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(54) DOOR SUSPENSION APPARATUS AND DOOR APPARATUS EQUIPPED WITH THE SAME

(57) Disclosed is a door suspension apparatus that
is capable of adjusting the position of a door in the open-
ing and closing direction thereof without adjusting the
positions of a locking portion and a locked portion of a
locking device. A drive connection portion (21) is provid-
ed with one of a locking portion (17) and a locked portion
(18) of a locking device (13) for locking a door (11) to a
structure in a fully closed position through locking be-
tween the locking portion (17) and the locked portion (18),
and is connected to an open-close drive mechanism (12).

A door roller portion (22) is connected to the door (11)
and provided with door rollers (36a, 36b, 36c) that travel
on a rail (19) fixed in the structure, and that supports the
door (11) in a state in which the door (11) is suspended
to the rail (19) so as to be slidably moved. A variable
connection portion (23) connects the drive connection
portion (21) to the door roller portion t (22) such that the
relative position between the drive connection portion
(21) and the door roller portion (22) along the lengthwise
direction of the rail (19) can be changed
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Description

Technical Field

[0001] The present invention relates to a door suspen-
sion apparatus that holds a door provided in a structure
and driven to be opened and closed by an open-close
drive mechanism, in a state in which the door is suspend-
ed to the structure so as to be slidably moved, and that
is connected to the open-close drive mechanism, and a
door apparatus equipped with the door suspension ap-
paratus.

Background Art

[0002] Conventionally, door suspension apparatuses
that hold a door provided in a structure and driven to be
opened and closed by an open-close drive mechanism,
in a state in which the door is suspended to the structure
so as to be slidably moved, and that is connected to the
open-close drive mechanism are known (for example,
see Patent Documents 1 and 2). Patent Documents 1
and 2 disclose door suspension apparatuses in each of
which, in a railroad vehicle as a structure, a door sus-
pended by the door suspension apparatus is driven to
be opened and closed by an open-close drive mecha-
nism connected to the door suspension apparatus. In the
door suspension apparatuses disclosed in Patent Doc-
uments 1 and 2, door rollers that travel on a rail are pro-
vided, and the door is held in a state in which the door is
suspended to the structure, which is a side wall of the
railroad vehicle, so as to be slidably moved.
[0003] As disclosed in Patent Document 2, when the
door is suspended by the door suspension apparatus are
a side door through which passengers get on and off from
the railroad vehicle, a locking device is provided that locks
the door on the structure side in a fully closed position
through locking between a locking portion and a locked
portion. In the locking device disclosed in Patent Docu-
ment 2, the locking portion is configured as a pivot mem-
ber provided pivotably on the structure side. Also, the
locking portion is configured to be engaged with a locked
portion provided as an engagement pin attached to the
door via a bracket on the door leading end side of the
door (the side on which the end in the opening direction
of the door is located).

Citation List

Patent Documents

[0004]

Patent Document 1: JP 2002-309849A
Patent Document 2: JP 2002-89109A

Disclosure of the Invention

Problem to be Solved by the Invention

[0005] When a door that can be locked by a locking
device as disclosed in Patent Document 2 in the fully
closed position is installed in a structure, a worker per-
forming the installation operation first adjusts the position
of the door in the up-down direction (height direction).
Next, the worker moves the door together with the door
suspension apparatus such that the opening of the door
is fully closed in the fully closed position of the open-close
drive mechanism, thus adjusting the position of the door
in the opening and closing direction. In a state in which
the adjustment of the door position is completed in this
manner, the positional relationship between the locking
portion and the locked portion that are provided on the
structure side and the door side, respectively, still re-
mains in a displaced state. Therefore, it is necessary to
cause the locking portion and the locked portion to be
appropriately locked to each other in the fully closed po-
sition of the door such that the locking device can be
operated. Accordingly, the operation of adjusting the po-
sitions between the locking portion and the locked portion
is further performed.
[0006] When the door is installed in the structure to-
gether with the door suspension apparatus, as described
above, the operation of adjusting the positions of the lock-
ing portion and the locked portion of the locking device
is also necessary in addition to the operation of adjusting
the position of the door in the opening and closing direc-
tion. However, the space in which the door suspension
apparatus and the locking device are housed above the
opening is usually very small, and therefore it is consid-
erably difficult to further perform the positional adjust-
ment operation between the locking portion and the
locked portion of the locking device in a state in which
the positional adjustment of the door has been complet-
ed. Furthermore, in a method that is usually adopted to
perform the positional adjustment between the locking
portion and the locked portion, it is often the case that
the positions of predetermined members are adjusted
with respect to a long hole and then the positions are
fixed by fastening bolts. Especially in such a case, it is
likely that the positions of the predetermined members
with respect to the long hole are displaced when the bolts
are fully tightened. This results in a problem in that the
positional adjustment between the locking portion and
the locked portion is considerably difficult and requires
great time and effort.
[0007] In view of the foregoing circumstances, an ob-
ject of the present invention is to provide a door suspen-
sion apparatus that is capable of, when a door that can
be locked to a fully closed position by a locking device is
installed in a structure, performing the positional adjust-
ment operation of the door in the opening and closing
direction without performing the positional adjustment
operation between a locking portion and a locked portion
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of the locking device, and another object thereof is to
provide a door apparatus equipped with the door sus-
pension apparatus.

