portion of the force transmitter disposed inside the body
is rotatably connected to the body, the other end portion
of the force transmitter is projected out of the body, and
the other end portion projected out of the body is pressed
to contact the action portion of the mounting member,
thereby causing the mounting member to be rotated by
the biasing means via the force transmitter.

Preferably, a rotation prohibition mechanism are provid-
ed between the first link and the force transmitter and
when the mounting member is rotated from one of the
open position and the closed position toward the other
of the open position and the closed position, until the
mounting member reaches a released position a prede-
termined angle before the other of the open position and
the closed position, the rotation prohibition mechanism
prohibits the force transmitter from being rotated by the
biasing means, thereby causing the force transmitter to
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be held at a predetermined stopped position, and when
the mounting member is rotated beyond the released po-
sition, the rotation prohibition mechanism allows the force
transmitter to be rotated by the biasing means toward
the other of the open position and the closed position.
Preferably, the rotation prohibition mechanism compris-
es a first engagement portion disposed in the first link
and a second engagement portion disposed in the force
transmitter, one of the first and second engagement por-
tions comprises a concavely curved first circular-arc sur-
face, a center of curvature of the first circular-arc surface
being an axis of the first support shaft, the other of the
first and second engagement portions comprises a con-
vexly curved second circular-arc surface, a center of cur-
vature of the second circular-arc surface being the axis
of the first support shaft, until the mounting member
reaches the released position, the first circular-arc sur-
face and the second circular-arc surface contact each
other such that each of the first circular-arc surface and
the second circular-arc surface can be rotated about the
axis of the first support shaft, thereby prohibiting the force
transmitter from being rotated, and when the mounting
member is rotated beyond the released position, the first
circular-arc surface and the second circular-arc surface
are spaced from each other, thereby allowing the force
transmitter to be rotated.

Advantageous Effects of the Invention

[0007] According to the first aspect of the present in-
vention having the above-mentioned features, a portion
of the rotational biasing means rotationally biasing the
mounting member is pressed to contact the mounting
member and the portion is projected out of the body.
Therefore, a point at which the portion contacts the
mounting member can be located far from the instanta-
neous rotation center of the mounting member. Assum-
ing that the rotational biasing force of the rotational bias-
ing means is constant, the rotational biasing force (mo-
ment of rotation) of the rotational biasing means acting
on the mounting member can be enhanced by an amount
corresponding to a distance by which the portion is lo-
cated farther from the instantaneous rotation center of
the mounting member. In other words, a required mag-
nitude of the rotational biasing force of the rotational bi-
asing means can be reduced by the amount by which
the rotational biasing force acting on the mounting mem-
ber can be enhanced. Accordingly, the early wearing out
of the points where the components slidingly contact
each other accompanying the rotation of the mounting
member can be prevented.

According to the second aspect of the present invention,
the distance between the instantaneous rotation center
of the mounting member and the action portion is longer
than the distance between the instantaneous rotation
center of the mounting member and the third support
shaft and the distance between the instantaneous rota-
tion center of the mounting member and the fourth sup-
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port shaft. Therefore, assuming that the rotational biasing
force of the rotational biasing means is constant, the ro-
tational biasing force (moment of rotation) that rotates
the mounting member can be enhanced by an amount
corresponding to a distance by which the distance be-
tween the instantaneous rotation center of the mounting
member and the action portion is longer. In other words,
the required magnitude of the rotational biasing force of
the rotational biasing means can be reduced by the
amount by which the rotational biasing force acting on
the mounting member can be enhanced. Accordingly,
the early wearing out of the points where the components
slidingly contact each other accompanying to rotation of
the mounting member can be prevented.

Brief Description of the Drawings
[0008]

FIG. 1 is a perspective view of a first embodiment of
the present invention.

FIG. 2 is perspective view of the first embodiment of
the presentinvention, showing a body detached from
a base unit.

FIG. 3 is an exploded perspective view of the base
unit according to the first embodiment of the present
invention.

FIG. 4 is an exploded perspective view of the first
embodiment of the present invention, showing the
body, a mounting member and components dis-
posed thereon.

FIG. 5 is a plan view of the first embodiment of the
presentinvention, showing the mounting member ro-
tated to a closed position.

FIG. 6 is an enlarged cross-sectional view taken
along line X-X of FIG. 5, showing the body and the
mounting member respectively attached to a hous-
ing and a door.

FIG. 7 is a partially-omitted cross-sectional view of
the first embodiment of the present invention, similar
to FIG. 6, showing the mounting member positioned
in an open position.

FIG. 8 is a partially-omitted cross-sectional view of
the first embodiment of the present invention, similar
to FIG. 6, showing the mounting member rotated
from the open position toward the closed position by
a predetermined angle.

FIG. 9 is a partially-omitted cross-sectional view of
the first embodiment of the present invention, similar
to FIG. 6, showing the mounting member rotated
from the open position toward the closed position up
to a position where a force transmitter starts to con-
tact an action portion of the mounting member.
FIG. 10 is a partially-omitted cross-sectional view of
the first embodiment of the present invention, similar
to FIG. 6, showing the mounting member rotated
from the open position toward the closed position up
to a released position.
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FIG. 11 is a partially-omitted cross-sectional view of
the first embodiment of the present invention, similar
to FIG. 6, showing the mounting member rotated
from the open position toward the closed position
further beyond the released position shown in FIG.
10.

FIG. 12 is a partially-omitted cross-sectional view of
the first embodiment of the present invention, similar
to FIG. 6, showing the mounting member rotated
from the open position toward the closed position
further beyond the position shown in FIG. 11.

FIG. 13 is a partially-omitted cross-sectional view of
the first embodiment of the presentinvention, similar
to FIG. 6, showing the mounting member rotated
from the open position toward the closed position
further beyond the position shown in FIG. 12.

FIG. 14A is a perspective view of a first link used in
the first embodiment of the present invention.

FIG. 14B is a front view of the first link of FIG. 14A.
FIG. 14C is a side view of the first link of FIG. 14A.
FIG. 14D is a plan view of the first link of FIG. 14A.
FIG. 14E is a cross-sectional view of the first link
taken along line X-X of FIG. 14B.

FIG. 15 is a perspective view of a force transmitter
used in the first embodiment of the present invention.
FIG. 16 is a plan view of the force transmitter of FIG.
15.

FIG. 17 is a rear view of the force transmitter of FIG.
15.

FIG. 18 is a side view of the force transmitter of FIG.
15.

FIG. 19 is a cross-sectional view taken along line X-
X of FIG. 17.

FIG. 20 is a perspective view of a second embodi-
ment of the present invention.

FIG. 21 is a perspective view of a body used in the
second embodiment of the present invention.

FIG. 22 is a perspective view of a force transmitter
used in the second embodiment of the present in-
vention.

FIG. 23 is a front view of the force transmitter of FIG.
22.

FIG. 24 is a side view of the force transmitter of FIG.
22.

FIG. 25 is a cross-sectional view of the second em-
bodiment of the present invention, similar to FIG. 7.
FIG. 26 is a cross-sectional view of the second em-
bodiment of the present invention, similar to FIG. 9.
FIG. 27 is a cross-sectional view of the second em-
bodiment of the present invention, similar to FIG. 10.
FIG. 28 is a cross-sectional view of the second em-
bodiment of the present invention, similar to FIG. 11.
FIG. 29 is a cross-sectional view of the second em-
bodiment of the present invention, similar to FIG. 12.
FIG. 30 is a perspective view of a third embodiment
of the present invention.

FIG. 31 is a perspective view of a body used in the
third embodiment of the present invention.
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FIG. 32is a perspective view of an external link used
in the third embodiment of the present invention.
FIG. 33 is a perspective view of a force transmitter
used in the third embodiment of the present inven-
tion.

FIG. 34 is a perspective view of the force transmitter
of FIG. 33, viewed from a different direction from
FIG. 33.

FIG. 35 is a front view of the force transmitter of FIG.
33.

FIG. 36 is a side view of the force transmitter of FIG.
33.

FIG. 37 is a cross-sectional view taken along line X-
X of FIG. 35.

FIG. 38 is a cross-sectional view of the third embod-
iment of the present invention, similar to FIG. 7.
FIG. 39 is a cross-sectional view of the third embod-
iment of the presentinvention, showing the mounting
member positioned in an intermediate position.
FIG. 40 is a cross-sectional view of the third embod-
iment of the presentinvention, showing the mounting
member positioned between the intermediate posi-
tion and a released position.

FIG. 41 is a cross-sectional view of the third embod-
iment of the presentinvention, showing the mounting
member positioned in the released position.

FIG. 42 is a cross-sectional view of the third embod-
iment of the presentinvention, showing the mounting
member positioned between the released position
and the closed position.

FIG. 43 is a cross-sectional view of the third embod-
iment of the presentinvention, showing the mounting
member rotated further beyond the position shown
in FIG. 40 toward the closed position and positioned
at a predetermined angle before the closed position.

Description of the Preferred Embodiments

[0009] A best mode for carrying out the invention will
be described hereinafter with reference to the drawings.
FIGS. 1 to 19 show a first embodiment of the present
invention. A hinge apparatus 1 of this embodiment in-
cludes a base unit 2, a body 3 and a mounting member
4 as shown in FIGS. 1, 2, 5 and 6.

[0010] As shown in FIG 6, the base unit 2 is fixed to a
front end portion of an inner surface of a right side wall
of a frame B. The frame B has an opening in a front
surface portion thereof. The body 3 is removably at-
tached to the base unit 2. The mounting member 4 is
attached to a right end portion of a rear surface of a door
D. The mounting member 4 is connected to a front end
portion of the body 3 (left end portion in FIG. 6. The end
portion is to be referred to as "front end portion" herein-
after.) via an external link (first link) 71 and an internal
link (second link) 72 to be described later such that the
mounting member 4 is rotatable in a horizontal direction.
The mounting member 4 is rotatable between a closed
position shown in FIG. 6 and an open position shown in
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FIG. 7. Accordingly, the door D is also rotatable between
a closed position and an open position. However, in a
condition where the door D is mounted to the frame B
via the hinge apparatus 1, when the door D is rotated
from the open position toward the closed position and
reaches a position slightly before the closed position (po-
sition about 1 to 2 degrees before the closed position),
the door D is abutted against a front surface of the frame
B, and the door D cannot be rotated further toward the
closed position. Therefore, when the door D is supported
by the frame B, the door D and the mounting member 4
are not rotated up to the respective closed positions
shown in FIG. 6. Directions used in describing features
of the first embodiment and second and third embodi-
ments to be described later refer to a front-rear direction,
a left-right direction and a vertical direction (direction per-
pendicular to the plane of FIG. 6) of the frame B shown
in FIG. 6. Itis to be understood that the present invention
is not limited by specific directions.

[0011] As particularly shownin FIGS. 2 and 3, the base
unit 2 includes a base member 5, a first movable member
6 and a second movable member 7.

[0012] As particularly shown in FIG. 3, the base mem-
ber 5 includes a support part 5a having a generally quad-
rangular cross-section. A longitudinal direction of the
support part 5a is oriented in the front-rear direction (the
left-right direction, diagonally up and right, in FIG. 3). The
support part 5a is solid. Alternatively, the support part 5a
may be hollow having a U-shaped cross section. In this
case, the support part 5ais disposed with an open portion
of the support part 5a oriented toward the right side wall
of the frame B. Fixing plates 5b, 5b projecting upward
and downward are respectively formed in opposite side
surfaces of the support part 5a facing upward and down-
ward (leftward and rightward, diagonally down and right,
inFIG. 3). The base member 5is fixed to the inner surface
of the right side wall of the frame B by tightening a screw
(not shown) screwed into the right side wall of the frame
B passing through the fixing plates 5b.

[0013] The first movable member 6 includes two side
plates 6a, 6a opposed to each other and a top plate 6b
connecting left side portions of the side plates 6a, 6a. As
a result, the first movable member 6 has a generally U-
shaped cross-section. The first movable member 6 has
an open portion in the opposite side from the top plate
6b. The first movable member 6 is disposed with the open
portion thereof oriented toward the right side wall of the
frame B, a longitudinal direction of the side plate 6a ori-
ented in the front-rear direction and a thickness direction
of the side plate 6a oriented in the vertical direction. Ac-
cordingly, the side plates 6a, 6a are opposed to each
other in the vertical direction.

[0014] The support part 5a of the base member 5 is
disposed between the side plates 6a, 6a of the first mov-
able member 6. A distance between inner surfaces of
the side plates 6a, 6a opposed to each other is greater
than a width of the support part 5a in the vertical direction.
Therefore, the first movable member 6 is movable in the
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vertical direction with respect to the base member 5 by
a distance corresponding to a difference between the
distance between the side plates 6a, 6a and the width of
the support part 5a in the vertical direction.

[0015] Guide parts 6¢, 6¢ respectively projecting up-
ward and downward are disposed in a middle portion of
the side plates 6a, 6a of the first movable member 6 in
the vertical direction. The guide parts 6¢, 6¢ are respec-
tively disposed in guide recesses 5c, 5c respectively
formed in the fixing plates 5b, 5b of the base member 5
such that each of the guide parts 6¢, 6¢ is movable in the
vertical direction but immovable in the front-rear direc-
tion. Accordingly, the first movable member 6 is movable
in the vertical direction but immovable in the front-rear
direction with respect to the base member 5. A front end
portion and a rear end portion of the first movable mem-
ber 6 are connected to the support part 5a via securing
shafts 8, 9 such that the front end portion and the rear
end portion of the first movable member 6 are movable
in the vertical direction but immovable in the front-rear
direction and in the left-right direction. Accordingly, the
first movable member 6 is movable with respect to the
base member 5 in the vertical direction only and immov-
able in the front-rear direction and in the left-right direc-
tion. Position of the first movable member 6 with respect
to the base member 5 in the vertical direction is adjusted
by a first position adjustment mechanism 20 to be de-
scribed later.

