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(54) Door closing device and door device provided therewith

(57) A door closing device includes a device main
body 6 attached to a door frame and a guided member
7 attached to a door A. The device main body 6 includes
a door closing arm 20 which moves into and out of en-
gagement with the guided member 7 with the turning of
the door A, a biasing mechanism which holds the door
closing arm 20 in a standby position in which the door
closing arm 20 can engage with the guided member 7
when the guided member 7 is not engaged with the door
closing arm 20, and forcedly turns the door closing arm
20in the direction that closes the door A when the guided
member 7 is engaged with the door closing arm 20, and
a direct-acting shock-absorbing mechanism which sup-
presses the turning of the door closing arm 20 when the
door closing arm 20 is turning in the direction that closes
the door A, and promotes the turning thereof when the
door closing arm 20 is turning in an opposite direction.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a door closing
device and a door device provided therewith for forcedly
and noiselessly closing a door by which a doorway of an
entrance or a room is opened and closed.

2. Description of the Related Art

[0002] There already exists a door closing device
which closes a door noiselessly by slowing it down just
before itis closed completely, the door by which an open-
ing of a house, such as a doorway of an entrance or a
room, is opened and closed, as is disclosed in JP-A-
2007-120140 (pages 4 to 8, FIGS. 1 and 4 to 6).

[0003] Such a conventional door closing device 100
has, as shown in FIG. 8, a device main body 101 which
is attached to a door A and a bracket 102 which is at-
tached to an upper frame member (a member forming
an upper edge part of a door frame and extending in a
horizontal direction) B of the door frame provided around
an opening of a house. The device main body 101 is
attached to a portion of an upper end part of the back
surface of the door A, the portion near a side edge to
which a hinge 103 is attached. The bracket 102 is at-
tached to a part of the upper frame member B, the part
corresponding to a position in which the device main body
101 is attached and near a vertical frame member (a
member forming a right or left side edge part (in an ex-
ample shown in the figure, a right side edge part) of the
door frame and extending in a vertical direction) C to
which the hinge 103 is attached. The device main body
101 has an arm 104 bent in the form of a circular arc. In
an arm main body 105 of the arm 104, a guide groove
105ais formed. At the end of the bracket 102, a pin 102a,
which engages in the guide groove 105a of the arm 104,
is provided.

[0004] In this conventional door closing device 100,
before the pin 102a of the bracket 102 engages in the
guide groove 105a of the arm 104 of the device main
body 101, as shown in FIG. 9(A), a protrusion 108a of a
slider 108 biased by a spring 107 is in contact with a
projected portion 106a provided in a supporting portion
106 of the arm 104. As a result, the arm 104 is subjected
to a counterclockwise moment indicated by an arrow in
the figure, and is subjected to a clockwise moment as a
result of a side edge of an arc-shaped vertical plate 106b
of the supporting portion 106 thereof coming into contact
with a boss (not shown) of a housing 109 to which a
shock-absorbing mechanism 110 is attached or a flange
110a of the shock-absorbing mechanism 110. Thus, the
arm 104 is held in an angular position corresponding to
a predetermined closing angle (an angle which the door
A forms with the upper frame member B) shown in the
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figure at which it can engage with the pin 102a of the
bracket 102. When the door A is being closed further,
the pin 102a of the bracket 102 reaches a position of an
opening (a part through which the pin 102a enters and
leaves the guide groove 105a) of the guide groove 105a
shown in the figure to engage in the guide groove 105a
of the arm 104.

[0005] After the pin 102a engages in the guide groove
1054, the pin 102a starts to move relative to the arm 104
along the guide groove 105a with the movement of the
door Ain the direction indicated by an arrow in FIG. 9(B),
that is, with the closing of the door A. At this time, since
an area of the slider 108 in which it makes contact with
the projected portion 106a of the arm 104 is changed
from the protrusion 108a of the slider 108 to a closed-
end face thereof as soon as the arm 104 starts to rotate
inaclockwise direction indicated by an arrow in the figure,
the arm 104 is subjected to a clockwise moment indicated
by an arrow in the figure. The arm 104 starts to rotate as
a result of it being subjected to such a moment, and, at
the same time, the door A automatically rotates in the
direction of an arrow in the figure and closes as shown
in FIG. 9(C). Incidentally, in the above-described rotation
of the arm 104, since the rotational speed is reduced by
the shock-absorbing mechanism 110 which acts on the
rotation axis of the arm 104, the rotation of the door A is
also slowed down at the time of closing of the door A. As
aresult, the door A is closed noiselessly without causing
a problem such as bumping against a doorstop (not
shown) and generating impact noise or the like.

[0006] Incidentally, when the door A is opened from a
state of FIG. 9(C), that is, a state in which the door A is
closed, the pin 102a of the bracket 102 moves relative
to the arm 104 along the guide groove 105a thereof, and
the arm 104 rotates in a counterclockwise direction indi-
cated by an arrow in the figure while countering a bias
force of the spring 107. Then, when the state is changed
to a state shown in FIG. 9(A), the engagement of the pin
102a of the bracket 102 with the guide groove 105a of
the arm 104 is released, and the arm 104 is held in an
angular position corresponding to a predetermined clos-
ing angle as described above in a position where the
engagement is released.

[0007] As inthe door closing device described above,
when a structure is adopted in which the device main
body 101 having the shock-absorbing mechanism 110
attached thereto is attached to a portion of the upper end
part of the back surface of the door A, the portion near a
side edge to which the hinge 103 is attached, and the
bracket 102 is attached to a portion of the upper frame
member B, the portion corresponding to a position of the
device main body 101 and near the vertical frame mem-
ber C to which the hinge 103 is attached, it is true that
the objective of closing the door A noiselessly can be
achieved. However, this makes it necessary to apply
stronger force to a handle of the door A when opening
the door A compared with when the device main body
101 is attached to a part of the upper end part of the back
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surface of the door A, the part near a side edge opposite
to the side edge to which the hinge 103 is attached, and
the bracket 102 is accordingly attached to a part of the
upper frame member B, the part near a vertical frame
member D. Furthermore, the necessity of exerting a
strong force undesirably results in an increase in load
applied to the hinge.

[0008] In addition, the shock-absorbing mechanism
110 used in the door closing device described above is
of the rotary type, forming a structure in which a force
counteracting the rotation of the rotation axis of the arm
104 is always exerted on that rotation axis, which be-
comes a cause of the problem described above. Addi-
tionally, this structure makes it difficult to make settings
to facilitate the rotation of the arm at desired timing at the
time of rotation of the arm 102, for example, when the
door A is being opened.

[0009] Moreover, the rotary type shock-absorbing
mechanism 110 generally has larger dimensions, leading
to an increase in the size of the device main body 101 to
which the shock-absorbing mechanism 110 is attached.
This makes it difficult to attach the device main body 101
to a narrow region like the upper frame member B. As a
result, the device has to be a type of device that attaches
the device main body 101 on the door A side and attaches
the bracket 102 to the upper frame member B as de-
scribed above, making it difficult to enhance the appear-
ance of the device.

[0010] Problems that the invention is to solve are to
achieve adoor closing device that can close a door noise-
lessly by suppressing an abrupt turning of the door just
before itis closed and can open the door by a weak force
when opening the door without an increase in the size of
a device main body, thereby making it possible to attach
the device main body to a door frame, and to provide a
door device provided with the door closing device.

SUMMARY OF THE INVENTION
[Door closing device]

[0011] In order to solve the above problems, an door
closing device according to an aspect of the present in-
vention is a door closing device (1) forcedly closing a
door (A) which is connected to a door frame via a hinge
(5) in such a way that the door (A) can turn in a horizontal
direction, the door closing device (1) including:

a device main body (6) attached to the door frame;
and
a guided member (7) fixed to the door (A),

wherein the device main body (6) includes:

a fixed component (40) fixed to an upper edge part
of an opening of the door frame;

a turning piece (14) including a shaft portion (14c)
supported on the fixed component (40) in such a way
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that the shaft portion (14c) can turn in a horizontal
direction and first and second arm portions (14a,
14b) projecting outward from the shaft portion (14c)
in different horizontal directions;

a door closing arm (20) which turns with the turning
piece (14) in a horizontal direction and moves into
and out of engagement with the guided member (7)
with the turning of the door (A);

a biasing mechanism (50) which exerts an elastic
force onthe firstarm portion (14a) of the turning piece
(14) to hold the door closing arm (20) in a standby
position in which the door closing arm (20) stands
ready to engage with the guided member (7) when
the guided member (7) is not engaged with the door
closing arm (20), and to turn the door closing arm
(20) forcedly in the direction that closes the door (A)
after the guided member (7) engages with the door
closing arm (20); and

a direct-acting shock-absorbing mechanism (60)
which exerts a force on the second arm portion (14b)
of the turning piece (14) to suppress the turning of
the door closing arm (20) when the door closing arm
(20) is turning in the direction that closes the door
(A), and to promote the turning thereof when the door
closing arm (20) is turning in an opposite direction.