Means for Solving the Problem

[0008] A first aspect of a door suspension apparatus
of the present invention for achieving the above-de-
scribed objects relates to a door suspension apparatus
that supports a door provided in a structure and driven
to be opened and closed by an open-close drive mech-
anism, in a state in which the door is suspended to the
structure so as to be slidably moved, and that is connect-
ed to the open-close drive mechanism. The door sus-
pension apparatus of the first aspect includes: a drive
connection portion that is provided with one of a locking
portion and a locked portion of a locking device for locking
the door to the structure in a fully closed position through
locking between the locking portion and the locked por-
tion, and that is connected to the open-close drive mech-
anism; a door roller portion that includes a door roller
traveling on a rail fixed in the structure, that is connected
to the door, and that supports the door in a state in which
the door is suspended to the rail so as to be slidably
moved; and a variable connection portion that connects
the drive connection portion to the door roller portion such
that a relative position between the drive connection por-
tion and the door roller portion in a direction along a
lengthwise direction of the rail can be changed.
[0009] According to this aspect of the invention, when
a door is installed in a structure, the worker performing
the installation operation first adjusts the position of the
door in the up-down direction. Then, the worker causes
one of the locking portion and the locked portion provided
in the drive connection portion to be locked to the other
of the locking portion and the locked portion provided on
the structure side, thus bringing about a state that is the
same as a state in which the locking device has been
operated. In this state, the worker causes the door roller
portion supporting the door in a suspended manner to
be slidably moved relative to the rail together with the
door, while adjusting, with the variable connection por-
tion, the relative position between the drive connection
portion and the door roller portion in a direction along the
lengthwise direction of the rail. Then, the worker adjusts
the position of the door in the opening and closing direc-
tion such that the opening of the door is fully closed in
the fully closed position of the open-close drive mecha-
nism. Finally, in a state in which the door has reached
an appropriate position in the opening and closing direc-
tion, the position of the drive connection portion and the
door roller portion to each other is fixed, completing the
positional adjustment operation of the door in the opening
and closing direction. At this time, the locking device is
in a state in which the locking portion and the locked
portion remain locked throughout the positional adjust-
ment operation of the door in the opening and closing
direction. Accordingly, concurrently with completion of

the positional adjustment operation of the door in the
opening and closing direction, a state is realized in which
the locking portion and the locked portion are appropri-
ately locked to each other and the locking device can be
operated in the fully closed position of the door. Accord-
ingly, it is not necessary to further perform, after comple-
tion of the positional adjustment operation of the door in
the opening and closing direction, a conventionally re-
quired troublesome operation in which the positional ad-
justment between the locking portion and the locked por-
tion of the locking device is performed in a considerably
small space. This makes it possible to perform the posi-
tional adjustment of the door in the opening and closing
direction without performing the positional adjustment
between the locking portion and the locked portion. Ac-
cordingly, when the door is installed in a structure, for
example, during installation in which the door is newly
attached or when the open-close drive mechanism, the
door, and the like are re-attached after maintenance, it
is possible to significantly reduce the burden of the op-
eration, thus reducing the operation time.
[0010] Therefore, according to the present invention,
it is possible to provide a door suspension apparatus that
enables, when the door that can be locked in the fully
closed position by the locking device is installed in a struc-
ture, the positional adjustment operation of the door in
the opening and closing direction to be performed without
performing the positional adjustment operation between
the locking portion and the locked portion of the locking
device.
[0011] According to a second aspect of a door suspen-
sion apparatus of the present invention, in the door sus-
pension apparatus of the first aspect, the door roller por-
tion includes a first hole portion that is formed there-
through so as to extend along the lengthwise direction
of the rail, the drive connection portion includes a second
hole portion that extends along the lengthwise direction
of the rail and that is formed therethrough so as to face
the first hole portion, and the variable connection portion
includes a fastening mechanism that includes a member
passing through the first hole portion and the second hole
portion and that is capable of fixing the door roller portion
and the drive connection portion to each other such that
a relative position therebetween can be changed.
[0012] According to this aspect of the invention, the
variable connection portion includes the fastening mech-
anism that includes the member passing through the first
hole portion and the second hole portion provided in the
door roller portion and the drive connection portion, re-
spectively, and extending along the lengthwise direction
of the rail, and that is capable of fixing the door roller
portion and the drive connection portion to each other
such that their relative position can be changed. Accord-
ingly, when the positional adjustment operation of the
door in the opening and closing direction is performed,
it is possible to directly generate fastening force along
the lengthwise direction of the rail, which is the opening
and closing direction in which the door is slidably moved,
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thus fixing the door roller portion and the drive connection
portion to each other. Accordingly, unlike a fastening
method in which the door roller portion and the drive con-
nection portion are fixed to each other via frictional force
by generating fastening force in a direction perpendicular
to the lengthwise direction of the rail, it is not necessary
to manage the fastening force for ensuring a predeter-
mined frictional force, thus making it possible to further
reduce the burden of the operation and the operation
time. In the case of a method in which fastening is
achieved with a long hole that is open in a direction per-
pendicular to the lengthwise direction of the rail and ex-
tends along the lengthwise direction of the rail, fastening
force is generated in a direction perpendicular to the
lengthwise direction of the rail as described above, and
the position of the door roller portion and the drive con-
nection portion to each other is retained by frictional force
(contact pressure) generated between predetermined
two members. For this reason, it is necessary to perform
fixation after managing the fastening force such that the
frictional force (contact pressure) has a predetermined
magnitude or greater. However, according to the present
invention, the door roller portion and the drive connection
portion can be fixed by directly generating fastening force
along the lengthwise direction of the rail as described
above, and therefore it is not necessary to manage the
fastening force, making it possible to further reduce the
burden of the operation.
[0013] According to a third aspect of a door suspension
apparatus of the present invention, in the door suspen-
sion apparatus of the second aspect, the fastening mech-
anism includes a bolt that is provided as the member
passing through the first hole portion and the second hole
portion and whose bolt head is engaged with one of the
door roller portion and the drive connection portion, and
a first nut that is threadedly engaged with the bolt and is
engaged with the other of the door roller portion and the
drive connection portion, and the first hole portion is dis-
posed on a door trailing end side, which is the side on
which the end of the door in an opening direction is lo-
cated, with respect to the second hole portion.
[0014] With this aspect of the invention, the fastening
mechanism includes the bolt that are engaged with the
drive connection portion and the door roller portion and
that passes through the first and second hole portions,
and the first nut that is threadedly engaged with the bolt.
Also, the first hole portion on the door roller portion side
that supports the door is disposed on the door trailing
end side with respect to the second hole portion on the
drive connection portion side, and therefore the door is
moved toward the door leading end side when the vari-
able connection portion is adjusted by operating the bolt
and the first nut in the fastening direction. Accordingly,
the direction in which one of the bolt and the first nut
engaged on the door roller portion side is fastened and
caused to approach toward the other of the bolt and the
first nut engaged on the drive connection portion side
can be made coincident with the direction in which the