[0016] As with the first movable member 6, the second
movable member 7 includes a pair of side plates 7a, 7a
opposed to each other in the vertical direction and a top
plate 7b connecting left side portions of the pair of side
plates 7a, 7a to form one member. The second movable
member 7 is disposed in a similar attitude as the first
movable member 6. The side plates 6a, 6a and the top
plate 6b of the first movable member 6 are disposed be-
tween the pair of side plates 7a, 7a of the second movable
member 7. A distance between inner surfaces of the pair
of side plates 7a, 7a is generally the same as a distance
between outer surfaces of the pair of side plates 6a, 6a
of the first movable member 6. By this arrangement, the
second movable member 7 is movable in the front-rear
direction but immovable in the vertical direction with re-
spect to the first movable member 6. Therefore, the sec-
ond movable member 7 is moved together with the first
movable member 6 in the vertical direction with respect
to the base member 5 but the second movable member
7 is moved independently of the base member 5 and the
first movable member 6 in the front-rear direction.
[0017] Anelongated hole 7c extending in the front-rear
direction is firmed in a rear end portion of each of the
side plates 7a, 7a of the second movable member 7.
Upper and lower end portions of a securing shaft 9 re-
spectively passing through the side plates 6a, 6a of the
first movable member 6 are respectively disposed in the
elongated holes 7c, 7c such that the upper and lower end
portions of the securing shaft 9 are respectively rotatable
and movable in a longitudinal direction of the elongated
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holes 7c, 7c. An engagement groove 7d is formed in a
front end portion of the top plate 7b. An adjustment screw
10 having an axis thereof oriented in the left-right direc-
tion is engaged with the engagement groove 7d such that
the adjustment screw 10 is immovable in the left-right
direction and in the vertical direction but is movable in
the front-rear direction. The adjustment screw 10 is ro-
tatable about the axis of the adjustment screw 10 with
respect to the engagement groove 7d. A right end portion
(lower end portion in FIG. 3) of the adjustment screw 10
is threadedly engaged with a screw hole 6d formed in a
front end portion of the top plate 6b of the first movable
member 6. Accordingly, when the adjustment screw 10
is rotated in normal and reverse directions, a front end
portion of the second movable member 7 is rotated about
the securing shaft 9 in the left-right direction, thereby ad-
justing the position of the front end portion of the second
movable member 7 in the left-right direction.

[0018] AsshowninFIG. 6, the first position adjustment
mechanism 20 is disposed between the base member 5
and the first movable member 6. The first position ad-
justment mechanism 20 is provided for adjusting the po-
sition of the first movable member 6 in the vertical direc-
tion with respect to the base member 5. The first position
adjustment mechanism 20 includes a guide plate 21 and
a first adjustment shaft 22.

[0019] As shown in FIG. 3, the guide plate 21 has a
shape of a generally rectangular flat plate. The guide
plate 21 is disposed with a longitudinal direction thereof
oriented in the front-rear direction and with a thickness
direction thereof oriented in the left-right direction. A
width of the guide plate 21, specifically, a width of the
guide plate 21 in the vertical direction is designed to be
slightly wider than a width of a guide hole 6e in the vertical
direction. The guide hole 6e is formed in the top plate 6b
of the first movable member 6 and extends in the front-
rear direction. The guide plate 21 is press-fitted in the
guide hole 6e such that the guide plate 21 is movable in
the front-rear direction but immovable in the vertical di-
rection. Accordingly, the guide plate 21 is moved together
with the first movable member 6 in the vertical direction,
but the guide plate 21 is relatively moved with respect to
the first movable member 6 in the front-rear direction.
Since the guide plate 21 is press-fitted in the guide hole
6e, a relatively great friction resistance is generated be-
tween an upper side surface of the guide plate 21 and
an upper side portion of an inner circumferential surface
of the guide groove 6e and between a lower side surface
of the guide plate 21 and a lower side portion of the inner
circumferential surface of the guide groove 6e. There-
fore, the guide plate 21 is not moved in the front-rear
direction unless a force greater than the friction resist-
ance is applied. Reversely, by applying a force overcom-
ing the friction resistance on the guide plate 21, the guide
plate 21 can be moved in the front-rear direction with
respect to the first movable member 6. Alternatively, the
guide plate 21 may be inserted in the guide hole 6e in a
condition where generally no frictional resistance is gen-
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erated between the guide plate 21 and the guide hole
6e, and accordingly, the guide plate 21 is slidable in the
front-rear direction.

[0020] As show in FIG. 6, the first adjustment shaft 22
includes a first fitting portion 22a having a circular cross-
section. The first fitting portion 22a is disposed with an
axis thereof oriented in the left-right direction (vertical
direction of FIG. 6). An outer diameter of the first fitting
portion 22a is generally the same as an inner diameter
of a first fitting hole 21a formed in a front end portion of
the guide plate 21. The first fitting portion 22a is fitted in
the first fitting hole 21a such that the first fitting portion
22a is rotatable and relatively movable in the left-right
direction. Moreover, the first fitting portion 22a is fitted in
the first fitting hole 21 a such that the first fitting portion
22a is relatively immovable in the vertical direction and
in the front-rear direction. Therefore, when the first fitting
portion 22a is moved in the vertical direction, the guide
plate 21 and the first movable member 6 is moved in the
vertical direction according to the movement of the first
fitting portion 22a. However, when the first fitting portion
22a is moved in the front-rear direction, the guide plate
21 only is moved in the front-rear direction in the guide
hole 6e and the first movable member 6 is not moved in
the front-rear direction. Alternatively, the first fitting por-
tion 22a may be fitted in the first fitting hole 21a such that
the first fitting portion 22a is immovable in the left-right
direction.

[0021] A plurality of projections 21b extending in a cir-
cumferential direction along an inner circumferential sur-
face of the first fitting hole 21 a are formed in a left end
portion of the inner circumferential surface of the first
fitting hole 21a. The projection 21b is inclined such that
an right end of the projection 21b is positioned more in-
ward than a left end of the projection 21b in a radial di-
rection of the first fitting hole 21 a. A number of fine en-
gaging teeth are formed in a distal end portion of the each
of the projections 21b. The engaging teeth are arranged
in a circumferential direction of the projection 21b. Each
of the engaging teeth is displaceable in an axial direction
(left-right direction) of the first fitting hole 21a by an elastic
deformation of the projection 21b.

[0022] A circumferential portion of a left end surface
of the first fitting portion 22a is opposed to the projections
21b. A number of fine engaging grooves are formed in
the circumferential portion of the left end surface of the
first fitting portion 22a. The engaging grooves are ar-
ranged in a circumferential direction of the first fitting por-
tion 22a. The first adjustment shaft 22 is prohibited from
being rotated with a force of a predetermined magnitude
by respective engagement of the engaging teeth of the
projections 21b with the engaging grooves. When the
first adjustment shaft 22 is rotated with a force greater
than the predetermined magnitude, the distal end por-
tions of the projections 21b are elastically deformed so
as to be spaced leftward from the left end surface of the
first fitting portion 22a. As a result, the engaging teeth
are disengaged from the engaging grooves. Thus, the
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first adjustment shaft 22 can be rotated by applying a
force greater than the predetermined magnitude. It is to
be understood that the first adjustment shaft 22, after
being rotated, is prohibited from being rotated and held
at the rotational position with a force of a predetermined
magnitude by the engagement of the engaging teeth with
the engaging grooves.

[0023] A first eccentric shaft 22b is formed in a right
end surface (lower end surface in FIG. 3) of the first fitting
portion 22a facing the base member 5. The first eccentric
shaft 22b has a circular cross-section. An axis of the first
eccentric shaft 22b is parallel to an axis of the first fitting
portion 22a and is spaced from the axis of the first fitting
portion 22a in a radial direction of the first fitting portion
22a. In other words, the first eccentric shaft 22b is de-
centered with respect to the first fitting portion 22a.
[0024] A first adjustment recess 23 is formed in a left
side surface (upper side surface in FIG. 3) of the support
part 5a opposed to the top plate 6b of the first movable
member 6. The first adjustment recess 23 extends in the
front-rear direction. The first eccentric shaft 22b is rotat-
ably disposed in the first adjustment recess 23. Moreo-
ver, the first eccentric shaft 22b is disposed in the first
adjustment recess 23 such that the first eccentric shaft
22b is movable in the front-rear direction but immovable
in the vertical direction. Accordingly, when the first ad-
justment shaft 22 is rotated about the axis of the first
fitting portion 22a in normal and reverse directions, the
first eccentric shaft 22b is moved in the first adjustment
recess 23 in the front-rear direction, while moving the
firstfitting portion 22a in the vertical direction. As aresult,
the first movable member 6 is moved with respect to the
base member 5 in the vertical direction via the guide plate
21. Therefore, a position of the first movable member 6
with respect to the base member 5 in the vertical direction
can be adjusted by rotating the first adjustment shaft 22
in the normal and reverse directions. Since the second
movable member 7 is connected to the first movable
member 6 such that the second movable member 7 is
immovable in the vertical direction, when the position of
the first movable member 6 is adjusted in the vertical
direction, a position of the second movable member 7 is
also adjusted in the vertical direction.

[0025] Afirst head 22cis formed in the left end surface
of the first fitting portion 22a, i.e. in the end surface of the
first fitting portion 22a opposed to the top plate 7b of the
second movable member 7. The first head 22c has a
circular cross-section. The firsthead 22c is disposed with
an axis thereof coinciding with the axis of the first fitting
portion 22a. The firsthead 22c s fitted in afirst connecting
hole 24 formed in the top plate 7b of the second movable
member 7 such that the first head 22c is immovable in
the vertical direction and in the front-rear direction. Ac-
cordingly, when the first adjustment shaft 22 is rotated in
the normal and reverse directions, the second movable
member 7 is moved in the vertical direction together with
the first movable member 6. However, as mentioned
above, the second movable member 7 is not moved to-
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gether with the first movable member 6 in the front-rear
direction. Instead, the second movable member 7 is
moved with respect to the first movable member 6 in the
front-rear direction together with the guide plate 21. The
second movable member 7 is connected to the first mov-
able member 6 such that the second movable member
7 is immovable in the vertical direction, and the second
movable member 7 is moved in the vertical direction to-
gether with the first movable member 6. Therefore, the
first head 22c is not necessarrily fitted in the first connect-
ing hole 24 of the second movable member 7. When the
first head 22c¢ is not fitted in the first connecting hole 24,
provision of the first connecting hole 24 is not required.
[0026] Asis clear from the fact that the first fitting por-
tion 22a of the first adjustment shaft 22 is fitted in the first
fitting hole 21a of the guide plate 21, the first head 22c
is fitted in the first connecting hole 24 of the top plate 7b
of the second movable member 7 and the first eccentric
shaft 22b is disposed in the first adjustment recess 23 of
the base member 5, the first adjustment shaft 22 passes
through the top plate 6b of the first movable member 6
in the left-right direction. A second adjustment shaft 32
of a second position adjustment mechanism 30 to be
described below similarly passes through the top plate
6b of the first movable member 6.

[0027] AsshowninFIG. 6, the second position adjust-
ment mechanism 30 is disposed between the base mem-
ber 5 and the second movable member 7. The second
position adjustment mechanism 30 is provided for ad-
justing a position of the second movable member 7 with
respect to the base member 5 in the front-rear direction.
The second position adjustment mechanism 30 includes
the guide plate 21 and the second adjustment shaft 32.
[0028] A second fitting hole 21cis formed in a rear end
portion of the guide plate 21. The second fitting hole 21¢
is formed through the guide plate 21 in the left-right di-
rection. The second fitting hole 21c has a same shape
and same dimensions as the first fitting hole 21a. A plu-
rality of projections 21d having a same shape and same
dimensions as the projections 21b are formed in an inner
circumferential surface of the second fitting hole 21c. The
second adjustment shaft 32 has a same shape and same
dimensions as the first adjustment shaft 22. Accordingly,
the second adjustment shaft 32 includes a second fitting
portion 32a, a second eccentric shaft 32b and a second
head 32c, respectively corresponding to the first fitting
portion 22a, the first eccentric shaft 22b and the first head
22c of thefirst adjustment shaft22. A number of engaging
grooves are formed in an outer circumferential portion of
a left end surface of the second fitting portion 32a. The
engaging grooves are arranged in a circumferential di-
rection of the second fitting portion 32a.

[0029] The second fitting portion 32a of the second
adjustment shaft 32 is fitted in the second fitting hole 21c
of the guide plate 21 such that the second fitting portion
32a is rotatable and movable in the left-right direction.
Moreover, the second fitting portion 32a is fitted in the
second fitting hole 21¢ such that the second fitting portion
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32ais immovable in the vertical direction and in the front-
rear direction. Therefore, the second fitting portion 32a
is moved together with the guide plate 21 in the vertical
direction and in the front-rear direction. In other words,
when the second fitting portion 32a is moved in the ver-
tical direction and in the front-rear direction, the guide
plate 21 is moved together with the second fitting portion
32ain the vertical direction and in the front-rear direction.
Alternatively, the second fitting portion 32a may be fitted
in the second fitting hole 21¢ such that the second fitting
portion 32a is immovable in the left-right direction.
[0030] A number of engaging teeth are formed in a
distal end portion of the projections 21d. The number of
engaging teeth are respectively engaged with the
number of engaging grooves formed in the second fitting
portion 32a. Therefore, the second adjustment shaft 32
is prohibited from being rotated with respect to the second
fitting hole 21c with a force of a predetermined magni-
tude. In other words, the second adjustment shaft 32 can
be rotated by applying a force greater than the predeter-
mined magnitude as with the first adjustment shaft 22.
[0031] A second adjustmentrecess 33 is formedin the
side surface of the support part 5a in which the first ad-
justment recess 23 is formed. The second adjustment
recess 33 is disposed more to the rear than the first ad-
justment recess 23 and extends in the vertical direction.
The second eccentric shaft 32b of the second adjustment
shaft 32 is disposed in the second adjustment recess 33
such that the second eccentric shaft 32b is rotatable and
movable in the vertical direction. Moreover, the second
eccentric shaft 32b is disposed in the second adjustment
recess 33 such that the second eccentric shaft 32b is
immovable in the front-rear direction. Accordingly, when
the second adjustment shaft 32 is rotated about the axis
of the second fitting portion 32a, the second eccentric
shaft 32b is moved in the second adjustment recess 33
in the vertical direction and moves the second fitting por-
tion 32a in the front-rear direction. As a result, the guide
plate 21 is moved in the guide hole 6e in the front-rear
direction.