[0012] With the above-described structure, when the
guided member is not engaged with the door closing arm,
that is, when the door is opened wider than the degree
of opening which permits engagement between the door
closing arm and the guided member, the door closing
armis held in the standby position by the elastic force of
the biasing mechanism. When the door is being closed,
the guided member approaches the device main body
together with the door, and,

when the degree of opening of the door reaches a pre-
determined degree of opening, the guided member en-
gages with the door closing arm. Then, when the door is
being closed further, the door closing arm starts to turn
from the standby position in the direction that closes the
door. At the same time, the elastic force of the biasing
mechanism starts to act as a force that forcedly turns the
door closing arm in the direction that closes the door.
With the forced turning of the door closing arm, the door
is being closed forcedly. At this time, the reaction of the
shock-absorbing mechanism starts to act and suppress
the turning of the door closing arm, whereby an abrupt
movement of the door is prevented. As a result, the door
is closed forcedly and noiselessly. On the other hand,
when the door is opened from a state in which the door
is closed completely, the door closing arm starts to turn
inthe direction that puts the door closing armin the stand-
by position with the opening movement of the door. At
the same time, the repulsion of the shock-absorbing
mechanism starts to act as a force that turns the door
closing arm in the direction that opens the door, whereby
the turning of the door closing arm in the direction that
opens the door is promoted. This eliminates the need to
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apply a strong force to the handle of the door when open-
ing the door by hand. Since a direct-acting shock-absorb-
ing mechanism is used as the shock-absorbing mecha-
nism, itis possible to achieve the door closing device that
can close the door noiselessly when closing the door and
can open the door by a weak force when opening the
door without an increase in the size of the device main
body.

[0013] In the door closing device (1) of the invention,
it is preferable that the fixed component (40) include a
housing (70) fixed to the door frame and having a flat
rectangular parallelepiped shape, and the turning piece
(14), the biasing mechanism (50), and the shock-absorb-
ing mechanism (60) be housed in the housing (70), in a
bottom plate (8b, 10a) of the housing (70), an insertion
hole (8al, 10a6) for connecting a connecting shaft (28a3)
of the door closing arm (20) to the shaft portion (14c) of
the turning piece (14) be formed, and the door closing
arm (20) turn along a lower surface of the housing (70).
As described above, by adopting a structure in which the
turning piece, the biasing mechanism, and the shock-
absorbing mechanism are housed in the housing having
aflatrectangular parallelepiped shape, and the door clos-
ing arm turns along the lower surface of the housing, it
is possible to reduce the size of the fixed component
which is fixed to the door frame and achieve the door
closing device which has a simple appearance and ap-
pears to be provided as a movable part with only the door
closing arm.

[0014] Moreover, it is preferable that insertion holes
(8al, 10a6) for connecting the connecting shaft (28a3)
of the door closing arm (20) to the shaft portion (14c) of
the turning piece (14) be formed in the upper and lower
surfaces of the housing (70), and the connecting shaft
(28a3) of the door closing arm (20) can be connected to
the shaft portion (14c) of the turning piece (14) through
any one of the insertion holes (8al, 10a6). This makes
it possible to use the door closing device for both a right-
hinged door and a left-hinged door.

[0015] Furthermore, it is preferable that the biasing
mechanism (50) include a spring (16) exerting an elastic
force on the first arm portion (14a) of the turning piece
(14),

the shock-absorbing mechanism (60) include a direct-
acting damper (19) which generates a braking force by
being compressed and pushing back in a horizontal di-
rection with the turning of the second arm portion (14b)
of the turning piece (14) when the door closing arm (20)
is turning in the direction that closes the door (A), and
the spring (16) and the damper (19) be arranged parallel
to each other. This makes it easy to reduce the size of
the fixed component.

[0016] In addition, itis preferable that the device main
body (1) include an adjusting unit (17) for adjusting the
elastic force of the biasing mechanism (50). This makes
it possible to adjust the turning speed of the door when
it is being closed and the reaction from the spring when
the door is being opened.
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[0017] Moreover, it is preferable that the shock-ab-
sorbing mechanism (60) be configured such that, when
the door (A) is being closed, a force suppressing the turn-
ing of the second arm portion (14b) of the turning piece
(14) is not exerted on the second arm portion (14b) from
a point when a latch provided on an edge face of the door
(A), the edge face located on that side of the door (A)
where a handle is provided, starts to engage in a latch
hole provided in the door frame. This prevents the reac-
tion from the shock-absorbing mechanism from acting
from a point when the latch provided on the edge face of
the door starts to engage in the latch hole in the door
frame, making it possible to close the door reliably.
[0018] Furthermore, itis preferable that, whenthe door
(A) is closed, the whole of the door closing arm (20) be
located under the lower surface of the housing (70), and,
when the door closing arm (20) is in the standby position,
an end thereof protrude from under the lower surface of
the housing (70) toward the door (A). With this structure,
when the door is being closed, the guided member en-
gages with the door closing arm in a standby status with
the end thereof protruding from under the lower surface
of the housing toward the door with the turning of the
door. Then, when the door is being closed further, the
door closing arm turns in the direction that closes the
door, and, when the door is closed, the door closing arm
fits under the housing, that is, the housing and the door
closing arm are placed one on top of another.

[0019] Inaddition, itis preferable that the guided mem-
ber (7) include a supporting portion (30) jutting from a
board face of the door (A) in a horizontal direction and a
sliding part (31) jutting upward from an end of the sup-
porting portion (30), the door closing arm (20) include a
guide groove (27c) extending in the direction of the radius
of the turning of the door closing arm (20), and

when the door closing arm (20) is in the standby position,
an end of the sliding part (31) be received in the guide
groove (27c) with the turning in the direction in which the
door (A) is closed.

[Door device]

[0020] In order to solve the above problems, a door
device according to another aspect of the present inven-
tion is a door device including:

a door frame;

a door (A) which is connected to the door frame via
a hinge (5) in such a way that the door (A) can turn
in a horizontal direction; and

a door closing device (1) forcedly closing the door
(A),

wherein the door closing device (1) includes:
a device main body (6) attached to the door frame;

and
a guided member (7) fixed to the door (A), and
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the device main body (6) includes:

a fixed component (40) fixed to an upper edge
part of an opening of the door frame;

a turning piece (14) including a shaft portion
(14c) supported on the fixed component (40) in
such a way that the shaft portion (14c) can turn
in a horizontal direction and firstand second arm
portions (14a, 14b) projecting outward from the
shaft portion (14c) in different horizontal direc-
tions;

adoor closing arm (20) which turns with the turn-
ing piece (14) in a horizontal direction and
moves into and out of engagement with the guid-
ed member (7) with the turning of the door (A);
a biasing mechanism (50) which exerts an elas-
tic force on the first arm portion (14a) of the turn-
ing piece (14) to hold the door closing arm (20)
in a standby position in which the door closing
arm (20) stands ready to engage with the guided
member (7) when the guided member (7) is not
engaged with the door closing arm (20), and to
turn the door closing arm (20) forcedly in the
direction that closes the door (A) after the guided
member (7) engages with the door closing arm
(20); and

a direct-acting shock-absorbing mechanism
(60) which exerts a force on the second arm por-
tion (14b) of the turning piece (14) to suppress
the turning of the door closing arm (20) when
the door closing arm (20) is turning in the direc-
tion that closes the door (A), and to promote the
turning thereof when the door closing arm (20)
is turning in an opposite direction.

[0021] With the above-described structure, when the
guided member is not engaged with the door closing arm,
that is, when the door is opened wider than the degree
of opening which permits engagement between the door
closing arm and the guided member, the door closing
arm is held in the standby position by the elastic force of
the biasing mechanism. When the door is being closed,
the guided member approaches the device main body
together with the door, and,

when the degree of opening of the door reaches a pre-
determined degree of opening, the guided member en-
gages with the door closing arm. Then, when the door is
being closed further, the door closing arm starts to turn
from the standby position in the direction that closes the
door. At the same time, the elastic force of the biasing
mechanism starts to act as a force that forcedly turns the
door closing arm in the direction that closes the door.
With the forced turning of the door closing arm, the door
is being closed forcedly. At this time, the reaction of the
shock-absorbing mechanism starts to act and suppress
the turning of the door closing arm, whereby an abrupt
movement of the door is prevented. As a result, the door
is closed forcedly and noiselessly. On the other hand,

10

15

20

25

30

35

40

45

50

55

when the door is opened from a state in which the door
is closed completely, the door closing arm starts to turn
toward the standby position with the opening movement
of the door. At the same time, the repulsion (restoring
force) of the shock-absorbing mechanism starts to act
as a force that turns the door closing arm in the direction
that opens the door, whereby the turning of the door clos-
ing arm in the direction that opens the door is promoted.
This eliminates the need to apply a strong force to the
handle of the door when opening the door by hand.
[0022] Inthe door device of the invention, it is prefer-
able that the fixed component (40) be secured to an end
part of an upper frame member of the door frame, the
end part on the side opposite to the side to which the
hinge is attached. As a result of the fixed component
being attached to an end part of the upper frame member
of the door frame, the end part on the side opposite to
the side to which the hinge is attached, it is possible to
make the repulsion (restoring force) of the shock-absorb-
ing mechanism act as efficiently as possible as a force
for promoting the opening of the door when opening the
door. This makes it possible to obtain the effect of facil-
itating the opening of the door when opening the door
even when the repulsion (restoring force) of the shock-
absorbing mechanism is weak.

[0023] Inthe door device of the invention, it is prefer-
able that the fixed component (40) include a housing (70)
fixed to the door frame and having a flat rectangular par-
allelepiped shape, and the turning piece (14), the biasing
mechanism (50), and the shock-absorbing mechanism
(60) be housed in the housing (70), in a bottom plate (8b,
10a) of the housing (70), an insertion hole (8al, 10a6)
for connecting a connecting shaft (28a3) of the door clos-
ing arm (20) to the shaft portion (14c) of the turning piece
(14) be formed, and the door closing arm (20) turn along
a lower surface of the housing (70).

As described above, by adopting a structure in which the
turning piece, the biasing mechanism, and the shock-
absorbing mechanism are housed in the housing having
aflatrectangular parallelepiped shape, and the door clos-
ing arm turns along the lower surface of the housing, it
is possible to reduce the size of the fixed component
which is fixed to the door frame and achieve the door
closing device which has a simple appearance and ap-
pears to be provided as a movable part with only the door
closing arm.