door is moved toward the door leading end side. This
makes it possible to fasten the bolt or the first nut while
moving the door in the same direction to adjust the po-
sition. Therefore, the worker is likely to feel, as a sensa-
tion during operation, that the direction of the direct op-
eration and the direction of adjustment of the door are
coincident and thus can perform the operation more eas-
ily and smoothly, enabling the operability to be improved.
[0015] According to a fourth aspect of a door suspen-
sion apparatus of the present invention, in the door sus-
pension apparatus of the third aspect, the fastening
mechanism further includes a second nut that is thread-
edly engaged with the bolt, the bolt is inserted into the
second hole portion from a door leading end side, which
is the side on which the end of the door in the closing
direction is located, and the bolt head is engaged with
the drive connection portion, the second nut is disposed
on the side opposite to the bolt head via the second hole
portion and is engaged with the drive connection portion
from the door trailing end side, and the first nut is engaged
with the door roller portion from the door trailing end side.
[0016] According to this aspect of the invention, fas-
tening the second nut threadedly engaged with the bolt
allows the bolt to be easily fixed to the drive connection
portion by the fastening force acting between the bolt
head and the second nut on the door leading end side.
Also, the structure that eventually fixes the bolt to the
drive connection portion can be realized with a simple
configuration in which only the second nut is provided.
Accordingly, in the fastening mechanism with good op-
erability in which the direction in which the first nut is
fastened to the bolt and the movement direction of the
door are coincident, it is also possible to realize a struc-
ture that is capable of easily fixing the bolt to the drive
connection portion with a simple configuration.
[0017] According to a fifth aspect of a door suspension
apparatus of the present invention, in the door suspen-
sion apparatus of any of the second to fourth aspects,
the door roller portion further includes a guide portion for
guiding movement of the drive connection portion along
the lengthwise direction of the rail, and a direction in
which the first hole portion and the second hole portion
extend in the lengthwise direction of the rail and a direc-
tion in which the guide portion is disposed along the
lengthwise direction of the rail are displaced parallel to
each other.
[0018] According to this aspect of the invention, the
drive connection portion is supported to the door roller
portion so as to be movable along the lengthwise direc-
tion of the rail via the bolt of the fastening mechanism of
the variable connection portion, and is supported so as
to be movable along the lengthwise direction of the rail
also in the guide portion disposed in a position displaced
parallel to the bolt. Accordingly, it is possible to prevent
the drive connection portion from being pivoted about the
member of the fastening mechanism when the worker
performs the operation of adjusting the position of the
door in the opening and closing direction, and therefore
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the worker does not need to retain the drive connection
portion so as not to pivot about the member of the fas-
tening mechanism during the operation. This can further
reduce the burden of the operation.
[0019] According to a sixth aspect of a door suspen-
sion apparatus of the present invention, in the door sus-
pension apparatus of the fifth aspect, the guide portion
is formed as a shaft-like member extending along the
lengthwise direction of the rail, and is slidably inserted
into a guide hole portion that is formed through the drive
connection portion, and the door roller is disposed on
either side in a direction along the lengthwise direction
of the rail with respect to the guide portion.
[0020] According to this aspect of the invention, the
guide portion is formed as a shaft-like member extending
along the lengthwise direction of the rail, and therefore
the guide portion can be disposed along the rail in a com-
pact manner, making it possible to reduce the size of the
door roller portion. Also, the guide portion is disposed
between the door rollers in a direction along the length-
wise direction of the rail. Therefore, in the door roller por-
tion, the guide portion can be linearly disposed between
the structures that support the plurality of door rollers
aligned along the lengthwise direction of the rail. Accord-
ingly, it is possible to achieve space saving and weight
reduction, compared to a configuration in which the guide
portion is provided in a position displaced parallel to the
structures that support the plurality of door rollers to
achieve integration.
[0021] According to a seventh aspect of a door sus-
pension apparatus of the present invention, in the door
suspension apparatus of the sixth aspect, a direction in
which the first hole portion and the second hole portion
extend along the lengthwise direction of the rail and a
direction in which the guide portion and the door roller
are disposed along the lengthwise direction of the rail are
arranged side by side in the horizontal direction and dis-
placed parallel to each other.
[0022] According to this aspect of the invention, the
direction in which the first hole portion and the second
hole portion extend along the lengthwise direction of the
rail and the direction in which the guide portion and the
door rollers are disposed along the lengthwise direction
of the rail are arranged side by side in the horizontal di-
rection and displaced parallel to each other. Accordingly,
the door rollers and the guide portion will not be disposed
on the opposite sides in a direction along the lengthwise
direction of the rail with respect to the bolt and the first
nut of the fastening mechanism. This can ensure a suf-
ficient space for the worker to operate the fastening
mechanism around the fastening mechanism, and there-
fore the worker can easily operate the fastening mecha-
nism without being obstructed by the door rollers and the
guide portion. Accordingly, it is possible to improve the
operability during the operation of the fastening mecha-
nism, thus further reducing the burden of the operation.
[0023] According to an eighth aspect of a door sus-
pension apparatus of the present invention, in the door