[0032] A second connecting hole 34 is formed in the
top plate 7b of the second movable member 7. The sec-
ond connecting hole 34 is located more to the rear than
the first connecting hole 24. The second head 32c is fitted
in the second connecting hole 34 such that the second
head 32c is rotatable and movable in the left-right direc-
tion. Moreover, the second head 32c is fitted in the sec-
ond connecting hole 34 such that the second head 32¢
is immovable in the vertical direction and in the front-rear
direction. Accordingly, when the second fitting portion
32ais moved in the front-rear direction, the second mov-
able member 7 is moved in the front-rear direction to-
gether with the second fitting portion 32a. Therefore, a
position of the second movable member 7 with respect
to the base member 5 and the first movable member 6
can be adjusted in the front-rear direction by rotating the
second adjustment shaft 32 in the normal and reverse
directions.
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[0033] When the second movable member 7 is moved
in the front-rear direction, the guide plate 21 is moved in
the front-rear direction with respect to the first movable
member 6. As a result, the first adjustment shaft 22 is
moved in the front-rear direction with respect to the base
member 5. The first eccentric shaft 22b of the first ad-
justment shaft 22 is fitted in the first adjustment recess
23 of the base member 5 such that the first eccentric
shaft 22b can be moved in the front-rear direction. There-
fore, the movement of the second movable member 7 in
the front-rear direction is not disturbed by the base mem-
ber 5 or the first adjustment shaft 22. Similarly, when the
first movable member 6 is moved in the vertical direction,
the second adjustment shaft 32 is moved in the vertical
direction with respect to the base member 5. However,
since the second eccentric shaft 32b of the second ad-
justment shaft 32 is disposed in the second adjustment
recess 33 of the base member 5 such that the second
eccentric shaft 32b is movable in the vertical direction,
the movement of the first movable member 6 in the ver-
tical direction is not disturbed by the base member 5 or
the second adjustment shaft 32.

[0034] As mentioned above, the positions of the first
and second movable members 6, 7 with respect to the
base member 5 can be adjusted in the vertical direction
by rotating the first adjustment shaft 22 and the position
of the second movable member 7 with respect to the
base member 5 and the first movable member 6 can be
adjusted in the front-rear direction by rotating the second
adjustment shaft 32. On the other hand, after the position
adjustment, the first and the second movable members
6, 7 are fixed in position to the base member 5 with the
force of the predetermined magnitude by the friction re-
sistance generated between the guide plate 21 and the
guide hole 6e, the engagement of the engaging teeth of
the projections 21b of the first fitting hole 21a and the
engaging grooves of the first adjustment shaft 22 and the
engagement of the engaging teeth of the projections 21d
of the second fitting hole 21¢ and the engaging grooves
of the second adjustment shaft 32. When fixing mecha-
nisms are respectively disposed between the base mem-
ber 5 and the first movable member 6 and between the
base member 5 and the second movable member 7, the
fixing mechanisms respectively fixing the first movable
member 6 and the second movable member 7 to the
base member 5, the friction resistance between the guide
plate 21 and the guide hole 6e and the engagements of
the engaging teeth and the engaging grooves are not
required.

[0035] The body 3 includes a pair of side plates 3a, 3
a disposed so as to be opposed to each other and a top
plate 3b connecting left side portions of the pair of side
plates 3a, 3a. Accordingly, the body 3 has a generally U-
shaped cross-section formed by the side plates 3a, 3a
and the top plate 3b. The body 3 is disposed with a lon-
gitudinal direction of the body 3 oriented in the front-rear
direction, a direction in which the side plates 3a, 3a are
opposed oriented in the vertical direction and an open
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portion of the body 3 oriented to the right (toward the
second movable member 7). The second movable mem-
ber 7 is removably inserted between the side plates 3a,
3a. A distance between inner surfaces of the side plates
3a, 3a opposed to each other is generally the same as
a distance between outer surfaces of the side plates 7a,
7a of the second movable member 7. Therefore, when
the second movable member 7 is inserted between the
side plates 3a, 3a, the body 3 is connected to the second
movable member 7 such that the body 3 is immovable
in the vertical direction.

[0036] A front end portion of the body 3 is removably
attached to a front end portion of the second movable
member 7 via a first engagement mechanism 40. A rear
end portion of the body 3 is removably attached to a rear
end portion of the second movable member 7 via a sec-
ond engagement mechanism 50.

[0037] The first engagement mechanism 40 will be de-
scribed first. As shown in FIGS. 2, 3 and 6, first engage-
ment recesses 41 that are open in front are respectively
formed in front end surfaces of the side plates 7a, 7a of
the second movable member 7. As shown in FIGS. 4 and
6, opposite end portions of a first engagement shaft 42
are respectively attached to front end portions of the side
plates 3a, 3a of the body 3, atlocations on the base mem-
ber 5 side. The first engagement shaft 42 has a longitu-
dinal direction thereof oriented in the vertical direction.
The first engagement shaft 42 can be inserted in the first
engagement groove 41 from the open portion of the first
engagement groove 41 up to a bottom portion of the first
engagement recess 41 by moving the body 3 rearward,
with the first engagement shaft 42 opposed to the open
portion of the first engagement recess 41. When the first
engagement shaft 42 is inserted up to the bottom portion
of the first engagement recess 41, the front end portion
of the body 3 is caught by the front end portion of the
second movable member 7 such that the body 3 is im-
movable in the left-right direction and immovable rear-
ward. The front end portion of the body 3 is removably
attached to the front end portion of the second movable
member 7 in this manner.

[0038] The first engagement shaft 42 can be inserted
into the first engagement recess 41 by being made to
slide on an inclined surface 43 formed in the front end
portion of the second movable member 7. Specifically,
as shown in FIGS. 2 and 3, the inclined surface 43 is
formed in a front end portion of the side plate 7a of the
second movable member 7. The inclined surface 43 ex-
tends from an end portion of the side plate 7a near the
top plate 7b to the first engagement recess 41. The in-
clined surface 43 is inclined such that the front end of the
inclined surface 43 is closer to the first engagement re-
cess 41 than the rear end of the inclined surface 43 in a
direction from the top plate 7b to the first engagement
recess 41. Therefore, when the body 3 is moved forward
with the first engagement shaft 42 pressed against an
end portion of the inclined surface 43 on the top plate 7b
side, the first engagement shaft 42 is made to slide on
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the inclined surface 43 forward. After the first engage-
ment shaft 42 is moved past the inclined surface 43, the
first engagement shaft 42 reaches the open portion of
the first engagement recess 41. After that, by moving the
body 3 rearward, the first engagement shaft 42 can be
inserted in the first engagement recess 41.

[0039] The second engagement mechanism 50 will be
described hereinafter. As shown in FIGS. 2, 3 and 6, a
second engagement shaft 51 is disposed in the rear end
portion of the side plates 7a, 7a of the second movable
member 7. The second engagement shaft 51 is fixed in
position with a longitudinal direction thereof oriented in
the vertical direction. A support shaft 52 is disposed in
the side plates 3 a, 3a of the body 3. The support shaft
52 is fixed in position with a longitudinal direction thereof
oriented in the vertical direction. An action member 53 is
rotatably supported by the support shaft 52. The action
member 53 is rotatable between an engaged position
shown in FIG. 6 and a released position spaced from the
engaged position by a predetermined angle in a counter-
clockwise direction of FIG. 3. The action member 53 is
biased from the released position toward the engaged
position by a biasing force of a torsion coil spring 54 dis-
posed in the support shaft 52.

[0040] As shown in FIGS. 4 and 6, a second engage-
mentrecess 53ais formed in a surface of the action mem-
ber 53 facing toward the front. The second engagement
recess 53a is open toward the front. When the action
member 53 is rotated from the released position up to
the engaged position, the second engagement shaft 51
relatively enters the second engagement recess 53a
from the open portion of the second engagement recess
53a until the second engagement shaft 51 is abutted
against a bottom portion of the second engagement re-
cess 53a. The position of the action member 53 when
the second engagement shaft 51 is abutted against the
bottom portion of the second engagement recess 53a is
the engaged position. When the action member 53 is
positioned in the engaged position, the movement of the
body 3 in the left-right direction is prohibited by the en-
gagement of the second engagement shaft 51 with the
second engagement recess 53a, and the movement of
the body 3 rearward is prohibited by the biasing force of
the torsion coil spring 54. The rear end portion of the
body 3 is removably attached to the rear end portion of
the second movable member 7 in this manner. When the
action member 53 is rotated from the engaged position
to the released position against the biasing force of the
torsion coil spring 54, the second engagement shaft 51
comes out of the second engagement recess 53a, there-
by enabling the rear end portion of the body 3 to be dis-
engaged from the rear end portion of the second movable
member 7.

[0041] An inclined surface 53b is formed in the action
member 53. The inclined surface 53b is formed contin-
uously from the second engagement recess 53a to the
right of the second engagement recess 53a (below the
second engagement recess 53a in FIG. 6). The inclined
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surface 53b is inclined such that a rear end of the inclined
surface 53b is positioned more rightward than a rear end
of the inclined surface 53b. Moreover, as shown in FIG.
6, the inclined surface 53b is disposed such that when
the body 3 is rotated about the first engagement shaft 42
engaged with the first engagement recess 41 in a clock-
wise direction to bring the rear end portion of the body 3
closer to the second engagement shaft 51, the inclined
surface 53b is abutted against the second engagement
shaft 51. In a condition where the inclined surface 53b is
abutted against the second engagement shaft 51, when
the body 3 is rotated further in the clockwise direction,
the action member 53 is rotated from the engaged posi-
tion toward the released position against the biasing force
of the torsion coil spring 54 by the second engagement
shaft 51 and the inclined surface 53b. When the action
member 53 is rotated, the second engagement shaft 51
is relatively moved forward on the inclined surface 53b
according to the rotation of the action member 53. When
the second engagement shaft 51 is moved over the in-
clined surface 53b (the released position of the action
member 53 is slightly spaced from the position of the
action member 53 at this time in the counter-clockwise
direction), the action member 53 is rotated up to the en-
gaged portion by the torsion coil spring 54. As a result,
the second engagement shaft 51 is inserted into the sec-
ond engagement recess 53a from the open portion of the
second engagement recess 53a until the second en-
gagement shaft 51 is abutted against the bottom portion
of the second engagement recess 53a.

[0042] The body 3 can be attached to the second mov-
able member 7 in one of the following three methods. In
a first method of attachment, the first engagement shaft
42 is inserted in the first engagement recess 41 first. In
this condition, the body 3 is rotated about the first en-
gagement shaft 42 in the clockwise direction to bring the
rear end portion of the body 3 closer to the rear end por-
tion of the second movable member 7. Then, as men-
tioned above, the inclined surface 53b is abutted against
the second engagement shaft 51. After that, when the
body 3 is rotated further in the clockwise direction, the
action member 53 is rotated in a direction from the en-
gaged position toward the released position (counter-
clockwise direction of FIG. 6) against the biasing force
of the torsion coil spring 54. When the second engage-
ment shaft 51 is moved over the inclined surface 53b,
the action member 53 is rotated toward the engaged po-
sition by the torsion coil spring 54, and the second en-
gagement shaft 51 enters the second engagement re-
cess 53a and the second engagement shaft 51 is en-
gaged with the second engagement recess 53a. In this
condition, the body 3 is prohibited from being moved in
the left-right direction by the engagement of the first en-
gagement shaft 42 and the first engagement recess 41
and the engagement of the second engagement shaft 51
and the second engagement recess 53a. Moreover, the
body 3 is prohibited from being moved in the front-rear
direction by the first engagement shaft 42 being pressed
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against the bottom surface of the firstengagementrecess
41 and the second engagement shaft 51 being pressed
against the bottom surface of the second engagement
recess 53a by the biasing force of the torsion coil spring
54. The body 3 is prohibited from being moved in the
vertical direction by the side plates 7a, 7a of the second
movable member 7. The body 3 is removably attached
to the second movable member 7. The body 3 is immov-
able when the body 3 is attached to the second movable
member 7.