[0024] Moreover, in the door device of the invention,
it is preferable that the biasing mechanism (50) include
a spring (16) exerting an elastic force on the first arm
portion (14a) of the turning piece (14),

the shock-absorbing mechanism (60) include a direct-
acting damper (19) which generates a braking force by
being compressed and pushing back in a horizontal di-
rection with the turning of the second arm portion (14b)
of the turning piece (14) when the door closing arm (20)
is turning in the direction that closes the door (A), and
the spring (16) and the damper (19) be arranged parallel
to each other. This makes it easy to reduce the size of
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the fixed component.

[0025] Furthermore, inthe door device of the invention,
it is preferable that the device main body (1) include an
adjusting unit (17) for adjusting the elastic force of the
biasing mechanism (50). This makes it possible to adjust
the turning speed of the door when it is being closed and
the reaction from the spring when the door is being
opened.

[0026] In addition, in the door device of the invention,
it is preferable that the shock-absorbing mechanism (60)
be configured such that, when the door (A) is being
closed, a force suppressing the turning of the second
arm portion (14b) of the turning piece (14) is not exerted
on the second arm portion (14b) from a point when a
latch provided on an edge face of the door (A), the edge
face on that side of the door (A) where a handle is pro-
vided, starts to engage in a latch hole provided in the
door frame. This prevents the reaction from the shock-
absorbing mechanism from acting from a point when the
latch provided on the edge face of the door starts to en-
gageinthe latch holeinthe door frame, making it possible
to close the door reliably.

[0027] Moreover, in the door device of the invention,
itis preferable that, when the door (A) is closed, the whole
of the door closing arm (20) be located under the lower
surface of the housing (70), and, when the door closing
arm (20) is in the standby position, an end thereof pro-
trude from under the lower surface of the housing (70)
toward the door (A). With this structure, when the door
is being closed, the guided member engages with the
door closing arm in a standby status with the end thereof
protruding from under the lower surface of the housing
toward the door with the turning of the door. Then, when
the door is being closed further, the door closing arm
turns in the direction that closes the door, and, when the
door is closed, the door closing arm fits under the hous-
ing, that is, the housing and the door closing arm are
placed one on top of another.

[0028] Furthermore,inthe door device ofthe invention,
it is preferable that the guided member (7) include a sup-
porting portion (30) secured to a board face of the door
(A) and a sliding part (31) jutting upward from an end of
the supporting portion (30), the door closing arm (20)
include a guide groove (27c) extending in the direction
of the radius of the turning of the door closing arm (20),
and

when the door closing arm (20) is in the standby position,
an end of the sliding part (31) be received in the guide
groove (27c) with the turning in the direction in which the
door (A) is closed.

[0029] Accordingtothe presentinvention, itis possible
to close the door noiselessly by suppressing an abrupt
turning of the door just before it is closed by the reaction
of the shock-absorbing mechanism while forcedly closing
the door by the elastic force of the biasing mechanism
when closing the door, and open the door by a weak force
by promoting the movement of the door by the repulsion
of the shock-absorbing mechanism when opening the
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door. Since a direct-acting shock-absorbing mechanism
is used as the shock-absorbing mechanism for suppress-
ing an abrupt movement of the door just before it is closed
and promoting the movement of the door when it is being
opened, it is possible to make the device main body
smaller than that of a conventional door closing device.
This makes it possible to attach the device main body to
the door frame.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

FIG. 1is a diagram of a state in which a door closing
device according to an embodiment of the invention
is attached;

FIG. 2(A) is an exploded perspective view of a device
main body of the door closing device of FIG. 1 and
FIG. 2(B) is a perspective view of the device main
body of the door closing device of FIG. 1;

FIG. 3is a perspective view of the device main body
of FIG. 1 as viewed from below;

FIG. 4 is a diagram for explaining operation of the
door closing device of FIG. 1 as viewed from above;
FIG. 5 is a diagram for explaining operation of the
door closing device of FIG. 1 as viewed from above,
the operation continued from the operation of FIG. 4;
FIG. 6 is a diagram for explaining operation of the
door closing device of FIG. 1 as viewed from below;
FIG. 7 is a diagram for explaining return operation
of the door closing device of FIG. 1;

FIG. 8 is a diagram of a state in which a conventional
door closing device is attached; and

FIG. 9 is a diagram for explaining operation of the
door closing device of FIG. 8.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0031] The best mode for carrying out the invention
will be explained with reference to FIGS. 1 to 7. In this
embodiment, the invention is applied to a so-called right-
hinged door A.

[0032] A door closing device 1 of this embodiment is
a device that makes it possible not only to close the door
A which is connected to a door frame rotatably (turnably,
in an openable and closable manner) via a hinge 5 noise-
lessly, the door frame attached to a doorway or the like
ofahouse oraroom as shownin FIG. 1, by slowing down
the door A immediately before it is closed (just before it
is closed), but also to open the door A without applying
a strong force to a handle (not shown) of the door A when
opening the door A. The door frame has an upper frame
member 2 provided in an upper edge part of an opening,
such as a doorway of a house, and vertical frame mem-
bers 3 and 4 provided in the right and left side edge parts
of the opening. The door A is rotatably connected to the
vertical frame member 4, which is one (the right-hand
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one in the figure) of the two vertical frame members 3
and 4 via the hinge 5.

[0033] The door closing device 1 has a device main
body 6 (also see FIG. 3) attached to the upper frame
member 2 and a guided member 7 attached to the door
A. The device main body 6 is attached to a portion of the
upperframe member 2, the portion near the vertical frame
member 3 on the side opposite to the vertical frame mem-
ber 4 to which the hinge 5 is attached. The guided mem-
ber 7 is attached to a portion near an upper edge of the
back surface of the door A and near an edge part thereof
to which the hinge 5 is not provided, the portion corre-
sponding to a position in which the device main body 6
is placed.

[0034] The device mainbody 6 has: a fixed component
40 fixed to the upper frame member 2 of the door frame;
a turning piece 14 having a shaft portion 14c supported
on the fixed component 40 in such a way that it can turn
in a horizontal direction and first and second arm portions
14a and 14b projecting outward from the shaft portion
14c in different horizontal directions; a door closing arm
20 which turns with the turning piece 14 in a horizontal
direction and moves into and out of engagement with the
guided member 7 with the turning of the door A; a biasing
mechanism 50 which exerts elastic repulsion on the first
arm portion 14a of the turning piece 14 to hold the door
closing arm 20 in a standby position (see FIG. 4(A)) in
whichthe door closing arm 20 can engage with the guided
member 7 when the guided member 7 is not engaged
with the door closing arm 20, and to turn the door closing
arm 20 forcedly in the direction that closes the door A
when the guided member 7 is engaged with the door
closing arm 20; and a direct-acting shock-absorbing
mechanism 60 which exerts a force on the second arm
portion 14b of the turning piece 14 to suppress the turning
of the door closing arm 20 when the door closing arm 20
is turning in the direction that closes the door A, and to
promote the turning of the door closing arm 20 when the
door closing arm 20 is turning in an opposite direction,
that is, when the door closing arm 20 is turning in the
direction that opens the door A.

[0035] The fixed component 40 has a housing 70 fixed
to the upper frame member 2 of the door frame and hav-
ing a flat rectangular parallelepiped shape. The turning
piece 14, the biasing mechanism 50, and the shock-ab-
sorbing mechanism 60 are housed in the housing 70.
[0036] In a bottom plate (8b, 10a) of the housing 70,
aninsertion hole (8a1l, 10a6) for connecting a connecting
shaft 28a3 of the door closing arm 20 to the shaft portion
14c of the turning piece 14 is formed. The door closing
arm 20 has the connecting shaft 28a3 connected to the
shaft portion 14c of the turning piece 14 through the in-
sertion hole (8al, 10a6) of the bottom plate (8b, 10a) of
the housing 70. This allows the door closing arm 20 to
turn along a lower surface of the housing 70. Incidentally,
the housing 70 has the insertion holes 8al and 10a6
formed in the upper and lower surfaces thereof, respec-
tively, the insertion holes 8al and 10a6 for connecting
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the connecting shaft 28a3 of the door closing arm 20 to
the shaft portion 14c of the turning piece 14, and can
connect the connecting shaft 28a3 of the door closing
arm 20 to the shaft portion 14c of the turning piece 14
through any one of the insertion holes 8al and 10a6.
[0037] The biasing mechanism 50 has a first slider 15
which linearly moves backward and forward in the direc-
tion of the longer sides of the housing 70 and a spring
16 which exerts elastic repulsion on the first arm portion
14a of the turning piece 14 via the first slider 15.

[0038] The shock-absorbing mechanism 60 has a di-
rect-acting damper 19 which generates a braking force
by being compressed and pushing back in a horizontal
direction with the turning of the second arm portion 14b
of the turning piece 14 when the door closing arm 20 is
turning in the direction that closes the door A.

[0039] In the housing 70, the coil spring 16 and the
damper 19 are arranged parallel to each other.

[0040] The device main body 6 has an adjusting unit
17 for adjusting the elastic repulsion of the biasing mech-
anism 50.

[0041] When the door A is closed, the whole of the
door closing arm 20 is located under the lower surface
of the housing 70 (see FIG. 5(B)); when the door closing
arm 20 is in the standby position, the end thereof pro-
trudes from under the lower surface of the housing toward
the door A (see FIG. 4(A)).

[0042] The guided member 7 has a supporting portion
30 secured to a board face of the door A and a sliding
part 31 jutting upward from the end of the supporting
portion 30.

[0043] The door closing arm 20 has a guide groove
27c extending in the direction of the radius of the turning
thereof. When the door closing arm 20 is in the standby
position, the upper end of the sliding part 31 is received
in the guide groove 27c¢ with the turning in the direction
in which the door A is closed.