suspension apparatus of any of the first to seventh as-
pects, the door roller portion includes a pivot shaft that
is disposed extending along the lengthwise direction of
the rail, and a pivot member that is provided pivotably
about the pivot shaft and on which the door can be sus-
pended.
[0024] According to this aspect of the invention, in the
door roller portion, the door is suspended directly to the
pivot member or indirectly via the hanger member, and
is supported pivotably about the pivot shaft. Accordingly,
it is possible to achieve a structure in which, when an
inclination occurs in the door installed in the structure,
the influence of the inclination of the door tend not to be
transferred to the door rollers. This can reduce the harm-
ful effect on the door rollers by an inclination of the door,
including, for example, uneven wear of the door rollers
resulting from unbalanced load from the door side acting
on the door rollers, unusual sound during travel of the
door rollers, and a phenomenon in which the door rollers
travel in an unstable manner (bouncing of the door roll-
ers). Conventionally, in the case of a door with a structure
having a curved portion, a portion disposed in an inclined
manner is provided, and therefore, it was necessary to
provide a predetermined gap serving as a play between
the door rollers and the rail in order to mitigate, for ex-
ample, generation of unbalanced load acting on the door
rollers from the door side, or unusual sound during travel
of the door rollers. However, when the present invention
is applied to a door with a structure having a curved por-
tion, it is possible to maintain the state of contact between
the door rollers and the rail in an optimum state even if
the above-described gap serving as a play is not provid-
ed, thus preventing unbalanced load from acting on the
door rollers from the door side, and unusual sound from
being generated during travel of the door rollers.
[0025] According to a ninth aspect of a door suspen-
sion apparatus of the present invention, in the door sus-
pension apparatus of the eighth aspect, the door roller
portion further includes a rotational shaft for rotatably
supporting the door roller, a first housing member in
which a through hole passing through the pivot shaft is
formed, a second housing member to which the rotational
shaft is attached and that is disposed facing the first hous-
ing member, the pivot shaft is provided with a notched
portion that is recessed so as to be notched in a groove
shape along the circumferential direction thereof, at least
one of the first housing member and the second housing
member is provided with a notch engaging portion that
is engaged with the notched portion, and the first housing
member and the second housing member are fixed to
each other with a single externally threaded member that
is threadedly engaged with an internally threaded hole
formed in the rotational shaft.
[0026] According to this aspect of the invention, the
housing structure that supports the door roller in the door
roller portion is formed by combining the second housing
member with the first housing member to which the ro-
tational shaft of the door roller is attached. Also, the first