[0043] In a second method of attachment, in reverse
to the first method, the second engagement shaft 51 is
preliminarily engaged with the second engagement re-
cess 53a. In this condition, the body 3 is rotated about
the second engagement shaft 51 to bring the front end
portion of the body 3 closer to the front end portion of the
second movable member 7. Then, the first engagement
shaft 42 is abutted against the inclined surface 43. When
the front end portion of the body 3 is brought further closer
to the front end portion of the second movable member
7, the first engagement shaft 42 slides forward on the
inclined surface 43. At this time, the body 3 is moved
forward accompanying the movement of the first engage-
ment shaft 42 forward. As a result, the action member
53 is pushed rearward by the second engagement shaft
51 by a distance corresponding to the movement of the
body 3, and the action member 53 is rotated from the
engaged position side toward the released position. After
that, when the first engagement shaft 42 is moved over
the inclined surface 43, it becomes possible for the first
engagement shaft 42 to enter the first engagement re-
cess 41. Then, the action member 53 is rotated up to the
engaged position by the torsion coil spring 54, and the
body 3 is moved rearward according to the rotation of
the action member 53. The first engagement shaft 42 is
inserted in the first engagement recess 41 until the first
engagement shaft 42 is abutted against the bottom por-
tion of the first engagement recess 41 by the movement
ofthe body 3 rearward. The body 3 is removably attached
to the second movable member 7 in this manner.
[0044] In a third method of attachment, the first en-
gagement shaft 42 and the second engagement shaft 51
are respectively made to contact the inclined surfaces
43, 53b atthe same time. In this condition, when the body
3 is moved closer to the second movable member 7, the
first engagement shaft 42 is moved forward on the in-
clined surface 43 and the second engagement shaft 51
is moved rearward on the inclined surface 53b. At this
time, the action member 53 is rotated from the engaged
position toward the released position by the second en-
gagement shaft 51 accompanying the movement of the
body 3 closer to the second movable member 7. When
the first engagement shaft 42 and the second engage-
ment shaft 51 are respectively moved over the inclined
surfaces 43, 53b, the action member 53 is rotated from
the released position toward the engaged position by the
torsion coil spring 54, and the second engagement shaft
51 enters the second engagementrecess 53a. When the
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second engagement shaft 51 is abutted against the bot-
tom portion of the second engagement recess 53a, the
body 3 is moved rearward by the torsion coil spring 54,
and the first engagement shaft 42 is inserted into the first
engagement recess 41. The body 3 is removably at-
tached to the second movable member 7 in this manner.
[0045] As shown in FIG. 4, first, second and third
through holes 3d, 3e, 3f are formed in the top plate 3b of
the body 3. The first, second and third through holes 3d,
3e, 3f are provided so that tools such as a screw driver
for adjusting by rotating the adjustment screw 10, the first
adjustment shaft 22 and the second adjustment shaft 32
can be respectively inserted through the first, second and
third through holes 3d, 3e, 3f. The first, second and third
through holes 3d, 3e, 3f are arranged such that the first,
second and third through holes 3d, 3e, 3f are respectively
opposed to the adjustment screw 10, the first adjustment
shaft 22 and the second adjustment shaft 32 in the re-
spective axial directions of the adjustment screw 10, the
firstadjustment shaft 22 and the second adjustment shaft
32.

[0046] A third engagement mechanism 60 is provided
between the rear end portion of the body 3 and the rear
end portion of the second movable member 7. The third
engagement mechanism 60 prevents the body 3 from
coming away from the second movable member 7. Spe-
cifically, as mentioned above, the body 3 is prohibited
from being moved forward with respect to the second
movable member 7 by the biasing force of the torsion
coil spring 54. Therefore, if the body 3 is pushed forward
with a force greater than the biasing force of the torsion
coil spring 54, the body 3 is moved forward, and the first
engagement shaft 42 comes out of the first engagement
recess 41. As a result, the body 3 may come away from
the second movable member 7 in the right direction. The
third engagement mechanism 60 is provided to surely
prevent such an event.

[0047] The third engagement mechanism 60 includes
a lock member 61. The lock member 61 is rotatably at-
tachedto the rear end portion of the body 3 via the support
shaft 52. The lock member 61 is rotatable between a
locked position shown in FIG. 6 and an unlocked position
spaced from the locked position by a predetermined an-
gle in the counter-clockwise direction of FIG. 6. The lock
member 61 is rotationally biased by the torsion coil spring
54 in a direction from the unlocked position toward the
locked position. The lock member 61 may be rotationally
biased in the direction from the unlocked position toward
the locked position by another coil spring instead of the
torsion coil spring 54. The lock member 61 may be ro-
tatably attached to the rear end portion of the body 3 via
another shaft instead of the support shaft 52.

[0048] Projections 61 a, 61a projecting toward the sec-
ond movable member 7 are respectively formed in upper
and lower end portions of a distal end portion of the lock
member 61. Lock grooves 62, 62 are formed in a left side
portion (upper side portion in FIG. 3) of the rear end por-
tion of the side plates 7a, 7a of the second movable mem-



21 EP 2 466 045 A2 22

ber 7. The lock groove 62 is dimensioned such that the
projection 61a can be projected and retracted in the left-
right direction. A dimension of the lock groove 62 in the
front-rear direction is generally the same as a dimension
of the projection 61ain the front-rear direction. Moreover,
the lock groove 62 is disposed such that the projection
61a can be projected and retracted from the lock groove
62 only when the body 3 is attached to the second mov-
able member 7 in a normal position. In other words, the
projection 61a is disposed such that the projection 61a
cannot enter the lock groove 62 until after the body 3 is
attached to the second movable member 7 regardless
of which of the three methods described above is used
to attach the body 3 to the second movable member 7.

[0049] Whenthebody 3is attached to the second mov-
able member 7 by one of the first to the third methods
described above, at an initial stage of attaching, the pro-
jection 61 a is abutted against the side plate 7a of the
second movable member 7. Accordingly, when the body
3 is moved closer to the second movable member 7, the
lock member 61 is rotated from the locked position toward
the unlocked position according to the movement of the
body 3. After that, when the body 3 is attached to the
second movable member 7, thatis when the first engage-
ment shaft 42 of the first engagement mechanism 40 is
inserted into the first engagement recess 41 until the first
engagement shaft 42 is abutted against the bottom por-
tion of the first engagement recess 41 and the second
engagement shaft 51 of the second engagement mech-
anism 50 is inserted into the second engagement recess
53a until the second engagement shaft 51 is abutted
against the bottom portion of the second engagement
recess 53a, the lock member 61 is rotated from the un-
locked position up to the locked position by the torsion
coil spring 54, and the projection 61a enters the lock
groove 62. Then, since the dimensions of the projection
61 a and the lock groove 62 in the front-rear direction are
the same, the body 3 is caught such that the body 3 is
immovable with respect to the second movable member
7 in the front-rear direction. Therefore, the body 3 can be
surely prevented from being moved forward and coming
away from the second movable member 7.

[0050] Regardless of which of the first to the third meth-
ods is used to attach the body 3 to the second movable
member 7, the body 3 can be removed from the second
movable member 7 by rotating the action member 53
from the engaged position to the released position. When
the action member 53 is rotated to the released position,
the second engagement shaft 51 comes out of the sec-
ond engagement recess 53a. Then, the rear end portion
of the body 3 is moved leftward to be spaced from the
second movable member 7 until the action member 53
is spaced leftward from the second engagement shaft 51
and the projection 61a comes out of the lock groove 62.
In other words, the body 3 is rotated about the first en-
gagement shaft 42 in the counter-clockwise direction of
FIG. 6. Then, the body 3 is moved forward, thereby al-
lowing the first engagement shaft 42 to come out of the
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first engagement recess 41. After that, the body 3 can
be removed from the second movable member 7 by mov-
ing the body 3 leftward.

[0051] One end portion of the external link (first link)
71 is rotatably connected to the front end portion of the
body 3 via a first support shaft 73. The first support shaft
73 is disposed with an axis thereof oriented in the vertical
direction. Opposite end portions of the first support shaft
73 are respectively supported by the front end portions
of the side plates 3a, 3a of the body 3 at locations near
the base unit 2. Since the axis of the first support shaft
73 is oriented in the vertical direction, the external link
71 is rotated in a horizontal plane. One end portion of the
internal link (second link) 72 is rotatably connected to the
front end portion of the body 3 via a second support shaft
74. The second support shaft 74 is disposed parallel to
the first support shaft 73 and more to the front and left
than the first support shaft 73. The second support shaft
74 may be disposed at a same location as or more to the
rear than the first support shaft 73 in the front-rear direc-
tion.

[0052] As showninFIGS. 4 and 6, the mounting mem-
ber 4 is provided with a connecting shaft member 75.
The connecting shaft member 75 includes two shafts
75a, 75a extending parallel to the first support shaft 73
and the second support shaft 74. The other end portion
of the external link 71 is rotatably supported by one of
the shafts (third support shaft) 75a. The other end portion
of the internal link 72 is rotatably supported by the other
of the shafts (fourth support shaft) 75b. As a result, the
mounting member 4 is rotatably connected to the front
end portion of the body 3 via the internal link 72 and the
external link 71, and consequently, the door D is rotatably
supported by the frame B via the hinge apparatus 1. Al-
ternatively, the shafts 75a, 75b may be formed as sepa-
rate shafts.

[0053] The mounting member 4 is rotatable between
the closed position shown in FIG. 6 and the open position
shown in FIG. 7. As shown in FIG. 6, the closed position
of the mounting member 4 is defined by the abutment of
the external link 71 against the mounting member 4. A
pair of recesses 75c, 75¢ are formed in the shaft 75a.
The recesses 75c¢, 75c¢ are arranged such that portions
of the internal link 72 can respectively enter the recesses
75c, 75¢c when the mounting member 4 is positioned in
the closed position. By this arrangement, the mounting
member 4 can be surely rotated up to the closed position.
As shown in FIG. 7, the open position of the mounting
member 4 is defined by the abutment of the internal link
72 against the mounting member 4. Alternatively, the
closed position and the open position of the mounting
member 4 may be defined by other well-known features.
[0054] InFIG.86,the door D is depicted slightly inclined
such that a free end of the door D is closer to the frame
B than a supported side (side supported by the hinge
apparatus 1) of the door D when the mounting member
4 is positioned in the closed position. However, in reality,
the door D is never rotated up to the position shown in
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FIG. 6. The door D is rotated only up to a position in which
the door D is parallel to the front surface of the frame B
due to the abutment of the free end of the door D against
the front surface of the frame B. Therefore, in actual use
ofthe hinge apparatus 1, the mounting member 4 is never
rotated up to the closed position. Instead, the mounting
member 4 is stopped at a position a slight angle (1 to 2
degrees, for example) to the open position form the
closed position.

[0055] Since the mounting member 4 is rotatably sup-
ported by the body 3 via the two links 71, 72, when an
instantaneous rotation center of the mounting member 4
is expressed as C, as shown in FIG. 8, the instantaneous
rotation center C can be obtained as an intersection of a
straightline perpendicular to axes of the first support shaft
73 and the shaft 75a and a straight line perpendicular to
axes of the second support shaft 74 and the shaft 75b.
The instantaneous rotation center C is located in front of
the shaft 75a in a direction from the support shaft 73 to
the shaft 75a and in front of the shaft 75b in a direction
from the support shaft 74 to the shaft 75b regardless of
the position of the mounting member 4 between the
closed position and the open position. In other words,
the first support shaft 73, the second support shaft 74
and the shafts 75a, 75b are arranged such that the in-
stantaneous rotation center C is positioned as mentioned
above regardless of the position of the mounting member
4 between the closed position and the open position.
[0056] A rotational biasing mechanism (rotational bi-
asing means) 80 is provided between the front end por-
tion of the body 3 and the mounting member 4. The ro-
tational biasing mechanism 80 is provided for rotating
the mounting member 4 up to the closed position when
the mounting member 4 is positioned between a prede-
termined released position (position shown in FIG. 10)
and the closed position, the released position being be-
tween the open position and the closed position, and for
maintaining the mounting member 4 at the closed posi-
tion. The rotational biasing mechanism 80 includes a
force transmitter 81, a torsion coil spring (biasing means)
82 and a receiver 83.

[0057] As shown in FIG. 4 and FIGS. 15 to 19, a
through hole 81 a is formed in a basal end portion of the
force transmitter 81 (end portion of the force transmitter
81 near the right side wall portion of the frame B in FIG.
6). The through hole 81a is disposed with an axis thereof
oriented in the vertical direction. The through hole 81ais
formed as an elongated hole inclined such that a left end
of the through hole 81a is higher than a right end of the
through hole 81ain FIG. 6. The second support shaft 74
is disposed in the through hole 81a such that the second
support shaft 74 is rotatable and relatively movable in a
longitudinal direction of the through hole 81 a. Accord-
ingly, the force transmitter 81 is rotatable about the sec-
ond support shaft 74 and is movable in the longitudinal
direction of the through hole 81 a within a length of the
through hole 81a. The through hole 81a may be formed
to have a circular cross-section instead of being formed
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as the elongated hole. In this case, the force transmitter
81 is rotatable with respect to the second support shaft
74 but is immovable in a radial direction of the second
support shaft 74. Alternatively, instead of being disposed
around the second support shaft 74, the force transmitter
81 may be disposed around a shaft provided in the body
3 in parallel to the second support shaft 74 such that the
force transmitter 81 is rotatable and movable in the lon-
gitudinal direction of the through hole 81 a or, alterna-
tively, rotatably but immovably disposed around the
shaft.

[0058] A guide hole 3g (notch) passes through the top
plate 3b in the left-right direction and extends along a
longitudinal direction of the top plate 3b. The guide hole
3g is formed in a front end portion of the top plate 3b of
the body 3. A distal end portion of the force transmitter
81 is disposed through the guide hole 3g such that the
distal end portion of the force transmitter 81 is movable
in a longitudinal direction of the guide hole 3g. By this
arrangement, the front end portion of the force transmitter
81 is prohibited from interfering with (being abutted
against) the top plate 3b when the force transmitter 81
is rotated about the first support shaft 73. The guide hole
3g may be formed so as to be open to the front from a
front end surface of the top plate 3b.