[0044] The shock-absorbing mechanism 60 is config-
ured such that, when the door A is being closed, a force
suppressing the turning of the second arm portion 14b
of the turning piece 14 is not exerted on the second arm
portion 14b from a point when a latch (not shown) pro-
vided on an edge face of the door A, the edge face located
on that side of the door A where the handle is provided,
starts to engage in a latch hole (not shown) provided in
the door frame.

[0045] With the structure described above, when the
guided member 7 is not engaged with the door closing
arm 20, that is, when the door A is opened wider than
the degree of opening which permits engagement be-
tween the door closing arm 20 and the guided member
7, the door closing arm 20 is held in the standby position
by the elastic repulsion of the biasing mechanism 50
(FIG. 4(A)). When the door A is being closed, the guided
member 7 approaches the device main body 6 together
with the door A, and, when the degree of opening of the
door A reaches a predetermined degree of opening, the
guided member 7 engages with the door closing arm 20
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(FIG.6(A)). Then,whenthe door Ais being closed further,
the door closing arm 20 starts to turn from the standby
position in the direction that closes the door A. At the
same time, the elastic repulsion of the biasing mecha-
nism 50 starts to act as a force that forcedly turns the
door closing arm 20 in the direction that closes the door
A. With the forced turning of the door closing arm 20, the
door A is being closed forcedly. At this time, the reaction
of the shock-absorbing mechanism 60 starts to act and
suppress the turning of the door closing arm 20, whereby
an abrupt movement of the door A is prevented. As a
result, the door A is closed forcedly and noiselessly. On
the other hand, when the door A is opened from a state
in which the door A is closed completely (FIG. 6(B)), the
door closing arm 20 starts to turn toward the standby
position with the opening movement of the door A. At the
same time, the repulsion of the shock-absorbing mech-
anism 60 starts to act as a force that turns the door closing
arm 20 in the direction that opens the door A, whereby
the turning of the door closing arm 20 in the direction that
opens the door A is promoted. This eliminates the need
to apply a strong force to the handle of the door A when
opening the door A by hand. Since a direct-acting shock-
absorbing mechanism is used as the shock-absorbing
mechanism 60, it is possible to achieve the door closing
device 1 that can close the door A noiselessly when clos-
ing the door and can open the door A by a weak force
when opening the door without an increase in the size of
the device main body 6.

Moreover, as a result of the device main body 6 being
attached to an end part of the upper frame member 2
forming the door frame, the end part on the side opposite
to the side to which the hinge 5 is attached, it is possible
to make the repulsion (restoring force) of the shock-ab-
sorbing mechanism 60 act as efficiently as possible as
a force for promoting the opening of the door A when
opening the door A. This makes it possible to obtain the
effect of facilitating the opening of the door A when open-
ing the door A even when the repulsion (restoring force)
of the shock-absorbing mechanism 60 is weak.
Furthermore, by adopting a structure in which the turning
piece 14, the biasing mechanism 50, and the shock-ab-
sorbing mechanism 60 are housed in the housing 70 hav-
ing a flat rectangular parallelepiped shape, and the door
closing arm 20 turns along the lower surface of the hous-
ing 70, it is possible to reduce the size of the fixed com-
ponent 40 which is fixed to the upper frame member 2
of the door frame and achieve the door closing device 1
which has a simple appearance and appears to be pro-
vided as a movable part with only the door closing arm 20.
In addition, the insertion holes 8al and 10a6 for connect-
ing the connecting shaft 28a3 of the door closing arm 20
to the shaft portion 14c of the turning piece 14 are formed
respectively in the upper and lower surfaces of the hous-
ing 70, and the connecting shaft 28a3 of the door closing
arm 20 can be connected to the shaft portion 14c of the
turning piece 14 through any one of the insertion holes
8al and 10a6. This makes it possible to use the door
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closing device 1 for both a right-hinged door and a left-
hinged door.

Moreover, the spring 16 and the damper 19 are arranged
parallel to each other, making it easy to reduce the size
of the fixed component 40.

Furthermore, since the adjusting unit 17 for adjusting the
elastic force of the biasing mechanism 50 is provided, it
is possible to adjust properly the turning speed of the
door A when it is being closed and the reaction from the
spring 16 when the door is being opened.

In addition, when the door A is being closed, the reaction
from the shock-absorbing mechanism 60 is prevented
from acting from a point when the latch provided on the
edge face of the door A starts to engage in the latch hole
in the door frame. This makes it possible to close the
door A reliably.

[0046] Next, the structure of the device main body 6
will be explained in more detail.

As described above, the device main body 6 has the fixed
component 40 fixed to the upper frame member 2 of the
door frame. As shown in FIG. 2(A), the fixed component
40 has the housing 70 fixed to the upper frame member
2 of the door frame and having a flat rectangular paral-
lelepiped shape and blocks 12 and 13 fixedly provided
in the housing 70.

[0047] The housing 70 includes an outer housing main
body 8, an outer housing side plate body 9, and an inner
housing main body 10 and an inner housing upper plate
body 11 which are placed in the outer housing main body
8.

[0048] In an example of FIGS. 2(A), 4, and 5, in the
inner housing main body 10, the left fixed block 12 is
placed in a far left corner, and the right fixed block 13 is
placed in a far right corner. Between the fixed blocks 12
and 13, the turning piece 14 turnably provided near the
left fixed block 12, the first slider 15 having one side which
makes contact with a small rotor 23 of the first arm portion
14a of the turning piece 14, the spring 16 seated on a
spring washer provided on the other side of the slider 15
and biasing the slider 15 toward the left fixed block 12,
a second slider 18 having one side which makes contact
with the second arm portion 14b of the turning piece 14
to a certain point and does not make contact with it from
a certain point, and two direct-acting dampers (shock-
absorbing mechanism) 19, each being disposed such
that a movable portion 19a thereof makes contact with
the other side of the second slider 18 and a fixed portion
19b thereof makes contact with the right fixed block 13,
are provided. The adjusting unit 17 is provided in the right
fixed block 13.

[0049] Of these component members of the device
main body 6, the inner housing main body 10, the inner
housing upper plate body 11, and the members placed
in an inner housing formed with the inner housing main
body 10 and the inner housing upper plate body 11 will
be explained.

[0050] The inner housing main body 10 is, as shown
inFIG. 2(A), an elongate, thin, flat, hollow member having
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a virtually rectangular parallelepiped shape and having
an opening in the upper surface thereof. In a lower plate
10a of the inner housing main body 10, the insertion hole
(lower fit hole) 10a6 is provided rather near a left edge
ofthe lower plate 10a, a shortbearingring 21ais provided
in a manner so as to protrude therefrom along the outer
edge of the insertion hole 10a6 toward the inside of the
inner housing main body 10, and elongate guide slots
10al and 10a2, each being formed from a point which is
slightly away from the bearing ring 21a to a point near
the center of the lower plate 10a along the longer sides
thereof, are provided with a predetermined space left be-
tween them. Furthermore, in the lower plate 10a, a pro-
trusion 22 having a virtually square shape and formed
by cutting the lower plate 10a in the shape of the letter
U and folding an uncut part located along the longer sides
of the lower plate 10a toward the inside of the inner hous-
ing main body 10is provided in amanner so as to protrude
therefrom rather near the ends of the guide slots 10al
and 10a2, the ends located opposite to the bearing ring
21a, in the vicinity of the center between the guide slots
10al and 10a2, relatively large locating slots 10a3 and
10a4 (of which the slot 10a4 is not shown), each being
formed from a point rather near the end of the guide slot
10a2 to a point rather near the right edge of the lower
plate 10a, are provided at substantially equal distances
from an extension of the center line of the guide slot 10a2,
and a relatively small guide slot 10a5 is provided in a part
rather near the right edge of the lower plate 10a in such
a way that the center line thereof roughly coincides with
an extension of the center line of the guide slot 10al. In
upper edge parts of long side plates 10b of the inner
housing main body 10,

convex protruding portions 10b1 are provided with a pre-
determined space left between them. Moreover, in the
center of an upper edge part of each short side plate 10c
of the inner housing main body 10, a convex protruding
portion 10c1l is provided. Of these side plates 10c, the
one located on the right edge of the inner housing main
body 10in FIGS. 2(A), 4, and 5 has an inverted U-shaped
operating hole 10c2 formed therein, and the operating
hole 10c2 is formed in such a way that the center line of
the inverted U-shaped hole and the center line of the
guide slot 10a5 intersect one another at right angles.
Incidentally, although a detailed explanation is omitted,
a plurality of holes of various sizes provided in the lower
plate 10a are bolt holes for attaching the device main
body 6 including the inner housing main body 10 and the
like to the upper frame member 2, or pin holes for posi-
tioning of the inner housing upper plate body 11 and the
fixed blocks 12 and 13 relative to the inner housing main
body 10.

[0051] Theinner housing upper plate body 11 is a rec-
tangular, thin, flat plate-shaped member, which is mount-
ed as an upper surface plate body of the inner housing
main body 10. An insertion hole (upper fit hole) 11a of
the inner housing upper plate body 11 is provided as a
counterpart of the insertion hole 10a6 of the inner housing
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main body 10 such that it is formed to be concentric with
the insertion hole 10a6 and has the same hole diameter
as that of the insertion hole 10a6, guide slots 11b and
11coftheinner housing upper plate body 11 are provided
as counterparts of the guide slots 10al and 10a2 of the
inner housing main body 10 such that they have the same
slot width and the same slot length as those of the guide
slots 10al and 10a2, and a guide slot 11d of the inner
housing upper plate body 11 is provided as a counterpart
of the guide slot 10a5 of the inner housing main body 10
such that it has the same slot width and the same slot
length as those of the guide slot 10a5. Incidentally, also
in the inner housing upper plate body 11, as is the case
with the inner housing main body 10, a short bearing ring
21bis provided in a manner so as to protrude therefrom
along the outer edge of the insertion hole 11a on the
lower surface side of the inner housing upper plate body
11. In the longer sides of the inner housing upper plate
body 11, concave notches 11e are provided, one for each
of the protruding portions 10b1 of the inner housing main
body 10. Moreover, in the shorter sides of the inner hous-
ing upper plate body 11, concave notches 11f are pro-
vided, one for each of the protruding portions 10c1 of the
inner housing main body 10.