7 8 



EP 2 476 848 A1

6

5

10

15

20

25

30

35

40

45

50

55

housing member and the second housing member are
fixed integrally by causing a single externally threaded
member to be threadedly engaged with the internally
threaded hole of the rotational shaft of the door roller in
a state in which the pivot shaft serving as the pivot center
of the pivot member is engaged, at its notched portion,
with the notch engaging portion provided in at least one
of the first and second housing members. Therefore, at
the time of performing maintenance after installation, the
housing structure of the door roller portion can be easily
disassembled by removing a single externally threaded
member from the internally threaded hole. Accordingly,
in the door roller portion that suspends the door to the
pivot member and that supports the door pivotably about
the pivot shaft, the housing structure of the door roller
portion can be easily disassembled by simply removing
a single externally threaded member, making it possible
to reduce the burden of the maintenance operation.
[0027] According to a tenth aspect of a door suspen-
sion apparatus of the present invention, in the door sus-
pension apparatus of the second aspect, a door leading
end-side first hole portion that is disposed on a door lead-
ing end side, which is the side on which the end of the
door in the closing direction is located, with respect to
the second hole portion is provided as the first hole por-
tion, the fastening mechanism includes a member pass-
ing through the first hole portion and the second hole
portion, and is capable of fixing the door roller portion
and the drive connection portion such that a relative po-
sition therebetween can be changed, the variable con-
nection portion further includes a push-back mechanism
that biases the door roller portion to the drive connection
portion in a closing direction of the door, and the push-
back mechanism maintains a relative position of the door
roller portion with respect to the drive connection portion
until a force of a predetermined magnitude or greater
acts on the door roller portion in an opening direction of
the door, and permits a relative movement of the door
roller portion with respect to the drive connection portion
in the opening direction of the door within a predeter-
mined distance range when a force of a predetermined
magnitude or greater acts on the door roller portion in
the opening direction of the door.
[0028] According to this aspect of the invention, during
the positional adjustment operation of the door in the
opening and closing direction, the position of the door
leading end-side first hole portion, which is disposed on
the door leading end side than the second hole portion,
with respect to the second hole portion is changed by the
fastening mechanism, and thereby the relative position
of the drive connection portion with respect to the door
roller portion is adjusted. After installation, the door roller
portion is maintained in the same relative position by be-
ing constantly biased to the drive connection portion in
the closing direction (to the door leading end side) by the
push-back mechanism, and is maintained in the same
relative position also when the locking device is operating
with the door in the fully closed position. However, if some

foreign object is caught on the door leading end side of
the door when the door is being closed and a force of a
predetermined magnitude or greater acts on the door roll-
er portion in the opening direction, a relative movement
of the door roller portion to the drive connection portion
in the opening direction is permitted even if the locking
device is operating, as long as the size of the foreign
object is within a predetermined size range. Therefore,
the foreign object caught in the door can be pulled out
by slightly moving the door in the opening direction in a
forceful manner within a predetermined distance range
that does not cause a safety problem in a state in which
the locking device is kept in operation.
[0029] According to an eleventh aspect of a door sus-
pension apparatus of the present invention, in the door
suspension apparatus of the tenth aspect, the push-back
mechanism includes a coil spring that is disposed be-
tween the door leading end-side first hole portion and the
second hole portion and through which the member pass-
ing through the door leading end-side first hole portion
and the second hole portion passes, and biases the door
roller portion to the drive connection portion in the closing
direction of the door with a biasing force of the coil spring.
[0030] According to this aspect of the invention, the
push-back mechanism is provided as the coil spring dis-
posed between the door leading end-side first hole por-
tion and the second hole portion, and the member pass-
ing through the door leading end-side first hole portion
and the second hole portion is disposed so as to pass
through the coil spring. Accordingly, it is possible to dis-
pose the push-back mechanism around the fastening
mechanism in a compact manner, thus preventing an
increase in the size of the variable connection portion
even if the push-back mechanism is provided.
[0031] According to another aspect of the present in-
vention, it is possible to configure a door apparatus in-
cluding any of the above-described door suspension ap-
paratuses. That is, according to a twelfth aspect of a door
apparatus of the present invention, there is provided a
door apparatus including: the door suspension apparatus
of any of the first to eleventh aspects; a door that is pro-
vided in a structure and is supported by the door suspen-
sion apparatus in a state of being suspended to the struc-
ture so as to be slidably moved; an open-close drive
mechanism that is connected to the door suspension ap-
paratus and that drives the door to be opened and closed.
[0032] According to this aspect of the invention, when
the door that can be locked in the fully closed position by
the locking device is installed in a structure, it is possible
to perform the positional adjustment operation of the door
in the opening and closing direction without performing
the positional adjustment operation between the locking
portion and the locked portion of the locking device.

Effects of Invention

[0033] According to the present invention, it is possible
to provide a door suspension apparatus that is capable
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of, when a door that can be locked to a fully closed po-
sition by a locking device is installed in a structure, per-
forming the positional adjustment operation of the door
in the opening and closing direction without performing
the positional adjustment operation between a locking
portion and a locked portion of the locking device, and it
is also possible to provide a door apparatus equipped
with the door suspension apparatus.

Brief Description of the Drawings

[0034]

[FIG. 1] FIG. 1 is a front view showing a door appa-
ratus according to one embodiment of the present
invention.
[FIG. 2] FIG. 2 is a front view showing the state of a
fully opened position in which doors are opened in
the door apparatus shown in FIG. 1
[FIG. 3] FIG. 3 is a partial enlarged view showing, in
enlargement, locking devices of the door apparatus
shown in FIG. 1 and the vicinity thereof.
[FIG. 4] FIG. 4 is a front view showing a door sus-
pension apparatus of the door apparatus shown in
FIG. 1.
[FIG. 5] FIG. 5 is a plan view showing the door sus-
pension apparatus shown in FIG. 4.
[FIG. 6] FIG. 6 is a partial enlarged view showing, in
enlargement, part of the door suspension apparatus
shown in FIG. 5.
[FIG. 7] FIG. 7 is a plan view showing a door roller
unit of the door suspension apparatus shown in FIG.
5.
[FIG. 8] FIG. 8 is an exploded view of the door roller
unit shown in FIG. 7.
[FIG. 9] FIG. 9 is an enlarged view showing, in en-
largement, the door roller unit and the vicinity thereof
together with a rail in a state in which the door sus-
pension apparatus shown in FIG. 5 is installed in a
structure, as viewed from the door trailing end side.
[FIG. 10] FIG. 10 is a diagram showing a pivot shaft
and a pivot member of the door roller unit shown in
FIG. 9, together with a rail, with illustration of other
elements being omitted.
[FIG. 11] FIG. 11 is a plan view showing a door sus-
pension apparatus according to a modification.
[FIG. 12] FIG. 12 is a partial enlarged view showing,
in enlargement, part of the door suspension appa-
ratus shown in FIG. 11.
[FIG. 13] FIG. 13 is a partial enlarged view showing,
in enlargement, part of a door suspension apparatus
according to a modification.
[FIG. 14] FIG. 14 is a front view showing a door ap-
paratus according to a modification.
[FIG. 15] FIG. 15 is a front view showing a door ap-
paratus according to a modification.