[0059] A pressing portion (the other end portion of the
force transmitter 81 projecting out of the body 3; one por-
tion) 81b is formed in the front end portion of the force
transmitter 81. An outer surface of the pressing portion
81b is a convex curved surface, and particularly in this
embodiment, is a convex circular arc surface. The circu-
lar arc surface is disposed with a center line thereof ori-
ented in the vertical direction. That is, the circular arc
surface extends in the vertical direction. As shown in
FIGS. 6 to 13, the circular arc surface constituting the
pressing portion 81b projects out of the body 3 through
the guide hole 3g regardless of the position of the mount-
ing member 4 between the open position and the closed
position. An amount of projection of the circular arc sur-
face increases as the mounting member 4 is rotated from
the open position side toward the closed position.
[0060] A clearance recess 81c is formed in a portion
of the distal end portion of the force transmitter 81 facing
rearward (portion facing rightward in FIG. 18). The clear-
ance recess 81c is composed of a circular arc surface
that is concave toward the front. An end portion of the
circular arc surface of the clearance recess 81c is dis-
posed in contact with an end portion of the circular arc
surface constituting the pressing portion 81b that is lo-
cated on the right side in FIG. 18.

[0061] The torsion coil spring 82 is disposed around
the second support shaft 74. One end portion 82a of the
torsion coil spring 82 is abutted against the first engage-
ment shaft 42. The other end portion 82b of the torsion
coil spring 82 is abutted against the force transmitter 81.
As a result, the torsion coil spring 82 constantly urges
the force transmitter 81 such that the force transmitter
81 isrotatedinthe clockwise direction of FIG. 6. However,
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when the mounting member 4 is positioned between the
open position and the released position, the force trans-
mitter 81 is prohibited from being rotated in the clockwise
direction by a clutch mechanism 90 to be described later
and maintained at a stopped position shown in FIG. 10.
The torsion coil spring 82 urges the force transmitter 81
upward in FIG. 6. By this biasing force, a right lower end
portion of the through hole 81 a is normally abutted
against the second support shaft 74. Alternatively, the
torsion coil spring 82 may be disposed around another
shaft instead of the first support shaft 73. For example,
when the force transmitter 81 is disposed around a shaft
other than the second support shaft 74 as mentioned
above, the torsion coil spring 82 may be disposed around
the shaft.

[0062] The receiver 83 is attached to the mounting
member4. AsshowninFIG. 6, the receiver 83 is disposed
in an end portion of the mounting member 4, the end
portion being located far from the instantaneous rotation
center C when the mounting member 4 is positioned in
the closed position. More specifically, the end portion of
the mounting member 4 is located far from the instanta-
neous rotation center C in a direction perpendicular to
the axes of the first support shaft 73 and the second sup-
port shaft 74. A recess 83a is formed in the receiver 83.
An action portion 83b is formed in an inner side surface
defining the recess 83 a and an outer surface of the re-
ceiver 83 continuous from the inner side surface of the
recess 83a. A portion of the inner side surface of the
recess 83 a is located in the rear side in FIG. 6 when the
mounting member 4 is positioned in the closed position.
The portion located in the rear side is a flat surface 83c
facing toward the front. A circular arc surface 83d that is
outwardly convex is formed at an intersection of the flat
surface 83c and an outer surface (surface facing toward
the bottom in FIG. 6) of the receiver 83 adjacent to an
open portion of the recess 83a. The action portion 83b
is composed of the flat surface 83c and the circular arc
surface 83d. The action portion 83b is not necessarily
composed of the flat surface 83c and the circular arc
surface 83d, but may be composed of other curved sur-
faces.

[0063] A clutch mechanism (rotation prohibition mech-
anism) 90 is provided between the external link 71 and
the force transmitter 81. The clutch mechanism 90 is pro-
vided for prohibiting the force transmitter 81 from being
rotated in the clockwise direction of FIGS. 7 and 8 by the
torsion coil spring 82 when the mounting member 4 is
positioned between the open position and the predeter-
mined released position and thereby maintaining the
force transmitter 81 at the stopped position. The clutch
mechanism 90 is constructed as follows.

[0064] AsshowninFIGS.7, 8 and 14, the external link
71 includes a pair of side plates 71 a, 71 a arranged to
be opposed to each other in the vertical direction and a
top plate 71b integrally formed in one side portions (left
side portion in FIG. 14C) of the pair of side plates 71a,
71a and connecting the pair of side plates 71a, 71a. One
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end portions (right end portions in FIG. 14A) of the side
plates 71 a, 71 a are rotatably connected to the body 3
by the first support shaft 73 and the other end portions
of the side plates 71a, 71a are rotatably connected to the
mounting member 4 by the shaft 75a.

[0065] First projections 91, 91 projecting toward each
other (in the vertical direction) are respectively formed in
inner surfaces of the side plates 71 a, 71 a opposed to
each other. The first projections 91, 91 are end portions
of the inner surfaces of the side plates 71a, 71a opposed
to each other nearer to the first support shaft 73. The first
projections 91, 91 are disposed more to the rear than the
first support shaft 73. A first engagement surface (first
engagement portion) 92 is formed in a surface of the first
projection 91 facing toward the front. The first engage-
ment surface 92 is composed of a circular arc surface
(first circular arc surface) that is concave around the axis
of the first support shaft 73.

[0066] A pair of second projections 93, 93 projecting
inthe vertical direction are formed in the distal end portion
of the force transmitter 81. The second projections 93,
93 are disposed slightly nearer to a basal end of the force
transmitter 81 than the pressing portion 81b. A second
engagement surface (second engagement portion) 94 is
formed in a surface of the second projection 93 facing
toward the rear. The second engagement surface 94 is
composed of a convex circular arc surface (second cir-
cular arc surface) having a same radius of curvature as
the circular arc surface constituting the first engagement
surface 92. When the mounting member 4 is positioned
between the open position and the released position, the
force transmitter 81 is biased by the torsion coil spring
82 in the clockwise direction of FIG. 7, thereby bringing
the second engagement surface 94 into abutment
against the first engagement surface 92. As a result, the
force transmitter 81 is prohibited from being rotated in
the clockwise direction by the external link 71. The posi-
tion of the force transmitter 81 at this time is the stopped
position.

[0067] The second engagement surface 94 is dis-
posed such that when the force transmitter 81 is posi-
tioned in the stopped position, a center line of the circular
arc surface constituting the second engagement surface
94 coincides with the axis of the first support shaft 73
(center line of the first engagement surface 92). Accord-
ingly, the biasing force of the torsion coil spring 82 trans-
mitted to the external link 71 via the force transmitter 81
is received by the first support shaft 73. Therefore, the
external link 71 is not rotated by the torsion coil spring
82, and the force transmitter 81 is maintained at the
stopped position.

[0068] The force transmitter 81 is maintained at the
stopped position by the clutch mechanism 90 only when
the mounting member 4 is positioned between the open
position and the released position. When the mounting
member 4 is rotated beyond the released position toward
the closed position, the force transmitter 81 is rotated in
the clockwise direction by the biasing force of the torsion
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coil spring 82. This causes the mounting member 4 to be
rotated from the released position to the closed position.
[0069] As showninFIGS. 7 and 8, when the mounting
member 4 is positioned closer to the open position than
the released position, the action portion 83b is spaced
from the pressing portion 81b.

[0070] However, when the mounting member 4 is ro-
tated from the open position toward the closed position
and the mounting member 4 reaches a position a slight
angle (5 degrees, for example) before the released po-
sition, as shown in FIG. 9, the circular arc surface 83d of
the action portion 83b is abutted against the pressing
portion 81b. In this case, when a point of the pressing
portion 81b most spaced from the instantaneous rotation
center C (referred to as first apex hereinafter) is ex-
pressed as P, the circular arc surface 83d of the action
portion 83b is abutted against the pressing portion 81b
at a point slightly spaced from the first apex P to the front
(totheleftin FIG. 9). Therefore, when the mounting mem-
ber 4 is rotated further toward the closed position, the
circular arc surface 83 d presses the pressing portion
81brightward (downward in FIG. 9). As a result, the force
transmitter 81 is moved rightward (downward in FIG. 9)
along the longitudinal direction of the through hole 81a,
and the second engagement surface 94 is moved right-
ward with respect to the first engagement surface 92 ac-
companying the movement of the force transmitter 81.
At this time, while the first engagement surface 92 and
the second engagement surface 94 are circular arc sur-
faces, the second engagement surface 94 is moved lin-
early. However, when the mounting member 4 is posi-
tioned near the released position, a length of contact of
the first engagement surface 92 and the second engage-
ment surface 94 is short. Moreover, a direction of move-
ment of the second engagement surface 94 is a direction
near a tangential direction of a contact portion in which
the first engagement surfaces 92 and second engage-
ment surface 94 contact each other, i.e. a direction form-
ing a small angle with the tangent line of the contact por-
tion. Therefore, the second engagement surface 94 can
be smoothly moved with respect to the first engagement
surface 92.

[0071] When the mounting member 4 reaches the re-
leased position, the circular arc surface 83d of the action
portion 83b is brought to contact with the pressing portion
81b at the first apex P. At this time, the first engagement
surface 92 is rotated with respect to the second engage-
ment surface 94 about the first support shaft 73 in the
counter-clockwise direction (generally upward in FIG. 9)
and the second engagement surface 94 is moved with
respect to the first engagement surface 92 rightward
(generally downward in FIG. 9). This causes the first en-
gagement surface 92 and the second engagement sur-
face 94 to be spaced from each other in circumferential
directions or tangential directions thereof or directions
near from the tangential directions. In other words, a po-
sition of the mounting member 4 when the first engage-
ment surface 92 and the second engagement surface 94
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are spaced from each other is the released position.
When the first engagement surface 92 and the second
engagement surface 94 are spaced from each other, the
force transmitter 81 is released from the prohibition of
rotation by the clutch mechanism 90, and the force trans-
mitter 81 becomes rotatable in the clockwise direction of
FIG. 10. The force transmitter 81 is rotated about the
second support shaft 74 in the clockwise direction of FIG.
10 by the torsion coil spring 82.

[0072] Here, a point of the circular arc surface consti-
tuting the pressing portion 81b most spaced from the axis
of the second support shaft 74 (referred to as a second
apex hereinafter) is expressed as Q. When the mounting
member 4 is in the released position, the second apex
Q is positioned more to the front than the first apex P
(leftward in FIG. 10). Therefore, when the force transmit-
ter 81 is rotated about the first support shaft 73 in the
clockwise direction of FIG. 10, the pressing portion 81b
is abutted against the circular arc surface 83d of the ac-
tion portion 83b and the pressing portion 81b presses
the receiver 83 rearward (rightward in FIG. 10). This ro-
tates the mounting member 4 from the released position
toward the closed position.

[0073] When the mounting member 4 is rotated from
the released position toward the closed position, the force
transmitter 81 pressed to be moved rightward by the ac-
tion portion 83b is moved leftward by the torsion coll
spring 82. When the mounting member 4 is rotated by a
predetermined slight angle (5 degrees, for example) from
the released position, the force transmitter 81 is moved
leftward until a lower right end portion of the through hole
81a in FIG. 10 is abutted against the first support shaft
73. Accordingly, the force transmitter 81 is not moved in
the longitudinal direction of the through hole 81 a there-
after, but is only rotated in the clockwise direction.
[0074] When the mounting member 4 reaches the
closed position by the rotation of the force transmitter 81,
the mounting member 4 is stopped by the abutment of
the external link 71 against the mounting member 4. The
force transmitter 81 is stopped accompanying the stop-
ping of the mounting member 4. The mounting member
4 and the force transmitter 81 are maintained at their
respective stopped position by the biasing force of the
torsion coil spring 82.

[0075] When the mounting member 4 is rotated from
the released position to the closed position, as shown in
FIG. 11 to 13 and FIG. 6, a point at which the pressing
portion 81b contacts the action portion 83b is moved from
the circular arc surface 83d to the flat surface 83c. As a
result, a rotational biasing force (rotational moment) of
the torsion coil spring 82 acting on the mounting member
4 is increased.

[0076] Specifically, assuming that the rotational bias-
ing force of the torsion coil spring 82 acting on the force
transmitter 81 is constant regardless of the position of
the mounting member 4, the rotational biasing force of
the torsion coil spring 82 acting on the mounting member
4 is determined by a distance between the instantaneous
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rotation center C and the point at which the pressing por-
tion 81b contacts the action portion 83b and by an angle
of pressing which is determined by a normal line at the
point at which the pressing portion 81b contacts the ac-
tion portion 83b (line of action of a force in a direction in
which the pressing portion 81b presses the action portion
83d at the point of contact) and a line connecting the
point of contact and the instantaneous rotation center C.
As is clear from FIGS. 10 to 13, the distance between
the instantaneous rotation center C and the point at which
the pressing portion 81b contacts the action portion 83b
is increased as the mounting member 4 is rotated from
the released position toward the closed position. Simi-
larly, the angle of pressing is gradually increased toward
90 degrees as the mounting member 4 is rotated from
the released position toward the closed position. Accord-
ingly, the rotational biasing force of the torsion coil spring
82 acting on the mounting member 4 is gradually in-
creased as the mounting member 4 is rotated toward the
closed position. Particularly in this embodiment, the bi-
asing force is gradually increased until the mounting
member 4 reaches the closed position. Alternatively, the
rotational biasing force of the torsion coil spring 82 acting
on the mounting member 4 may be gradually increased
as the mounting member 4 is rotated from the released
position up to a position slightly before the closed position
and the rotational biasing force may be kept constant
during the rest of the rotation of the mounting member 4.
[0077] When the mounting member 4 is rotated from
the closed position toward the open position, the pressing
portion 81b is pressed by the action portion 83b, and the
force transmitter 81 is rotated in the counter-clockwise
direction of FIGS. 6 to 13 against the biasing force of the
torsion coil spring 82. When the mounting member 4
reaches a position the angle (5 degrees) mentioned
above before the released position, afterwards, the force
transmitter 81 is rotated accompanying the rotation of
the mounting member 4 toward the open position and
moreover, the force transmitter 81 is moved rightward
along the longitudinal direction of the through hole 81 a
since the pressing portion 81b is pushed rightward by
the circular arc surface 83d of the action portion 83b. The
firstengagement surface 92 and the second engagement
surface 94 are moved closer to each other due to the
rotation of the external link 71 accompanying the rotation
of the mounting member 4 and the rotation and the move-
ment of the force transmitter 81.