Furthermore, anotch 11g for preventing interference with
a flange portion 26b of an adjusting screw 26 of the ad-
justing unit 17, which will be described later, is provided
near a right-edge side, in FIG. 2(A), of the inner housing
upper plate body 11 along that side at some distance
from the guide slot 11d.

Incidentally, although a detailed explanation is omitted,
a plurality of holes of various sizes provided in the inner
housing upper plate body 11 are bolt holes for attaching
the device main body 6 including the inner housing upper
plate body 11 and the like to the upper frame member 2,
or pin holes for positioning of the inner housing upper
plate body 11 and the like as described above.

[0052] Of the members placed in the inner housing
formed with the inner housing main body 10 and the inner
housing upper plate body 11, first, the left fixed block 12
is a thin, flat block member having a virtually U shape
and formed with an elongate horizontal block 12a, a thick
and short horizontal block 12b, and a vertical block 12¢
connecting the blocks 12a and 12b. The left fixed block
12 is disposed in such a way that, when it is placed in
the inner housing main body 10, as shown in FIGS. 4
and 5, part of the shaft portion 14c of the turning piece
14 faces a U-shaped space of the left fixed block 12, the
first arm portion 14a of the turning piece 14 comes into
contact with an inclined surface 12al provided rather
near the end of the horizontal block 12a with the rotation
of the turning piece 14, and the second arm portion 14b
of the turning piece 14 comes into contact with an end
surface 12b1 of the horizontal block 12b with the rotation
of the turning piece 14.

Incidentally, although a detailed explanation is omitted,
two large and small holes provided in the left fixed block
12 are a bolt hole for attaching the device main body 6
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including the left fixed block 12 and the like to the upper
frame member 2 and a pin hole for positioning the left
fixed block 12 in the inner housing main body 10.
[0053] Therightfixed block 13 is a thin, flat block mem-
ber having a virtually L shape and formed with a large
horizontal block 13a and a vertical block 13b. From a
side surface of the horizontal block 13a, the side surface
making contact with the side plate 10c of the inner hous-
ing main body 10 when the right fixed block 13 is placed
in the inner housing main body 10, to a nearly central
part of the horizontal block 13a, a groove hole 13al in
which the adjusting unit 17 is placed along the longitudi-
nal center line of the horizontal block 13a is provided so
asto open onan upper surface (a surface making contact
with the inner housing upper plate body 11 when the right
fixed block 13 is placed in the inner housing main body
10) and a lower surface (a surface making contact with
the inner housing main body 10 when the right fixed block
13 is placed in the inner housing main body 10). On the
other hand, a through bore 13a2 communicating with the
groove hole 13al is provided so as to open on a side
surface of the horizontal block 13a, the side surface op-
posite to the side surface making contact with the side
plate 10c, and is provided in such a way that the central
axis thereof roughly coincides with the central axis of an
adjusting block 25 of the adjusting unit 17 placed in the
horizontal block 13a. As will be described later, the
through bore 13a2 is configured such that a cylindrical
portion 25b of the adjusting block 25 can enter and leave
it as the adjusting block 25 of the adjusting unit 17 moves
backward and forward. Moreover, the end face of the
fixed portion 19b of the damper 19 makes contact with a
side surface of the vertical block 13b, the side surface
located on the side opposite to the surface making con-
tact with the side plate 10c of the inner housing main
body 10 when the right fixed block 13 is placed in the
inner housing main body 10.

Incidentally, although a detailed explanation is omitted,
a plurality of holes of various sizes provided in the right
fixed block 13 are a bolt hole for attaching the device
main body 6 including the right fixed block 13 and the
like to the upper frame member 2 and a pin hole for po-
sitioning the right fixed block 13 in the inner housing main
body 10.

[0054] The turning piece 14 is a member formed with
the shaft portion 14c having a virtually short cylinder
shape and having a hole with a virtually square shape in
the center of the cylinder, the first arm portion 14a formed
on the circumference of the shaft portion 14c, the first
arm portion 14a having a tapered shape and having an
arc-shaped end, and the second arm portion 14b having
a virtually rectangle shape and having an end whose cor-
ners are chamfered, and the first arm portion 14a and
the second arm portion 14b are provided in a manner so
as to protrude from the shaft portion 14c¢ such that their
center lines form an angle of approximately 90°. On the
upper and lower surfaces of the shaft portion 14c de-
scribed above, small shaft portions 14c1, each being in
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the shape of an extremely short cylinder having a shaft
diameter smaller than that of the shaft portion 14c and
having a square hole in the center of the upper and lower
surfaces, are provided (in FIG. 2(A), only the small shaft
portion 14cl on the upper surface of the shaft portion
14c is shown), the square holes on the upper and lower
surfaces of the small shaft portions 14c1 communicate
with each other via a screw hole, and the small shaft
portion 14cl on the upper surface and the small shaft
portion 14c1 on the lower surface loosely fitin the bearing
ring 21b of the inner housing upper plate body 11 and
the bearing ring 21a of the inner housing main body 10,
respectively. Furthermore, a slit 14al in which the small
rotor 23 is placed is provided at the end of the first arm
portion 14a, and end pieces 14a2 and 14a3 of the first
arm portion 14a, the end pieces 14a2 and 14a3 facing
each other across the slit 14al, have through bores
formed to be concentric with each other. A short small-
diameter pin 24 to which the small rotor 23 is attached
is fitted into these through bores by insertion. Although
this embodiment deals with a case in which the first arm
portion 14ais provided with the small rotor 23, the present
invention is not limited thereto. When such a small rotor
23 is not provided, it goes without saying that the first
arm portion 14a makes direct contact with the first slider
15.

[0055] Thefirstslider 15isformed of athin, flatmember
having a virtually rectangular parallelepiped shape. On
a side surface 15a on one side (the side with which the
small rotor 23 of the first arm portion 14a of the turning
piece 14 makes contact) of the slider 15, an apex 15al
is provided rather near the longitudinal center line of the
inner housing main body 10, the center line located in an
offset position from the longitudinal center line of the slid-
er 15 when the slider 15 placed in the inner housing main
body 10is viewed from above, and inclined surfaces 15a2
and 15a3 which form a predetermined angle of inclination
with the apex are provided (see FIGS. 4 and 5). Moreo-
ver, on the upper and lower surfaces of the slider 15,
elongate ribs 15b1 and 15b2 (of which the rib 15b2 is not
shown) which are loosely inserted into the guide slot 11b
of the inner housing upper plate body 11 and the guide
slot 10al of the inner housing main body 10 are formed
from the side surface 15a on one side of the slider 15 to
a point near a nearly central part of the slider 15 along
the longitudinal center line of the slider 15, and the slider
15 is made to slide by being guided by the guide slots
11b and 10al. Furthermore, in the center of a side sur-
face on the other side of the slider 15, a closed-end
grooved hole 15¢ having an opening in that side surface
is provided.

[0056] The spring 16 is a common coil spring having
a predetermined spring constant. The spring 16 is insert-
ed into the grooved hole 15c of the slider 15 and the
through bore 13a2 of the right fixed block 13, and is
placed between them in such a way as to run between
them. At the same time, the spring 16 is placed between
them in such a way as to give a force to the slider 15, the
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force biasing the slider 15 toward the left fixed block 12,
by using the closed end of the grooved hole 15c as one
spring washer and the end face of the cylindrical portion
25b of the adjusting block 25 of the adjusting unit 17, the
end face entering and leaving the through bore 13a2 of
the right fixed block 13, as the other spring washer.
[0057] The adjusting unit 17 is a device for adjusting
a bias force of the spring 16, and is formed, in this em-
bodiment, with the adjusting block 25 and the adjusting
screw 26. Of them, the adjusting block 25 is formed with
a rectangular parallelepiped portion 25a and the cylindri-
cal portion 25b connected to one end face of the rectan-
gular parallelepiped portion 25a. The rectangular paral-
lelepiped portion 25a has a screw hole 25al, which is
opened on the other end face of the rectangular paral-
lelepiped portion 25a along the longitudinal central axis
thereof. Moreover, on the circumferential surface of the
cylindrical portion 25b in a part rather near the rectangular
parallelepiped portion 25a, short angular ribs 25b1 and
25b2 are formed so as to be separated from each other
by aphase angle of 180°. On the other hand, the adjusting
screw 26 is formed with a head 26a having on one end
face thereof an operation groove in which an operating
device, such as a screwdriver, engages, a flange portion
26b connected to the other end face of the head 26a,
and a screw portion 26¢ connected to the flange portion
26b, the screw portion 26¢ which is screwed into the
screw hole 25a1 of the rectangular parallelepiped portion
25a.