Description of Embodiments

[0035] Hereinafter, an embodiment for carrying out the
present invention will be described with reference to the
accompanying drawings. The present invention is appli-
cable as a door suspension apparatus that holds a door
provided in a structure and driven to be opened and
closed by an open-close drive mechanism, in a state in
which the door is suspended to the structure so as to be
slidably moved, and that is connected to the open-close
drive mechanism, and as a door apparatus including the
door suspension apparatus. Although this embodiment
will be described, taking, as an example, a door suspen-
sion apparatus and a door apparatus that are used in a
railroad vehicle, the present invention is not limited to this
example and is widely applicable as a door suspension
apparatus and a door apparatus that can be provided in
a variety of structures.
[0036] FIG. 1 is a front view showing a door apparatus
2 according to one embodiment of the present invention.
The door apparatus 2 shown in FIG. 1 can be used, for
example, for a side wall of a railroad vehicle as a struc-
ture. Note that FIG. 1 shows a front view of the door
apparatus 2, as viewed from the inside of the railroad
vehicle. In addition, illustration of the side wall of the rail-
road vehicle is omitted in FIG. 1, and the door apparatus
2 is schematically illustrated. The door apparatus 2 in-
cludes, for example, door suspension apparatuses 1 ac-
cording to one embodiment of the present invention,
doors 11 (partly shown in FIG. 1), an open-close drive
mechanism 12, and locking devices 13.
[0037] A door 11 is formed as a sliding door provided
at a side wall of a railroad vehicle (hereinafter, referred
to as "structure"), and constitutes a side door provided
in the railroad vehicle for loading and unloading of pas-
sengers. Two doors 11 are provided, and each of the
doors 11 is supported by the door suspension apparatus
1 in a state in which it is suspended to the structure so
as to be slidably moved. Additionally, a rail 19 including
an upper rail 19a and a lower rail 19b that linearly extend
parallel to each other in the horizontal direction is fixed
to the structure. The two doors 11 are supported by the
respective door suspension apparatuses 1 at their upper
ends, and are configured to be closed by approaching
each other along the rail 19 and coming into contact and
to be opened by moving away from each other.
[0038] The open-close drive mechanism 12 is installed
in the structure, and is provided as a mechanism that is
connected to the door suspension apparatuses 1 and
that drives the doors 11 to be opened and closed. The
open-close drive mechanism 12 shown in FIG. 1 in-
cludes, for example, a drive motor (not shown), a drive
pulley 14, a driven pulley 15, and a belt 16. The belt 16
is configured as an endless belt that is wound around the
drive pulley 14 and the driven pulley 15 in a freely rotat-
able manner. Rotation of the drive pulley 14 connected
to the drive motor causes the belt 16 wound around the
drive pulley 14 to be rotated, thus causing the driven pul-
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ley 15 to rotate together with the belt 16.
[0039] The drive motor is controlled to be rotated by a
predetermined amount in forward and reverse directions,
in accordance with a command from a controller, which
is not shown. Accordingly, the two doors 11 that are sup-
ported in a state in which they are suspended via the
door suspension apparatuses 1 connected to the belt 16
of the open-close drive mechanism 12 are driven in the
opening direction and the closing direction. FIG. 1 shows
the state of a fully closed position in which the two doors
11 are closed, and FIG. 2 shows the state of a fully
opened position in which the two doors 11 are opened.
By operating the open-close drive mechanism 12 such
that the belt 16 is rotated in the direction indicated by the
arrow Ain FIG. 1, the door suspension apparatuses 1 are
moved in directions away from each other, and the state
of the two doors 11 is shifted to the state of the fully
opened position shown in FIG. 2. On the other hand, by
operating the open-close drive mechanism 12 such that
the belt 16 is rotated in the direction indicated by the
arrow B shown in FIG. 2, the door suspension appara-
tuses 1 are moved in directions approaching each other,
and the state of the two doors 11 is shifted to the state
of the fully closed position shown in FIG. 1.
[0040] FIG. 3 is a partial enlarged view showing, in
enlargement, the locking devices 13 shown in FIG. 1 and
the vicinity thereof. As clearly shown in FIG. 3, each of
the locking devices 13 includes, for example, a lock mem-
ber 17 provided on the structure side, and a lock pin 18
provided on the door suspension apparatus 1 side. Each
of the locking devices 13 is configured to lock the door
11 to the lock structure in the fully closed position shown
in FIG. 1 through locking between the lock member 17
provided as a locking portion and the lock pin 18 provided
as a locked portion. This prevents the door 11 from being
accidentally opened in the fully closed position. By re-
leasing the locking between the lock member 17 and the
lock pin 18, the doors 11 are brought into a state in which
they can be opened with operation of the open-close drive
mechanism 12 (see FIG. 2). Although FIGS. 1 to 3 show,
as an example, the configuration in which the locking
devices 13 are respectively provided for the two doors
11, this need not be the case. That is, it is possible to
adopt a configuration in which the locking device 13 is
provided for only one of two doors 11, and the two doors
11 are locked in the fully closed position by the single
locking device 13.
[0041] The lock pin 18 is configured as a columnar pin
member provided protruding toward the inside of the door
11 (toward the inside of the structure) in the door sus-
pension apparatus 1, which will be described later. Ac-
cordingly, the lock pin 18 is moved with the movement
of the door suspension apparatus 1 by operation of the
open-close drive mechanism 12.
[0042] The lock member 17 is provided as a member
pivotably attached on the structure side, and has an
opening portion that can be locked to the lock pin 18 so
as to be fitted from the side to the lock pin 18. When the