[0078] When the mounting member 4 rotated from the
closed position reaches the released position, the circular
arc surface 83d is brought to contact with the first apex
P of the pressing portion 81b. Accordingly, when the
mounting member 4 is rotated further from the released
position toward the open position, the first link 71 is ro-
tated accompanying the rotation of the mounting member
4 and moreover, the force transmitter 81 is moved left-
ward by the torsion coil spring 82. As a result, the first
engagement surface 92 and the second engagement
surface 94 are moved closer to each other and start to
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contact each other at end portions thereof adjacent to
each other. When the mounting member 4 is rotated from
the released position toward the open position by about
5 degrees, the force transmitter 81 reaches the stopped
position and the circular arc surface 83d of the action
portion 83b contacts the pressing portion 81b at the sec-
ond apex Q. Accordingly, the force transmitter 81 be-
comes rotatable about the second support shaft 74 in the
clockwise direction of FIG. 9. However, since at this time
the first engagement surface 92 and the second engage-
ment surface 94 are in contact with each other, the force
transmitter 81 is maintained in the stopped condition at
the stopped position.

[0079] When the mounting member 4 is rotated further
toward the open position, the action portion 83b is moved
away from the pressing portion 81b. Accordingly, only
the mounting member 4 is rotated thereafter and the force
transmitter 81 is maintained at the stopped position.
When the mounting member 4 is rotated up to the open
position, the mounting member 4 is prohibited from being
rotated further by the abutment of the internal link 72
against the external link 71, and the mounting member
4 is stopped at the open position.

[0080] AsshowninFIG.6,arotarydamper mechanism
100 is provided in the front end portion of the body 3. The
rotary damper mechanism 100 is provided for prohibiting
the mounting member 4 from being rotated rapidly toward
the closed position and maintaining the rotation speed
of the mounting member 4 at low. The rotary damper
mechanism 100 maintains a rotation speed of the mount-
ing member 4 toward the closed position at a low speed
via the force transmitter 81.

[0081] The rotary damper mechanism 100 includes a
casing 101 and a rotor 102. The casing 101 1 has a cir-
cular cylindrical configuration. The casing 101 is fixed to
the body 3 with an axis thereof oriented in the vertical
direction. The rotor 102 is disposed with an axis thereof
coinciding with the axis of the casing 101. One end por-
tion of the rotor 102 is rotatably disposed in the casing
101. Adamper means (not shown) is disposed inside the
casing 101. The damper means maintains rotation of the
rotor 102 in one direction at a low speed and the damper
allows the rotor 102 to be rotated at a high speed in the
other direction. As shown in FIG. 4, the other end portion
of the rotor 102 is protruded out of the casing 101. A first
gear 103 is formed in the the other end portion that is
protruded.

[0082] Asecondgear 104 isprovided inthe force trans-
mitter 81. The second gear 104 is disposed such that an
axis of the second gear 104 coincides with the axis of
the first support shaft 73 when a right end portion of an
inner surface of the through hole 81a is abutted against
the second support shaft 74. The second gear 104 is
engaged with the first gear 103. Accordingly, when the
force transmitter 81 is rotated, the rotor 102 is rotated.
In this case, when the force transmitter 81 is rotated from
the stopped position in the clockwise direction of FIG. 6,
i.e., when the mountingmember 4 is rotated in the closing
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direction, the rotor 102 is rotated in the one direction. As
a result, the force transmitter 81 is prohibited from being
rotated at a high speed in the clockwise direction, and
consequently, the mounting member 4 is prohibited from
being rotated at a high speed. Therefore, the mounting
member 4 is rotated at a low speed in the closing direc-
tion. Reversely, when the force transmitter 81 is rotated
in the counter-clockwise direction of FIG. 6, the rotor 102
is rotated in the other direction. Therefore, the force trans-
mitter 81 is allowed to be rotated at a high speed and the
mounting member 4 is allowed to be rotated at a high
speed from the closed position toward the open position.
The force transmitter 81 is movable along the longitudinal
direction of the through hole 81 a by a distance corre-
sponding to a length of the through hole 81 a. When the
force transmitter 81 is moved leftward, a center of rotation
of the force transmitter 81 (axis of the second support
shaft 74) and the axis of the second gear 104 do not
coincide with each other any more. However, the length
of the through hole 81 a is short. Moreover, when the
force transmitter 81 is moved leftward, a distance be-
tween a center of the first gear 103 and a center of the
second gear 104 become slightly longer. Therefore, even
when the force transmitter 81 is moved leftward, the first
gear 103 and the second gear 104 are kept in proper
engagement with each other.

[0083] In the hinge apparatus described above, the
distal end portion (the other end portion; a portion) of the
force transmitter 81 of the rotational biasing mechanism
80 is protruded out of the guide hole 3g formed in the top
plate 3b of the body 3, and the pressing portion 81b is
formed in the protruded distal end portion. The pressing
portion 81b presses the action portion 83b of the receiver
83 disposed in the end portion of the mounting member
4, the end portion being spaced from the instantaneous
rotation center C. A point at which the pressing portion
81b presses the action portion 83b is farther from the
instantaneous rotation center C than the shafts 75a, 75b
that respectively serve as the third and fourth support
shafts. As a result, the biasing force of the torsion coil
spring 82 is transmitted to the mounting member 4 as a
great rotation moment. In other words, the biasing force
of the torsion coil spring 82 can be reduced by an amount
corresponding to an increase in the rotation moment.
Therefore, force acting on the first and second support
shafts 73, 74 and the shafts 75a, 75b, particularly the
force acting on the shafts 75a, 75b can be reduced.
Therefore, wearing of the shafts 73, 74, 75a, 75b, the
mounting member 4 and the first and second support
shafts 73, 74 can be reduced, and thus, a service life of
the hinge apparatus 1 can be extended.

[0084] Otherembodiments ofthe presentinvention will
be described hereinafter. In the embodiments described
below, only features different from the first embodiment
will be described. The same components are denoted by
the same reference signs and description thereof are
omitted.

[0085] FIGS. 20 to 29 illustrate a second embodiment
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of the present invention. In a hinge apparatus 1A of the
second embodiment, a clutch mechanism (rotation pro-
hibition mechanism) 110 is used instead of the clutch
mechanism 90. The clutch mechanism 110 has the fol-
lowing features.

[0086] AsshowninFIGS. 20 and 21, catch projections
(first engagement portions) 111, 111 are respectively
formed in front end portions of two inner surfaces of the
guide hole 3g along the longitudinal direction thereof. The
catch projections 111, 111 project in the vertical direction
toward each other to be close to each other. By formation
of the catch projections 111, 111 in the guide hole 3g, an
inside of the guide hole 3g is divided into a front portion
3h located more to the front than the catch projections
111, 111 and a rear portion 3i located more to the rear
than the catch projections 111, 111.

[0087] In the hinge apparatus 1A, a force transmitter
81A s used instead of the force transmitter 81. As shown
in FIGS. 22 to 24, a pair of upper and lower abutment
portions (second engagement portions) 112, 112 are
formed in a distal end portion of the force transmitter 81A.
The pair of abutment portions 112, 112 are disposed
nearer to the basal end (lower side in FIG. 22) than the
pressing portion 81b is. Moreover, the pair of abutment
portions 112, 112 are disposed so as to sandwich the
pressing portion 81b from above and below. A surface
of the abutment portion 112 facing leftward (upward in
FIG. 22) is composed of a circular arc surface that is
leftwardly convex. The abutment portion 112 may be
composed of another convex curved surface.

[0088] As shown in FIGS. 25 to 27, the abutment por-
tions 112, 112 are inserted in the front portion 3h of the
guide hole 3g when the mounting member 4 is positioned
between the open position and the released position. The
circular arc surface of the abutment portion 112 is
pressed against the catch projection 111 by the biasing
force of the torsion coil spring 82, thereby causing the
force transmitter 81A to be stopped. A position of the
force transmitter 81A at this time is a stopped position.

[0089] In the hinge apparatus 1A having the features
described above, whenthe mountingmember 4 is rotated
from the open position up to a position a predetermined
angle (5 degrees, for example) before the released po-
sition, the circular arc surface 83d of the action portion
83b is abutted against the pressing portion 81b as shown
in FIG. 26. Then, while the mounting member 4 is rotated
toward the released position, the action portion 83b
presses the pressing portion 81b rightward (downward
in FIG. 26), and moves the force transmitter 8 1 A in the
same direction. It is to be understood that the abutment
portion 112 is also moved rightward accompanying the
movement of the force transmitter 81A. When the mount-
ing member 4 reaches the released position, as shown
in FIG. 27, the abutment portion 112 is moved more to
the right than the catch projection 111. As a result, the
abutment portion 112 caught by the catch projection 111
is released from the caught state, thereby allowing the
force transmitter 81A to be rotated from the released po-
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sition to the closed position. The force transmitter 81A is
rotated to the closed position by the torsion coil spring
82. Then the action portion 83b is pressed rearward by
the pressing portion 81b, and the mounting member 4 is
rotated to the closed position.

[0090] In a case where the mounting member 4 is ro-
tated from the closed position toward the open position,
while the mounting member 4 is rotated to the released
position after the mounting member 4 reached the posi-
tion the predetermined angle (5 degrees, for example)
before the released position, the action portion 83b
presses the pressing portion 81b rightward. This causes
the force transmitter 81A to be moved rightward. As a
result, the abutment portion 112 can pass the right side
of the catch projection 111. When the mounting member
4 is rotated further from the released position by the pre-
determined angle (5 degrees), the mounting member 4
is moved leftward by the torsion coil spring 82, and the
abutment portion 112 enters the front portion 3h of the
guide hole 3g. This prohibits rotation of the force trans-
mitter 81A in the clockwise direction. After that, the action
portion 83b is moved away from the pressing portion 81b
accompanying the rotation of the mounting member 4
toward the open position.

[0091] FIGS. 30 to 43 show a third embodiment of the
present invention. In a hinge apparatus 1B of this em-
bodiment, a clutch mechanism (rotation prohibition
mechanism) 120 is used instead of the clutch mechanism
90. The hinge apparatus further includes a switching
mechanism 130 that switches from a catching condition
to a releasing condition of the clutch mechanism 120.
The hinge apparatus 1B further includes an auxiliary ro-
tational biasing mechanism 140 that urges the mounting
member 4 toward the closed position.

[0092] The clutch mechanism 120 will be described
first. As shown in FIG. 31, an elongated hole (notch) 121
extending in the vertical direction is formed in the front
end portion of the body 3. The elongated hole 121 is
disposed more to the front than the guide hole 3g. A
length of the elongated hole 121 in the vertical direction
is longer than a width of the guide hole 3g in the vertical
direction. A front end portion of the guide hole 3g inter-
sects with the elongated hole 121 at a rear side surface
of the elongated hole 121. More specifically, the guide
hole 3g intersects with the elongated hole 121 in a central
portion of the elongated hole 121 in a longitudinal direc-
tion of the elongated hole 121. As a result, the elongated
hole 121 and the guide hole 3g communicate with each
other. Opposite end portions of the rear side surface of
the elongated hole 121 in the vertical direction are left.
A first engagement surfaces (first engagement portion)
122, 122 are respectively formed in the remaining oppo-
site end portions of the rear side surface of the elongated
hole 121.

[0093] FIGS. 33 to 37 show a force transmitter 81B
used in the third embodiment of the present invention.
An engagement portion 123 extending in the vertical di-
rection is formed in a distal end portion (upper end portion
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in FIGS. 33 to 37) of the force transmitter 81B. The press-
ing portion 81b is formed in a left portion (distal end side
of the force transmitter 81B) of an outer surface of the
engagement portion 123. A second engagement surface
(second engagement portion) 124 is formed in a rear
portion of the outer surface of the engagement portion
123. The second engagement surface 124 is formed con-
tinuously from the pressing portion 81b at alocation near-
er to a basal end of the force transmitter 81B.

[0094] A length of the engagement portion 123 in the
vertical direction is sized to be generally the same as the
length of the elongated hole 121 in the vertical direction.
A width of the engagement portion 123 in the front-rear
direction is sized to be generally the same as a width of
the elongated hole 121 in the front-rear direction. When
the mounting member 4 is positioned between the open
position and the released position, the engagement por-
tion 123 is inserted in the elongated hole 121 such that
the engagement portion 123 is immovable in the front-
rear direction but is movable in the longitudinal direction
of the through hole 81 a. Itis to be understood that at this
time, the second engagement surface 124 is abutted
against the first engagement surface 122 as shown in
FIGS. 38 to 40, thereby prohibiting the force transmitter
81B from being rotated about the second support shaft
74 in the clockwise direction. The position of the force
transmitter 81B at this time is a stopped position.
[0095] When the force transmitter 81B is moved left-
ward (upward in FIGS. 38 to 43) along the longitudinal
direction of the through hole 81 a by a predetermined
distance, the second engagement surface 124 is moved
leftward away from the first engagement surface 122. At
the same time, the engagement portion 123 escapes
from the elongated hole 121 to the left. As a result, the
force transmitter 81B becomes rotatable from the
stopped position in the clockwise direction, and the force
transmitter 81B is rotated in the clockwise direction by
the torsion coil spring 82. When the force transmitter 81B
is rotated in the clockwise direction, a narrow portion 81e
formed in the force transmitter 81B in a portion continuing
from the engagement portion 123 in a direction to the
basal end of the force transmitter 81B enters the guide
hole 3g such that the narrow portion 81e is movable in
the front-rear direction.