[0058] When such an adjusting unit 17 is mounted on
the right fixed block 13, it is mounted thereon such that
the rectangular parallelepiped portion 25a of the adjust-
ing block 25 can slide in an angular groove portion 13all
of the groove hole 13al, and, as described above, the
cylindrical portion 25b of the adjusting block 25 can enter
and leave the through bore 13a2. It is to be noted that
the ribs 25b1 and 25b2 of the adjusting block 25 are
loosely inserted respectively into the guide slot 11d of
the inner housing upper plate body 11 and the guide slot
10a5 of the inner housing main body 10 via an opening
formed in the lower surface of the groove hole 13al of
the right fixed block 13. On the other hand, the screw
portion 26c¢ of the adjusting screw 26 of the adjusting unit
17 is screwed into the screw hole 25a1l of the rectangular
parallelepiped portion 25a as described above, and the
flange portion 26b thereof is fitted into a nearly semicir-
cular groove portion 13a12 of the groove hole 13al. At
this time, a face of the head 26a of the adjusting screw
26, the face in which the operation groove of the head
26a is formed, is roughly flush with the surface of the
vertical block 13b of the right fixed block 13. In such an
adjusting unit 17, the adjusting block 25 moves backward
and forward when the adjusting screw 26 is turned, mak-
ing it possible to adjust a bias force of the spring 16.
[0059] The second slider 18 is formed of a thin, flat
member having a virtually square shape. On a side sur-
face 18a on one side (the side with which the second
arm portion 14b of the turning piece 14 makes contact)
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of the slider 18, an inclined surface 18al is formed in
such a way as to form a predetermined angle of inclina-
tion from a point near the width direction center line of
the side surface 18a of the slider 18, the center line or-
thogonal to the direction in which the slider 18 slides,
when the slider 18 placed in the inner housing main body
10 is viewed from above (see FIGS. 4 and 5). As will be
described in detail later, such an inclined surface 18al
is provided to prevent the reaction from the damper 19
from acting on the second arm portion 14b of the turning
piece 14 via the slider 18 from when the rotation of the
turning piece 14 reaches a certain point, that is, from
when the latch provided in the handle of the door A starts
to engage in the latch hole provided in the vertical frame
member 3 with the opening movement of the door A. As
described above, the end faces of the movable portions
19a of the two dampers 19 make contact with a side
surface 18b on the other side of the slider 18. Further-
more, on the upper and lower surfaces of the slider 18,
elongate ribs 18c1 and 18c2 (of which the rib 18c2 is not
shown) which are loosely inserted into the guide slot 11c
of the inner housing upper plate body 11 and the guide
slot 10a2 of the inner housing main body 10 are formed
along the center line of the slider 18, the center line con-
necting the side surface 18a and the side surface 18b
when the slider 18 is viewed from above, and the slider
18 is made to slide by being guided by the guide slots
11c and 10a2.

[0060] The damper 19 is a shock absorber having a
predetermined damping coefficient, and is of the direct
acting type formed with the movable portion 19a that can
move backward and forward and the fixed portion 19b
that allows the movable portion 19a to appear and dis-
appear, the fixed portion 19b in which a viscous fluid,
suchassiliconoil, is encapsulated. This makes it possible
to make the device main body 6 compact and attach it
to the door frame. When the damper 19 is mounted on
the inner housing main body 10, it is mounted thereon
such that the fixed portion 19b thereof is properly posi-
tioned based on the locating slots 10a3 and 10a4 (of
which the slot 10a4 is not shown) and the protrusion 22
of the inner housing main body 10, and, as described
above, the fixed portion 19b is made to make contact
with the vertical block 13b of the right fixed block 13 and
the end face of the movable portion 19a is made to make
contact with the side surface 18b of the slider 18 such
that an acting force of the damper 19 acts on the slider
18. Although this embodiment deals with a case in which
the two dampers 19 placed parallel to each other are
used, the present invention is not limited thereto. De-
pending on the specifications, three or more dampers
19, for example, may be placed parallel to one another,
or one damper, which s larger in capacity than the damp-
er 19 may be placed.

[0061] The door closing arm 20 is a thin, flat plate-
shaped member having a virtually rectangle shape, and,
in this embodiment, has a cross section in the shape of
a circular truncated cone, the cross section taken along
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the longitudinal center line of this member, as shown in
FIGS. 1 and 3. On an upper surface side of the circular
truncated cone, an upper bottom surface (one surface of
the arm (a back surface in FIG. 2(A))) 27 is formed, on
alower surface side of the circular truncated cone, a low-
er bottom surface (the other surface of the arm (a front
surface in FIG. 2(A))) 28 is formed, and an inclined sur-
face 27d having a predetermined inclination is formed by
agenerating line of the circular truncated cone. The upper
bottom surface 27 has a stepped hole 27a formed in the
center at one end of the upper bottom surface 27, an
opening 27b formed at the other end of the upper bottom
surface 27, the opening whose width becomes wider as
itgets closertothe open end, and the guide groove (guide
portion) 27c¢ formed from the opening 27b to a point near
the center of the door closing arm 20 along the longitu-
dinal center line of the door closing arm 20, the guide
groove 27c in which the sliding part 31 of the guided
member 7 slides (see FIG. 3). Moreover, in a part of the
lower bottom surface 28, the part rather near an end
thereof opposite to the end of the upper bottom surface
27 at which the opening 27b is formed, a mount 28a is
provided in a manner so as to protrude therefrom. The
mount 28a is formed with a large-diameter fit shaft 28a1
in the shape of a short large-diameter cylinder whose
center coincides with the center of the stepped hole 27a,
a short small-diameter fit shaft 28a2 in the shape of a
short small-diameter cylinder, the small-diameter fit shaft
28a2 put and firmly fixed on the fit shaft 28al, and the
short connecting shaft 28a3 in the shape of a square, the
connecting shaft 28a3 put and firmly fixed on the fit shaft
28a2. In the center of the fit shafts 28al and 28a2 and
the connecting shaft 28a3, a screw hole into which a
mounting bolt 29 is screwed is formed.

[0062] When the door closing arm 20 is mounted in
such away as to operate simultaneously with the turning
of the turning piece 14, since the turning piece 14 is
placed in the inner housing main body 10 and the inner
housing main body 10 is inserted into the outer housing
main body 8, the fit shaft 28a1 of the mount 28a is loosely
fitted into the insertion hole 8b1 (which is not shown in
the figure) of the outer housing main body 8, which will
be described later, the fit shaft 28a2 of the mount 28a is
loosely fitted into the bearing ring 21a of the inner housing
main body 10, and the connecting shaft 28a3 of the mount
28a is loosely fitted into a square hole of the small shaft
portion 14c1 of the shaft portion 14c of the turning piece
14, and then the mounting bolt 29 is screwed into the
screw hole of the fit shafts 28al and 28a2 and the con-
necting shaft 28a3 of the mount 28a from the upper bot-
tom surface 27 side of the door closing arm 20. At this
time, the mounting bolt 29 is mounted by screwing it into
the screw hole in such a way that the head thereof is
buried in the stepped hole 27a and the end of the screw
portion thereof does not stick out from the small shaft
portion 14c1 side of the turning piece 14 (see FIG. 3).
[0063] Next, the outer housing main body 8 and the
outer housing side plate body 9 will be described. The
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outer housing main body 8is an elongate, thin, flat, hollow
member having a virtually rectangular parallelepiped
shape and having an opening in one edge thereof running
in the longer-side direction. In this member, the inner
housing formed with the inner housing main body 10 and
the inner housing upper plate body 11 is housed. In an
upper plate body 8a and a lower plate body 8b of the
outer housing main body 8, the insertion hole (upper fit
hole) 8al and the insertion hole (lower fit hole) 8b1 (of
which only the insertion hole 8al is shown in FIG. 2(A))
are respectively provided as counterparts of the insertion
hole 11a of the inner housing upper plate body 11 and
the insertion hole 10a6 of the inner housing main body
10, and a guide slot 8a2 and a guide slot 8b2 (of which
only the guide slot 8a2 is shown in FIG. 2(A)) are respec-
tively provided as counterparts of the guide slot 11d of
the inner housing upper plate body 11 and the guide slot
10a5 of the inner housing main body 10. Incidentally, tick
marks shown in FIGS. 2 and 3 are placed near the guide
slot 8a2 and the guide slot 8b2 for convenience in ad-
justing a bias force of the spring 16. Furthermore, notch
portions 8a3 and 8a4 are provided with a predetermined
space left between them at a longer edge of the upper
plate body 8a, the longer edge bordering the opening of
the outer housing main body 8, and notch portions 8b3
and 8b4 are provided with a predetermined space left
between them at a longer edge of the lower plate body
8b, the longer edge bordering the opening of the outer
housing main body 8. These notch portions are provided
in such a way that the notch portion 8a3 faces the notch
portion 8b3 and the notch portion 8a4 faces the notch
portion 8b4. Still further, in a side plate 8c of the outer
housing main body 8, the side plate 8c facing the side
plate 10c of the inner housing main body 10 in which the
operating hole 10c2 is provided, a circular operating hole
8cl is provided as a counterpart of the operating hole
10c2. Incidentally, two holes provided in the upper plate
body 8a and the lower plate body 8b are bolt holes for
attaching the device main body 6 including the outer
housing main body 8 and the like to the upper frame
member 2.

[0064] The outer housing side plate body 9 is a rec-
tangular, thin, flat plate-shaped member, which is mount-
ed as a side plate body of the outer housing main body
8. At the edges of the longer sides of the back surface
of the outer housing side plate body 9, locking lugs 9al
and 9a2 are provided inamanner so as to protrude there-
from for the notch portions 8a3 and 8a4, respectively, of
the outer housing main body 8, and locking lugs 9a3 and
9a4 are provided in a manner so as to protrude therefrom
for the notch portions 8b3 and 8b4, respectively, of the
outer housing main body 8. By locking the locking lug
9al and the like in the notch portion 8a3 and the like, the
housing 70 shown in FIG. 2(B) is assembled. Then, by
connecting the turning piece 14 inside the housing 70
and the door closing arm 20 outside the housing 70 to
the assembled housing 70 by the mounting bolt 29, as-
sembly of the device main body 6 is completed (see FIG.
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3).