two doors 11 are moved in the closing direction and reach
the vicinity of the fully closed position, the lock member
17 comes into contact with the lock pin 18 and is pivotably
moved. In the fully closed position of the doors 11, the
lock member 17 is fitted from the side to the lock pin 18,
thus locking the lock pin 18. In this state, for example, a
lock retention mechanism (not shown) that includes an
electrical driving source such as a solenoid and is capa-
ble of holding the pivot position of the lock member 17 is
operated in accordance with a command from the con-
troller, and thereby the locking state between the lock
member 17 and the lock pin 18 is maintained. On the
other hand, when the operation of opening the doors 11
is performed, the retention of the pivot position of the lock
member 17 by the above-described lock retention mech-
anism is released in accordance with a command from
the controller, and thereby the lock member 17 is brought
into a state in which it can be pivoted with the movement
of the lock pin 18. Then, the door suspension apparatus
1 is moved in the opening direction together with the door
11 by operation of the open-close drive mechanism 12,
and thereby the locking between the lock member 17 and
the lock pin 18 is released.
[0043] Note that the configuration of the locking device
is not limited to the configuration of the locking device 13
described above as an example, and various configura-
tions may be adopted. That is, it is possible to adopt any
configuration in which the door 11 is locked on the struc-
ture side in the fully closed position through locking be-
tween the locking portion and the locked portion, with
one of the locking portion and the locked portion being
provided in the door suspension apparatus 1 and the
other of the locking portion and the locked portion being
provided on the structure side (or the open-close drive
mechanism 12 side). For example, it is possible to use
locking devices having the configurations disclosed in JP
2008-121242A, JP 2008-121243A, and JP
2008-121244A.
[0044] FIG. 4 is a front view showing a door suspension
apparatus 1, and FIG. 5 is a plan view of the door sus-
pension apparatus 1. As shown in FIG. 1, the door sus-
pension apparatus 1 is provided for each of the doors
11, and the door suspension apparatuses 1 hold the re-
spective doors 11 in a state in which the doors are sus-
pended to the structure so as to be slidably moved, and
are each connected to the belt 16 of the open-close drive
mechanism 12. As clearly shown in FIGS. 4 and 5, the
door suspension apparatus 1 includes, for example, a
drive connection portion 21, a door roller portion 22, and
a variable connection portion 23. Of the two door sus-
pension apparatuses 1 shown in FIG. 1, the door sus-
pension apparatus 1 disposed on the drive pulley 14 side
is shown in FIGS. 4 and 5. The door suspension appa-
ratus 1 disposed on the driven pulley 15 side is configured
in the same manner, except that its devices are arranged
line-symmetric about the intermediate position between
the two doors 11 with respect to the devices of the door
suspension apparatus 1 disposed on the drive pulley 14
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side, and therefore, only the door suspension apparatus
1 disposed on the drive pulley 14 is described in the fol-
lowing.
[0045] As illustrated in FIGS. 4 and 5, the drive con-
nection portion 21 is configured by fixing a door-side con-
necting member 21a and a door roller-side connecting
member 21b to each other with a plurality of fixing bolts
24. The door-side connecting member 21a is provided
with the lock pin 18 constituting the locked portion de-
scribed above, a main body portion 25, a connecting plate
portion 26, and so forth. The main body portion 25 is
formed in the shape of a flat plate, and its end is fixed to
the door roller-side connecting member 21b with the fix-
ing bolts 24. Further, the main body portion 25 is formed
such that it protrudes from the door roller-side connecting
member 21b to which the end is fixed, is bent, and then
extends parallel to the lengthwise direction of the door
roller portion 22, which will be described later, and is dis-
posed extending along the horizontal direction. The lock
pin 18 is fixed to the end of the main body portion 25 that
is opposite from the end connected to the door roller-side
connecting member 21b. The connecting plate portion
26 is formed as a flat plate-shaped portion extending in
the up-down direction, which is approximately perpen-
dicular to the main body portion 25, and is fixed and con-
nected, on its upper end side, to the belt 16 of the open-
close drive mechanism 12.
[0046] FIG. 6 is a partial enlarged view showing, in
enlargement, the vicinity of the door roller-side connect-
ing member 21b shown in FIG. 5. As shown in FIGS. 4
to 6, the door roller-side connecting member 21b includes
a first block portion 27 and a second block portion 28 that
are each formed in the shape of a rectangular solid ex-
tending from the end to which the door-side connecting
member 21a is fixed with the fixing bolts 24, parallel to
the lengthwise direction of the door roller portion 22. The
first and second block portions (27, 28) are integrally
formed. The first block portion 27 is provided with a guide
hole portion 27a of this embodiment that is formed there-
through so as to extend along the lengthwise direction
of the rail 19, which is the direction parallel to the direction
in which the lengthwise direction of the door roller portion
22 is arranged. The second block portion 28 is provided
with a second hole portion 28a of this embodiment that
is formed therethrough so as to extend along the length-
wise direction of the rail 19.
[0047] The door roller portion 22 shown in FIGS 4 to
6 is provided as a mechanism that includes the door roll-
ers (36a, 36b, 36c) traveling on the rail 19 fixed in the
structure, that is connected to the doors 11, and that sup-
ports the doors 11 in a state in which the door 11 is sus-
pended to the rail 19 so as to be slidably moved. Also,
the door roller portion 22 includes a pair of door roller
units 29, a guide portion 30, and so forth. The pair of door
roller units 29 includes a door roller unit 29a and a door
roller unit 29b, and the door roller units (29a, 29b) are
linearly connected to each other via the guide portion 30,
and are disposed along the lengthwise direction of the