[0096] In a condition where the force transmitter 81B
is spaced from the stopped position in the clockwise di-
rection, when the force transmitter 81B is rotated toward
the stopped position, the narrow portion 81e escapes
from the guide hole 3g to the front and the narrow portion
81e is abutted against a front inner surface of the elon-
gated hole 121. After that, when the force transmitter 81B
is moved rightward, the second engagement surface 124
becomes opposed to the first engagement surface 122
and the second engagement surface 124 is pressed
against the first engagement surface 122 by the biasing
force of the torsion coil spring 82. This causes the force
transmitter 81B to be positioned in the stopped position.
[0097] The switching mechanism 130 will be described
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next. As shown in FIG. 32, a pair of engagement projec-
tions 131, 131 are formed in the inner surfaces of the
side plates 7 1 a, 7 1 a of the external link 71 opposed
to each other. The engagement projections 131, 131
project in the vertical direction toward each other to be
close to each other. The engagement projection 131 is
disposed in the end portion of the side plate 71a near the
first support shaft 73. The engagement projection 131 is
spaced from the first support shaft 73 in a radial direction
of the first support shaft 73 by a predetermined distance.
[0098] As shown in FIGS. 33 to 37, a pair of abutment
projections 132 projecting in the vertical direction are
formed in a generally central portion of the force trans-
mitter 81B between the basal end and a distal end of the
force transmitter 81B. A first inclined surface 133 and a
second inclined surface 134 are formed in an upper sur-
face of the abutment projection 132 facing toward the
distal end of the force transmitter 81B. The first inclined
surface 133 is inclined such that a rear end of the first
inclined surface 133 is closer to the distal end of the force
transmitter 81B than a front end of the first inclined sur-
face 133. The second inclined surface 134 is inclined
such that a rear end of the second inclined surface 134
is closer to the basal end of the force transmitter 81B
than a front end of the second inclined surface 134. A
rear end portion of the first inclined surface 133 and a
front end portion of the second inclined surface 134 in-
tersect each other. An angle formed between the first
inclined surface 133 and the second inclined surface 134
is generally a right angle. The first inclined surface 133
and the second inclined surface 134 are smoothly con-
tinued via a convex curved surface such as a circular arc
surface formed at an intersection of the first inclined sur-
face 133 and the second inclined surface 134.

[0099] As shownin FIG. 38, when the mounting mem-
ber 4 is positioned between the open position and an
intermediate position spaced from the open position to-
ward the closed position by a predetermined angle, the
first inclined surface 133 is pressed against the engage-
ment projection 131 of the external link 71 by the torsion
coil spring 82. This prohibits the force transmitter 81B
from moving leftward along the longitudinal direction of
the through hole 81 a. A position of the force transmitter
81B at this time in a direction along the through hole 81
a is referred to as a caught position hereinafter. When
the force transmitter 81B is in the caught position, the
second support shaft 74 is positioned at a front left end
portion side of the through hole 81a. Therefore, the force
transmitter 81B can be moved rightward from the caught
position along the longitudinal direction of the though hole
81a.

[0100] When the mounting member 4 is rotated from
the open position toward the closed position, the external
link 71 is rotated about the first support shaft 73 in the
counter-clockwise direction accompanying the rotation
of the mounting member 4. As a result, a point at which
the engagement projection 131 and the first inclined sur-
face 133 contact each other is moved toward a rear end
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of the first inclined surface 133. At this time, since the
first inclined surface 133 is inclined such that the rear
end of the first inclined surface 133 is closer to the distal
end of the force transmitter 81B than the front end of the
first inclined surface 133, the force transmitter 81B is
moved rightward against the biasing force of the torsion
coil spring 82 along the longitudinal direction of the
through hole 81 a. When the mounting member 4 reaches
the predetermined intermediate position, as shown in
FIG. 39, the engagement projection 131 is brought to
contact with the intersection of the first inclined surface
133 and the second inclined surface 134. At this time,
the force transmitter 81B is moved to a right most posi-
tion. The position of the force transmitter 81B along the
through hole 81 a at this time is referred to as a right limit
position.

[0101] When the mounting member 4 is rotated further
from the intermediate position toward the closed position
and the external link 71 is further rotated about the first
support shaft 73 in the counter-clockwise direction ac-
companying the rotation of the mounting member 4, the
engagement projection 131 is brought to contact with the
second inclined surface 134 as shown in FIG. 40. When
the mounting member 4 is rotated further toward the
closed position, a point at which the engagement projec-
tion 131 and the second inclined surface 134 contact
each other is moved toward the rear of the second in-
clined surface 134 accompanying the rotation of the
mounting member 4. At this time, since the second in-
clined surface 134 is inclined such that a rear end of the
second inclined surface 134 is closer to the basal end of
the force transmitter 81B than a front end of the second
inclined surface 134, the force transmitter 81B is moved
leftward by the biasing force of the torsion coil spring 82
along the longitudinal direction of the through hole 81 a
accompanying the rotation of the mounting member 4 in
the closing direction.

[0102] AsshowninFIG. 41, when the mounting mem-
ber 4 is rotated from the open position toward the closed
position and reaches the released position, the engage-
ment projection 131 is moved rearward away from the
second inclined surface 134. At the same time, the sec-
ond engagement surface 124 is moved leftward away
from the first engagement surface 122. As a result, the
force transmitter 81B caught by the clutch mechanism
120 is released from the clutch mechanism 120, and the
force transmitter 81B becomes rotatable from the
stopped position in the clockwise direction. A position of
the force transmitter 81B in the longitudinal direction of
the through hole 81a at this time is referred to as a spaced
position hereinafter. When the force transmitter 81B is
positioned in the spaced position, a slight gap is formed
between a right end portion of the through hole 81a and
the second support shaft 74. Therefore, the force trans-
mitter 81B can be moved slightly further toward the left
from the spaced position accompanying the rotation of
the mounting member 4. When the mounting member 4
is rotated from the released position in the closing direc-
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tion by a predetermined angle (5 degrees, for example),
the right end portion of the through hole 81a is abutted
against the second support shaft 74. As aresult, the force
transmitter 81B is prohibited from being moved further
leftward. A position of the force transmitter 81B at this
time is referred to as a left limit position hereinafter.
[0103] As shown in FIG. 40, when the engagement
projection 131 is in contact with the second inclined sur-
face 134, the action portion 83b of the rotational biasing
mechanism 80 is generally in contact with the pressing
portion 81b. At this time, since the force transmitter 81B
is moved in a generally the same direction as a tangential
direction at a point at which the action portion 83b and
the pressing portion 81b contact each other, the mount-
ing member 4 is hardly rotationally biased in the closing
direction by the torsion coil spring 82. However, when
the mounting member 4 reaches the released position,
since the force transmitter 81B is rotated about the sec-
ond support shaft 74 in the clockwise direction, the action
portion 83b is pressed rearward by the pressing portion
81b. This causes the mounting member 4 to be rotated
toward the closed position. The point at which the press-
ing portion 81b and the action portion 83b contact each
other is moved toward a deep side of the recess 83 a
accompanying the rotation of the mounting member 4
until the mounting member 4 rotated from the released
position reaches a free position which is a position a pre-
determined slight angle before the closed position. When
the mounting member 4 is rotated beyond free position,
the pressing portion 81b is moved away from the action
portion 83b. Accordingly, when the mounting member 4
is positioned between the free position and the closed
position, the rotational biasing force of the rotational bi-
asing mechanism 80 in the closing direction does not act
on the mounting member 4, and the mounting member
4 can be freely rotated. It is to be understood that as with
the embodiments mentioned above, the rotational bias-
ing mechanism 80 may bias the mounting member 4 in
the closing direction regardless of the position of the
mounting member 4 between the released position and
the closed position.

[0104] When the mounting member 4 is rotated from
the closed position in the opening direction and reaches
the open position, the clutch mechanism 120 and the
switching mechanism 130 return to their respective orig-
inal states in the following manner. That is, assuming that
the mounting member 4 is positioned in the closed posi-
tion, the force transmitter 81B is positioned in the left limit
position and the engagement projection 131 is spaced
from the second inclined surface 134 at this time.
[0105] When the mounting member 4 is rotated form
the closed position in the opening direction toward the
open position and the mounting member 4 reaches a
position that is a predetermined angle (5 degrees) before
the released position, the action portion 83b is abutted
against the pressing portion 81b. After that, the force
transmitter 81B is pressed to be moved rightward accom-
panying the rotation of the mounting member 4 toward
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the open position. When the mounting member 4 is ro-
tated up to the released position, the force transmitter
81B is moved up to the spaced position. At this time, the
engagement projection 131 is in contact with a right end
edge of the second inclined surface 134. When the
mounting member 4 is rotated beyond the released po-
sition further toward the open position, the engagement
projection 131 is brought to contact with the second in-
clined surface 134 (see FIG. 40). Accordingly, when the
mounting member 4 is rotated beyond the released po-
sition further toward the open position, the force trans-
mitter 81B is moved rightward against the biasing force
of the torsion coil spring 82. After that, the point at which
the engagement projection 131 and the second inclined
surface 134 contact each other is moved forward accom-
panying the rotation of the mounting member 4 toward
the open position. After the engagement projection 131
is moved over the intersection of the first inclined surface
133 and the second inclined surface 134, the engage-
ment projection 131 is brought to contact with the first
inclined surface 133 (FIG. 38).

[0106] The auxiliary rotational biasing mechanism 140
will be described now. The auxiliary rotational biasing
mechanism 140 rotationally biases the mounting mem-
ber 4 toward the closed position when the mounting mem-
ber 4 is positioned between the intermediate position and
the released position. The auxiliary rotational biasing
mechanism 140 is composed of the torsion coil spring
82, the engagement projection 131 and the second in-
clined surface 134.

[0107] Specifically, as mentioned above, when the
mounting member 4 is positioned between the interme-
diate position and the released position, the second in-
clined surface 134 is pressed against the engagement
projection 131 by the biasing force of the torsion coil
spring 82, and the second inclined surface 134 presses
the engagement projection 131. More specifically, the
second inclined surface 134 presses the engagement
projection 131 in a direction generally perpendicular to a
line connecting the point at which the engagement pro-
jection 131 and the second inclined surface 134 contact
each other and the axis of the first support shaft 73. The
pressing force causes the external link 71 to be rotated
about the first support shaft 73 in the counter-clockwise
direction. This causes the mounting member 4 to be ro-
tated toward the closed position.

[0108] Whenthe mounting member 4 is positioned be-
tween the open position and the intermediate position,
the first inclined surface 133 presses the engagement
projection 131. However, at this time, a line of action of
the pressing force of the first inclined surface 133 against
the engagement projection 131 is generally parallel to
and very close to or coincides with a line connecting the
point at which the engagement projection 131 and the
first inclined surface 133 contact each other and the axis
of the first support shaft 73. Therefore, the biasing force
of the torsion coil spring 82 acting on the engagement
projection 131 via the first inclined surface 133 hardly



39 EP 2 466 045 A2

affects the external link 71 as a force rotating the external
link 71. The biasing force of the torsion coil spring 82
acting on the engagement projection 131 via the first in-
clined surface 133 may be increased by changing an
inclination angle of the first inclined surface 133 so that
the mounting member 4 may be rotationally biased to-
ward the closed position even when the mounting mem-
ber 4 is positioned between the closed position and the
intermediate position.

[0109] Itis to be understood that the present invention
is not limited to the embodiments described above, and
various modifications may be adopted without departing
from the spirit or scope of the invention.

For example, while in the embodiment described above,
the rotational biasing mechanism 80 biases the mounting
member 4 toward the closed position when the mounting
member 4 is rotated from the released position toward
the closed position, another rotational biasing mecha-
nism may be used instead of the rotational biasing mech-
anism 80. The another rotational biasing mechanism bi-
ases the mounting member 4 toward the open position
when the mounting member 4 is rotated from the prede-
termined released position toward the open position.
The clutch mechanisms (rotation prohibition mecha-
nisms) 90, 110, 120 may be adopted in a rotational bias-
ing mechanism having different features from the rota-
tional biasing mechanism 80.

Industrial Applicability
[0110] The hinge apparatus according to the present
invention may be used as a hinge apparatus for connect-

ing a door to a housing.