[0065] Next, the guided member 7 according to the
embodiment will be explained with reference to FIGS. 1,
6, and 7.

[0066] The guided member 7 has the supporting por-
tion 30 having a virtually isosceles triangle shape in ap-
pearance as seen in a plan view. A part corresponding
to the base of the isosceles triangle is attached to the
door A, and the sliding part 31 in the shape of an elongate
cylinder, the sliding part 31 to which a stop ring 32 is
attached at a lowermost end thereof, is inserted into an
insertion hole (not shown) provided near a part corre-
sponding to the apex of the isosceles triangle in such a
way that the sliding part 31 can move up and down. When
no external force acts on the sliding part 31, an upper
end part of the sliding part 31 protrudes from an upper
surface 30a of a block member 30 by a bias force of a
spring (not shown) placed in the insertion hole, and the
stop ring 32 thereof is locked in a lower surface 30b of
the block member 30. When an external force acts on
the sliding part 31, the sliding part 31 is pushed down
against the bias force of the spring, and the locking of
the stop ring 32 is released (see FIG. 7).

[0067] Next, how the door closing device 1 operates
will be explained with reference to FIGS. 4 to 6.

First, an outline of operation of the door closing device 1
is explained with reference to FIG. 6.

When the door A is opened in a state shown in FIG. 1 in
which the device main body 6 and the guided member 7
are not engaged with each other, the door closing arm
20 of the device main body 6 is held in an angular position
corresponding to a predetermined closing angle at which
it can engage with the sliding part 31 of the guided mem-
ber 7.

From this state, the door starts to be closed by means of
the handle of the door A, and, when the door A reaches
a point immediately before the closing movement of the
door closing device 1, that is, a position shown in FIG. 6
(A) (in this embodiment, a position forming an angle of
about 15° in the figure), the sliding part 31 starts to en-
gage in the guide groove 27c of the door closing arm 20.
After this, in synchronism with the relative movement of
the sliding part 31 along the guide groove 27c¢ of the door
closing arm 20, the door A is being closed forcedly and,
evenwhenitis being closed at high closing speed, noise-
lessly as a result of the speed being reduced, as will be
described later, and enters a state shown in FIG. 6(B).
On the other hand, to open the door A from a state shown
in FIG. 6(B) through a state shown in FIG. 6(A), itis nec-
essary simply to open the latch by grasping the handle
of the door A and then apply a force to the handle. At this
time, as described above, the installation positions of the
device main body 6 and the guided member 7 make it
possible to open the door A without applying a strong
force to the handle of the door A. Furthermore, as will be
described later, since the rotation of the door closing arm
20 is promoted by the damper 19, it is possible to reduce
the force applied to the handle of the door A.
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[0068] Next, the workings that enable the above-de-
scribed operation of the door closing device 1 shown in
FIG. 6 will be explained with reference to FIGS. 4 and 5.
It is to be noted that the door A and the guided member
7 are not shown in FIGS. 4 and 5.

[0069] Asisthe case with FIG. 6(A), FIG. 4 (A) depicts
a state immediately before the closing movement of the
door closing device 1, the state in which the door closing
arm 20 of the device main body 6 is held in an angular
position corresponding to a predetermined closing angle
at which it can engage with the sliding part 31 of the
guided member 7. At this time, since the turning piece
14 is subjected to a clockwise moment in FIG. 4(A) from
the spring 16 via the slider 15 as a result of the small
rotor 23 of the turning piece 14 coming into contact with
the slider 15 on the inclined surface 15a2 of the slider
15, and is subjected to a counterclockwise moment from
the left fixed block 12 as aresult of the second arm portion
14b of the turning piece 14 coming into contact with the
end surface 12b1 of the left fixed block 12, the door clos-
ing arm 20 is held in an angular position corresponding
to the above-described predetermined closing angle. On
the other hand, in this embodiment, the damper 19 is set
S0 as not to exert a force on the second arm portion 14b
via the slider 18.

[0070] Then, when a force is applied to the door A to
make the door closing device 1 start the door closing
movement from the state shown in FIG. 4(A), the turning
piece 14 enters a state in which the small rotor 23 of the
turning piece 14 gets over the apex 15al of the slider 15
and comes into contact with the slider 15 on the inclined
surface 15a3, that is, a state shown in FIG. 4(B). In this
state,

since the turning piece 14 is subjected to a counterclock-
wise moment (the direction of an arrow Al in the figure)
in FIG. 4(B) by the elastic repulsion (such elastic repul-
sion can be adjusted as appropriate by the adjusting unit
17) of the spring 16, the elastic repulsion provided via
the slider 15, the door closing arm 20 is also subjected
to a counterclockwise moment (the direction of an arrow
A2 in the figure), whereby the door A is automatically
closed further. At this time, since the damper 19 makes
the side surface 18a of the second slider 18 come into
contact with the second arm portion 14b of the turning
piece 14, and provides a clockwise momentto the turning
piece 14 via the second slider 18, the speed of counter-
clockwise rotation of the turning piece 14 is suppressed
and reduced. Then, when the turning piece 14 rotates
and reaches a state shown in FIG. 5(A), that is, reaches
a point when the latch provided in the handle of the door
A starts to engage in the latch hole provided in the vertical
frame member 3 with the closing of the door A,

the turning piece 14 is subjected continuously to a coun-
terclockwise moment by a bias force of the spring 16 in
a manner similar to that described above until it enters a
state shown in FIG. 5(B). As a result, the door closing
arm 20 is also subjected continuously to a counterclock-
wise moment. However, since a part in which the second
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arm portion 14b of the turning piece 14 makes contact
with the slider 18 is changed to the inclined surface 18al
of the slider 18, the reaction from the damper 19 ceases
to acton the turning piece 14 via the slider 18. As a result,
only the counterclockwise moment by the spring 16 acts
on the turning piece 14. This ensures that the latch en-
gages in the latch hole, making it possible to obtain a
reliable closed state of the door A.

[0071] Inthe state showninFIG.5(B), theturning piece
14 is subjected to a counterclockwise moment in FIG. 5
(B) as described above, and the first arm portion 14a of
the turning piece 14 makes contact with the inclined sur-
face 12al of the left fixed block 12 and is subjected to a
clockwise moment from the left fixed block 12, whereby
the balance is achieved. As a result, the closed state of
the door A is maintained.

[0072] Toopenthe door Afromthe state shown in FIG.
5(B), that is, the state in which the door A is closed com-
pletely, itis necessary simply to open the latch by grasp-
ing the handle of the door A and then apply a force to the
handle, the force counteracting the bias force (such a
bias force can be adjusted as appropriate by the adjusting
unit 17) of the spring 16, the bias force provided to the
turning piece 14 via the slider 15. The force applied at
this time can be reduced in the door closing device 1 in
which the installation positions of the device main body
6 and the guided member 7 are adopted as described
above as compared with the conventional one. Further-
more, since the damper 19 comes into contact with the
second arm portion 14b of the turning piece 14 via the
slider 18, and starts to provide a clockwise moment in
FIG. 5(A) (the direction of an arrow B1 in the figure) to
the turning piece 14, the door closing arm 20 is also pro-
vided with a clockwise moment (the direction of an arrow
B2 in the figure). This promotes the clockwise rotation of
the door closing arm 20, whereby the force applied to the
door A can be further reduced.

Incidentally, it goes without saying that, when the door
closing arm 20 of the device main body 6 goes out of
engagement with the sliding part 31 of the guided mem-
ber 7 with the progress of the opening movement of the
door A, the door closing arm 20 is held in an angular
position corresponding to a predetermined closing angle
at which it can engage with the sliding part 31.

[0073] Next, with reference to FIG. 7, how to return the
door closing arm 20 to the above-described angular po-
sition when the angular position of the door closing arm
20 of the device main body 6, the door closing arm 20
which has been held in the angular position correspond-
ing to the above-described predetermined closing angle,
is changed for some reasons will be explained.

[0074] In the door closing device 1, even when the
above-described angular position is changed, by turning
the door A in the direction that closes the door (the di-
rection indicated by an arrow in the figure) as shown in
FIG. 7(A), in other words, by bringing the guided member
7 closer to the device main body 6, thereby making the
sliding part 31 of the guided member 7 come into contact
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with the inclined surface 27d of the door closing arm 20,
and turning the door A in the direction of the arrow while
keeping the sliding part 31 in contact with the inclined
surface 27d, as shown in FIG. 7(B), the sliding part 31
protruding from the upper surface 30a of the block mem-
ber 30 receives a force from the door closing arm 20 and
is pushed down against a force of the spring attached to
the guided member 7, and a lower end part of the sliding
part 31 protrudes from the lower surface 30b of the block
member 30 by the same amount by which the sliding part
31 is pushed down. Then, when the door A is turned
continuously in the direction of the arrow while keeping
such a contact state, as shown in FIG. 7(C), the sliding
part 31 passes the inclined surface 27d and a horizontal
surface portion of the door closing arm 20, and is then
inserted into the guide groove 27c, whereby the door
closing arm 20 is engaged with the sliding part 31. As a
result, the stop ring 32 is locked in the lower surface 30b
of the block member 30.

[0075] Whenthe door A is opened after the sliding part
31lis engaged in the guide groove 27c of the door closing
arm 20 as described above, the door opening movement
progresses through the above-described state shown in
FIG. 7(C). Then, after engagement between the door
closing arm 20 and the sliding part 31 is released, the
door closing arm 20 is held in an angular position corre-
sponding to a predetermined closing angle at which it
can engage with the sliding part 31. In this way, the door
closing arm 20 is returned to the above-described angu-
lar position.