Reference Sings List

[0111]

C instantaneous rotation center
1 hinge apparatus

1A hinge apparatus

1B hinge apparatus

3 body

3a side plate

3b top plate
39 guide hole (notch)

4 mounting member
71 external link (first link)
72 internal link (second link)

73 first support shaft
74 second support shaft

75a shaft (third support shaft)

75b  shaft (fourth support shaft)

80 rotational biasing mechanism (rotational biasing
means)

81 force transmitter

81A  force transmitter

81B  force transmitter
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40

81b pressing portion (the other end portion of the
force transmitter; a part of the transmitter)

82 torsion coil spring (biasing means)

83b action portion

90 clutch mechanism (rotation prohibition mecha-
nism)

92 first engagement surface (first engagement por-
tion)

94 second engagement surface (second engage-
ment portion)

110 clutch mechanism (rotation prohibition mecha-
nism)

111 catch projection (first engagement portion)

112 abutment portion (second engagement portion)

120 clutch mechanism (rotation prohibition mecha-
nism)

122 first engagement surface (first engagement por-
tion)

124 second engagement surface (second engage-
ment portion)

Claims

1

A hinge apparatus (1; 1A; 1B) comprising:

a body (3);

a mounting member (4) connected to the body
(3) via first and second links (71, 72) such that
the mounting member (4) can be rotated be-
tween a closed position and an open position;
and

a rotational biasing means (80) disposed in the
body (3), the rotational biasing means (80) bi-
asing the mounting member (4) such that the
mounting member (4) is rotated with respect to
the body (3),

one end portions of the first and second links
(71, 72) rotatably connected to the body (3) re-
spectively via first and second support shafts
(73, 74) parallel to each other,

the other end portions of the first and second
links (71, 72) rotatably connected to the mount-
ing member (4) respectively via third and fourth
support shafts (75a, 75b) parallel to the first and
second support shafts (73, 74),

characterized in that the rotational biasing
means (80) is disposed inside the body (3) with
a portion (81b) of the rotational biasing means
(80) projected out of the body (3) and that the
portion (81b) of the rotational biasing means (80)
projected out of the body (3) is pressed to con-
tact the mounting member (4), thereby rotation-
ally biasing the mounting member (4).

2.
The hinge apparatus according to claim 1, wherein
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the portion (81b) of the rotational biasing means (80)
pressed to contact the mounting member (4) is pro-
jected out of the body (3) in a direction perpendicular
to axes of the first, second, third and fourth support
shafts (73, 74, 75a, 75b) and in a direction away from
an instantaneous rotation center (C) of the mounting
member (4).

3.

The hinge apparatus according to claim 1 or 2,
wherein the body (3) is formed to have a U-shaped
cross-sectional configuration by a pair of side plates
(3a, 3a) arranged to be opposed to each other and
a top plate (3b) connecting one side portions of the
pair of side plates (3a, 3a), the first and second sup-
port shafts (73, 74) are disposed with the axes there-
of oriented in a direction in which the side plates (3
a, 3a) are opposed to each other, opposite end por-
tions of the first support shaft (73) and opposite end
portions of the second support shaft (74) are sup-
ported by the side plates (3a, 3a), notches (3g; 3g,
121) are formed in the top plate (3b) and the portion
(81b) of the rotational biasing means (80) is project-
ed out of the body (3) through the notches (3g; 3g,
121).

4.

The hinge apparatus according to any one of claims
1 to 3, wherein the rotational biasing means (80)
comprises a force transmitter (81; 81A, 81B) dis-
placeably disposed in the body (3) and a biasing
means (82) that causes the force transmitter (81;
81A, 81B) to be displaced, and a portion (81b) of the
force transmitter (81; 81A, 81B) is projected out of
the body (3).

5.
A hinge apparatus (1; 1A; 1B) comprising:

a body (3);

a mounting member (4) connected to the body
(3) via first and second links (71, 72) such that
the mounting member (4) can be rotated be-
tween a closed position and an open position;
and

a rotational biasing means (80) disposed in the
body (3), the rotational biasing means (80) bi-
asing the mounting member (4) such that the
mounting member (4) is rotated with respect to
the body (3),

one end portions of the first and second links
(71, 72) rotatably connected to the body (3) re-
spectively via first and second support shafts
(73, 74) parallel to each other,

the other end portions of the first and second
links (71, 72) rotatably connected to the mount-
ing member (4) respectively via third and fourth
support shafts (75a, 75b) parallel to the first and

10

15

20

25

30

35

40

45

50

55

22

second support shafts (73, 74),

characterized in that an action portion (83b) is
provided in the mounting member (4), rotational
biasing force of the rotational biasing means (80)
acting on the action portion (83b), and the action
portion (83b) is disposed such that a distance
between an instantaneous rotation center (C) of
the mounting member (4) and the action portion
(83b) is longer than a distance between the in-
stantaneous rotation center (C) of the mounting
member (4) and the third support shaft (75a) and
a distance between the instantaneous rotation
center (C) of the mounting member (4) and the
fourth support shaft (75b).

6.

The hinge apparatus according to claim 5, wherein
a direction of action of biasing force of the rotational
biasing means (80) acting on the action portion (83b)
gradually changes accompanying the rotation of the
mounting member (4).

7.

The hinge apparatus according to claim 5 or 6,
wherein the rotational biasing means (80) comprises
a force transmitter (81; 81A, 81B) disposed in the
body (3) and a biasing means (82) rotationally bias-
ing the force transmitter (81; 81A, 81B), one end por-
tion of the force transmitter (81; 81A, 81B) disposed
inside the body (3) is rotatably connected to the body
(3), the other end portion (81b) of the force transmit-
ter (81; 81A, 81B) is projected out of the body (3),
and the other end portion (81b) projected out of the
body (3) is pressed to contact the action portion (83b)
of the mounting member (4), thereby causing the
mounting member (4) to be rotated by the biasing
means (82) via the force transmitter (81; 81A, 81B).

8.

The hinge apparatus according to claim 7, wherein
a rotation prohibition mechanism (90; 110; 120) are
provided between the first link (71) and the force
transmitter (81; 81A, 81B) and when the mounting
member (4) is rotated from one of the open position
and the closed position toward the other of the open
position and the closed position, until the mounting
member (4) reaches a released position a predeter-
mined angle before the other of the open position
and the closed position, the rotation prohibition
mechanism (90; 110; 120) prohibits the force trans-
mitter (81; 81A, 81B) from being rotated by the bias-
ing means (82), thereby causing the force transmitter
(81;81A, 81B) to be held at a predetermined stopped
position, and when the mounting member (4) is ro-
tated beyond the released position, the rotation pro-
hibition mechanism (90; 110; 120) allows the force
transmitter (81;81A, 81B) to be rotated by the biasing
means (82) toward the other of the open position and
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the closed position.

9.

The hinge apparatus according to claim 8, wherein
the rotation prohibition mechanism (90) comprises
a first engagement portion (92) disposed in the first
link (71) and a second engagement portion (94) dis-
posed in the force transmitter (81), one (92) of the
first and second engagement portions (92, 94) com-
prises a concavely curved first circular-arc surface,
a center of curvature of the first circular-arc surface
being an axis of the first support shaft (73), the other
(94) of the firstand second engagement portions (92,
94) comprises a convexly curved second circular-
arc surface, a center of curvature of the second cir-
cular-arc surface being the axis of the first support
shaft (73), until the mounting member (4) reaches
the released position, the first circular-arc surface
and the second circular-arc surface contact each
other such that each of the first circular-arc surface
and the second circular-arc surface can be rotated
about the axis of the first support shaft (73), thereby
prohibiting the force transmitter (81) from being ro-
tated, and when the mounting member (4) is rotated
beyond the released position, the first circular-arc
surface and the second circular-arc surface are
spaced from each other, thereby allowing the force
transmitter (81) to be rotated.

10

15

20

25

30

35

40

45

50

55

23

44



EP 2 466 045 A2

24



EP 2 466 045 A2

FIG 3

25



EP 2 466 045 A2

26

FIG. 4



EP 2 466 045 A2

FIG 5

27



EP 2 466 045 A2

9 914

/

4

-

0
¢

e Wi
£

[

19 75

46/
/
B BG)
AN ‘ |
mwwwfxnmmx/m_m g M
NANA NN w vl
NS N f” . /,,/ Myﬁl ff%f@ ¢ W X y -078
! X B
) LR zM N //
ST TN
22¢] | P12 ;rmeyW_N
AN ’ q€8
0¢ 0¢

28



EP 2 466 045 A2

14
ey

qi¢

Ly

o

BZ8

122

EL8

¢8

L 914

08
928

PEs

qes

29



EP 2 466 045 A2

30

FIG. 8



EP 2 466 045 A2

6 9ld

95,
m EG)
woezs 28l azg\) A ¢
whv TR Y N\ N u
m / M M 7 x,g i Om
;w % - M.nx\ \\mm
VA ="\ ¢l
- # ,\x; : ww
fmx ,WM
€ 0L/ 716 018 peg” 4
" be 001 ;
q¢g | €8

Y8 ppg

31



EP 2 466 045 A2

0L 914

0¢

95,
AR
0 08
eze. 28] azg\ ¢l
27 el yL 10V f "
8 1= @t
# N w M / _f fj w. .V
L\ B -6
N A o
| AT ¢
& L ;f N_
v6 /26 S
o1/ 7 15% (g7,
001 £8
qeg” 968 918

32



EP 2 466 045 A2

75b

33

FIG 11



EP 2 466 045 A2

34

FIG 12



EP 2 466 045 A2

€l 9l

46/,

35



EP 2 466 045 A2

T1a

, 71
:’/

71aw~«% ‘ %fﬂa
)
|
i
1
|
i

LLd_dwwﬁmmmeM

FIG. 14B

91 91

71aw%’ '
71)b \

71
FIG. 14D

»-»-jfﬂ a

36




EP 2 466 045 A2

37



EP 2 466 045 A2

38



EP 2 466 045 A2

81b

o
-
(= o]

FIG 19

39



EP 2 466 045 A2

FIG. 20

40



EP 2 466 045 A2

81a

41



EP 2 466 045 A2

81b

112 112

FIG. 23

81b

81A
104

81a

FIG 24

42



EP 2 466 045 A2

G¢ 914

08
¢ 8 | |
NN , BSK/
N 5, AT ’ i 0
<w s ; : E %i\\, \ - )
q —¥ /s i ‘ 7 ‘ /) ‘ S
| NS
, “ZLL
ge 0L gy 101 )

001 0Ll

43



83
83a ¢ 83b

EP 2 466 045 A2

[ }
Lo
o
e
(9N
Lo’ =
[3p]
—
L
] e
o o] -
o]
m""‘"%-»—{-
i}
[aN ] i
(a0 "
s )
(4]
- ;
'[__ \
o
od
[}
[N ]
[ } :
= K
: %
<
—
—
e
[~
(e}
—
2 »
w N
-—
ey @0
—_— ;
o
—
o
g
o e |
= '
oy B0 ! ) S
(=] L I
/ ; .
f / W’}e 2
: > \
e N er i \
; I AT
‘ A
S AT S T
wﬂ""“‘d R -
2 T\
// gt )
~ (51
C‘: N L
— (] P
-— P
P
o
P

44

FIG 26



83‘ 832 83c 83d

EP 2 466 045 A2

Lo
rame
o
[
—
o2
—
o
(3]
[
=]
—
e
J—
£
J—
o
(4
™ o ”wa
s
\\ :
!
»»‘s;:'"

73

81A

45

FIG. 27

73b



EP 2 466 045 A2

o
7Y
o
Lo
g
o
Ln”“**«..\kw
o N
=—N
C\Ijm
o~
N S 4
o
o i : ‘(
o o ? ’ ")« //
o~ b N a ,,‘:
=
o -t .4 :
.
= R NN s '
— {%ﬁm\'xm - =
pay N | e
g*\\t ' oS
— ': *‘.«' - [ |
= e e
N \”‘“ O M~
o — < O\ “"'\
3 = =
o o
o3 e
= : )
=
s km
o KO
1—//// %‘a‘
:: // ‘ &
g
e

46

FIG. 28



EP 2 466 045 A2

6¢ 914
952 y

i

Oy 08

M;
| 28 ¢
1§ 6 e€ G € 8 ep vavaE elg (8 W

BG)

AR V& 1l
05— 2109 V18
7 )’ .
£ W ' ) M ¢l
\ # b M
\ = NS g
2 A=
e <.
g O ) g [PER RIS N
001 68 | / —/—_.
018 68 \ €8

47



EP 2 466 045 A2

FIG. 30

48



EP 2 466 045 A2

FIG. 31

FIG. 32

49



EP 2 466 045 A2

33

FIG.

81b

FIG. 34

50



EP 2 466 045 A2

L
} 81b
'/
123~

51




EP 2 466 045 A2

52



EP 2 466 045 A2

08
\[7
:/ 8 |, \e8,,28, ei8 928
— _ [ 281
M M
P S N A M
S 1\
i b
i I 17T Cx
€ 0l / /
—. /
d 001 ¥Elgcaig tig
vzl 22l

53



EP 2 466 045 A2

6€ 914

v 08

B
ey Nw_vmv

20 |72e 6128

0¢t

54



EP 2 466 045 A2

0F 914

96/

55



EP 2 466 045 A2

Ly 914

] ¢

S gl8
- = ﬁ;«A% \ M [ i
XGRER A 2 gl
W e i - m\!\ mm-.
R iWw oy - \\W
. s uwx r ff, ! MN
n\. u\x\m w
1 _b-—-318
> iy f,Mﬁ .\”&HHMVHW_\
1] e~ o . A
B s -

8_ mim_wmwm_ //NN_

pes ,
nmwﬁumm ¢8

qlg ®Es

56



EP 2 466 045 A2

¢ I14

] 4
07 08 R
: /
8 g\ Brtlag|Tleg!® ) IO Z
w 1L
— A AN S g8
;;;;;;;;;;;;;;;;;;;;; ) SO sl
. wﬁ ,M_m ‘, [ ' \M.H - NMMM_._.
. A N AT ¢
e M \\\w w
T : f W 11
0l 00} 8¢ gl \ \ z;//o_m
0 nmmﬁuwm
268 €8

57



EP 2 466 045 A2

ey 914

17

24

08
A7)

ev\ L yes\ (818
__
|

e ,W,ﬁx%%
AN X
Y |
7 W
/ (1),
0L 00l (N
1e8 wmw \ 2zl
ZAl 318 ¢¢g|

B8 418

58



EP 2 466 045 A2
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 JP S60112973 B [0004]

59



	bibliography
	description
	claims
	drawings