[0076] Incidentally, asin this embodiment, for the right-
hinged door A, the door closing arm 20 is attached to the
lower plate body 8b of the outer housing main body 8 of
the device main body 6 via the mount 28a. The door
closing device 1 can support a left-hinged door by attach-
ing the door closing arm 20 to the upper plate body 8a
of the outer housing main body 8 of the device main body
6 via the mount 28a of the door closing arm 20. Specifi-
cally, the door closing device 1 can support a left-hinged
door by loosely fitting, in the door closing arm 20, the
large-diameter fit shaft 28al of the mount 28a into the
insertion hole 8al of the outer housing main body 8, the
small-diameter fit shaft 28a2 of the mount 28a into the
bearing ring 21b of the inner housing upper plate body
11, and the connecting shaft 28a3 of the mount 28a into
the square hole of the small shaft portion 14cl of the
shaft portion 14c of the turning piece 14, and then screw-
ing the mounting bolt 29 into the screw hole of the fit
shafts 28al and 28a2 and the connecting shaft 28a3 of
the mount 28a from the upper bottom surface 27 side of
the door closing arm 20. Therefore, since the door closing
device 1 can be used for both a right-hinged door and a
left-hinged door, itis easy to use at the time of installation.
[0077] The door closing device of the invention can be
used widely and commonly as a device of this type be-
cause it has a device structure in which the device main
body is made compact by adopting a direct acting-type
shock absorber as the shock absorber which is attached
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to the device main body, making it possible to attach the
device main body to a narrow portion of the door frame,
and has a device structure in which the shock absorber
is made to operate so as to close the door noiselessly
by reducing the closing speed of the door when the door
is being closed and to facilitate the opening movement
of the door when the door is being opened, such that the
door can be opened without the application of a strong
force to the handle of the door.

Claims

1. Adoor closing device (1) forcedly closing a door (A)
which is connected to a door frame via a hinge (5)
in such away that the door (A) canturnin a horizontal
direction, the door closing device (1) comprising:

a device main body (6) attached to the door
frame; and

a guided member (7) fixed to the door (A),
wherein

the device main body (6) comprises:

a fixed component (40) fixed to an upper
edge part of an opening of the door frame;
aturning piece (14) including a shaft portion
(14c) supported on the fixed component
(40) in such a way that the shaft portion
(14c) can turn in a horizontal direction and
first and second arm portions (14a, 14b)
projecting outward from the shaft portion
(14c) in different horizontal directions;

a door closing arm (20) which turns with the
turning piece (14) in a horizontal direction
and moves into and out of engagement with
the guided member (7) with a turning of the
door (A);

a biasing mechanism (50) which exerts an
elastic force on the first arm portion (14a)
of the turning piece (14) to hold the door
closing arm (20) in a standby position in
which the door closing arm (20) stands
ready to engage with the guided member
(7) when the guided member (7) is not en-
gaged with the door closing arm (20), and
to turn the door closing arm (20) forcedly in
a direction that closes the door (A) after the
guided member (7) engages with the door
closing arm (20); and

a direct-acting shock-absorbing mecha-
nism (60) which exerts a force on the sec-
ond arm portion (14b) of the turning piece
(14) to suppress a turning of the door closing
arm (20) when the door closing arm (20) is
turning in a direction that closes the door
(A), and to promote the turning thereof when
the door closing arm (20) is turning in an
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opposite direction.

The door closing device according to claim 1, where-
in

the fixed component (40) includes a housing (70)
fixed to the door frame and having a flat rectangular
parallelepiped shape,

the turning piece (14), the biasing mechanism (50),
and the shock-absorbing mechanism (60) are
housed in the housing (70),

in a bottom plate (8b, 10a) of the housing (70), an
insertion hole (8al, 10a6) for connecting a connect-
ing shaft (28a3) of the door closing arm (20) to the
shaft portion (14c) of the turning piece (14) is formed,
and

the door closing arm (20) turns along a lower surface
of the housing (70).

The door closing device according to claim 2, where-
in the biasing mechanism (50) includes a spring (16)
exerting an elastic force on the first arm portion (14a)
of the turning piece (14),

the shock-absorbing mechanism (60) includes a di-
rect-acting damper (19) which generates a braking
force by being compressed and pushing back in a
horizontal direction with a turning of the second arm
portion (14b) of the turning piece (14) when the door
closing arm (20) is turning in a direction that closes
the door (A), and

the spring (16) and the damper (19) are arranged
parallel to each other.

The door closing device according to claim 3, where-
in the device main body (1) includes an adjusting
unit (17) for adjusting the elastic force of the biasing
mechanism (50).

The door closing device according to claim 2, where-
in

when the door (A) is closed, a whole of the door
closing arm (20) is located under the lower surface
of the housing (70), and

when the door closing arm (20) is in the standby po-
sition, an end thereof protrudes from under the lower
surface of the housing (70) toward the door (A).

The door closing device according to claim 5, where-
in the guided member (7) includes a supporting por-
tion (30) secured to a board face of the door (A) and
a sliding part (31) jutting upward from an end of the
supporting portion (30),

the door closing arm (20) includes a guide groove
(27c) extending in adirection of aradius of the turning
of the door closing arm (20), and

when the door closing arm (20) is in the standby po-
sition, an end of the sliding part (31) is received in
the guide groove (27c) with the turning in a direction
in which the door (A) is closed.
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The door closing device according to any one of
claims 1 to 6, wherein

the shock-absorbing mechanism (60) is configured
such that, when the door (A) is being closed, a force
suppressing a turning of the second arm portion
(14b) of the turning piece (14) is not exerted on the
second arm portion (14b) from a point when a latch
provided on an edge face of the door (A), the edge
face located on that side of the door (A) where a
handle is provided, starts to engage in a latch hole
provided in the door frame.

A door device comprising:

a door frame;

a door (A) which is connected to the door frame
via a hinge (5) in such a way that the door (A)
can turn in a horizontal direction; and

a door closing device (1) forcedly closing the
door (A),

wherein
the door closing device (1) includes:

a device main body (6) attached to the door
frame; and

a guided member (7) fixed to the door (A), and
the device main body (6) includes:

a fixed component (40) fixed to an upper
edge part of an opening of the door frame;
aturning piece (14) including a shaft portion
(14c) supported on the fixed component
(40) in such a way that the shaft portion
(14c) can turn in a horizontal direction and
first and second arm portions (14a, 14b)
projecting outward from the shaft portion
(14c) in different horizontal directions;

a door closing arm (20) which turns with the
turning piece (14) in a horizontal direction
and moves into and out of engagement with
the guided member (7) with a turning of the
door (A);

a biasing mechanism (50) which exerts an
elastic force on the first arm portion (14a)
of the turning piece (14) to hold the door
closing arm (20) in a standby position in
which the door closing arm (20) stands
ready to engage with the guided member
(7) when the guided member (7) is not en-
gaged with the door closing arm (20), and
to turn the door closing arm (20) forcedly in
a direction that closes the door (A) after the
guided member (7) engages with the door
closing arm (20); and

a direct-acting shock-absorbing mecha-
nism (60) which exerts a force on the sec-
ond arm portion (14b) of the turning piece
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12.

13.

14.

30

(14) to suppress aturning of the door closing
arm (20) when the door closing arm (20) is
turning in a direction that closes the door
(A), and to promote the turning thereof when
the door closing arm (20) is turning in an
opposite direction.

The door device according to claim 8, wherein

the fixed component (40) is secured to an end part
of an upper frame member forming the door frame,
the end part on a side opposite to a side to which
the hinge is attached.

The door device according to claim 8 or 9, wherein
the fixed component (40) includes a housing (70)
fixed to the door frame and having a flat rectangular
parallelepiped shape,

the turning piece (14), the biasing mechanism (50),
and the shock-absorbing mechanism (60) are
housed in the housing (70),

in a bottom plate (8b, 10a) of the housing (70), an
insertion hole (8al, 10a6) for connecting a connect-
ing shaft (28a3) of the door closing arm (20) to the
shaft portion (14c) of the turning piece (14) is formed,
and

the door closing arm (20) turns along a lower surface
of the housing (70).

The door device according to claim 10, wherein
the biasing mechanism (50) includes a spring (16)
exerting an elastic force on the first arm portion (14a)
of the turning piece (14),

the shock-absorbing mechanism (60) includes a di-
rect-acting damper (19) which generates a braking
force by being compressed and pushing back in a
horizontal direction with a turning of the second arm
portion (14b) of the turning piece (14) when the door
closing arm (20) is turning in a direction that closes
the door (A), and

the spring (16) and the damper (19) are arranged
parallel to each other.

The door device according to claim 11, wherein
the device main body (1) includes an adjusting unit
(17) for adjusting the elastic force of the biasing
mechanism (50).

The door device according to claim 8, wherein
when the door (A) is closed, a whole of the door
closing arm (20) is located under the lower surface
of the housing (70), and

when the door closing arm (20) is in the standby po-
sition, an end thereof protrudes from under the lower
surface of the housing (70) toward the door (A).

The door device according to claim 12, wherein
the guided member (7) includes a supporting portion
(30) secured to a board face of the door (A) and a
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sliding part (31) jutting upward from an end of the
supporting portion (30),

the door closing arm (20) includes a guide groove
(27c) extending in adirection of aradius of the turning
of the door closing arm (20), and

when the door closing arm (20) is in the standby po-
sition, an end of the sliding part (31) is received in
the guide groove (27c) with the turning in a direction
in which the door (A) is closed.

The door device according to any one of claims 11
to 14, wherein

the shock-absorbing mechanism (60) is configured
such that, when the door (A) is being closed, a force
suppressing a turning of the second arm portion
(14b) of the turning piece (14) is not exerted on the
second arm portion (14b) from a point when a latch
provided on an edge face of the door (A), the edge
face on that side of the door (A) where a handle is
provided, starts to engage in a latch hole provided
in the door frame.
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