rail 19. Additionally, the door roller unit 29a is disposed
on the door trailing end side (the side on which the end
of the door 11 in the opening direction is located) with
respect to the guide portion 30, ant the door roller unit
29b is disposed on the door leading end side (the end
on which the end of the door 11 in the closing direction
is located) with respect to the guide portion 30.
[0048] FIG. 7 is a plan view showing the door roller
unit 29a, and FIG. 8 is an exploded view of the door roller
unit 29a. Note that the door roller unit 29b is configured
in the same manner except that its devices are arranged
line-symmetric about the intermediate position of the
guide portion 30 and that the variable connection portion
23, which will be described later, is not connected. There-
fore, in the following, the description of the door roller
unit 29b is omitted, and only the door roller unit 29a will
be described
[0049] As clearly shown in FIGS. 7 and 8, the door
roller unit 29a include, a first housing member 31, a sec-
ond housing member 32, a third housing member 33, a
pivot shaft 34, a pivot member 35, a plurality of door roll-
ers (36a, 36b, 36c), rotational shafts (37a, 37b, 37c), ex-
ternally threaded members (38a, 38b, 38c), and so forth.
[0050] FIG. 9 is an enlarged view showing, in enlarge-
ment, the door roller unit 29a and the vicinity thereof to-
gether with the rail 19 in a state in which the door sus-
pension apparatus 1 shown in FIG. 5 is installed in a
structure, as viewed from the door trailing end side. As
shown in FIGS. 7 to 9, the plurality of door rollers (36a,
36b, 36c) are aligned in series in the door roller unit 29a
along the lengthwise direction of the door roller unit 29a
(that is, along the lengthwise direction of the rail 19), and
are provided so as to travel on the rail 19. Additionally,
the door roller 36a, which is disposed on the door leading
end side in the door roller unit 29a, and the door roller
36b, which is disposed in the middle, are disposed so as
to come into contact with the lower rail 19b from above,
and are provided as door rollers for ensuring the traveling
function. On the other hand, the door roller 36c, which is
disposed on the door trailing end side, is disposed so as
to come into contact with the upper rail 19b from below,
and is provided as a door roller for ensuring the anti-
bouncing function for suppressing vibrations in the door
roller portion 22 during travel. In this manner, the place-
ment of the door rollers (36a, 36b, 36c) allows the door
roller portion 22 to travel on the rail 19 in a stable manner.
Additionally, the surfaces of the door rollers (36a, 36b,
36c) and the upper and lower rails (19a, 19b) that come
into contact with each other are formed to have a circular-
arc cross section.
[0051] The first to third housings (31, 32, 33) are con-
figured to form an integrated housing structure that sup-
ports the door rollers (36a, 36b, 36c) and the pivot mem-
ber 35, when combined into one unit. The second housing
member 32 and the third housing member 33 are dis-
posed facing the first housing member 31 (see FIG. 7).
Also, the rotational shaft 37a that rotatably supports the
door roller 36a is attached to the second housing member
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32, and the rotational shaft 37b and the rotational shaft
37c that rotatably support the door roller 36b and the door
roller 36c, respectively, are attached to the third housing
member 33.
[0052] Further, a plurality of (in this embodiment, three)
through holes 31a, through which the pivot shaft 34,
which will be described later, passes through are formed
in the first housing member 31 so as to be aligned in
series in positions displaced from the second and third
housing members (32, 33) on the side face on which the
second and third housing members (32, 33) are com-
bined. The portions in which the plurality of through holes
31a are formed are formed as plurality of portions pro-
truding in the shape of comb teeth on the side face of the
first housing member 31. The second housing member
32 is provided, on its end on the door leading end side,
with a first hole portion 32a and a guide connecting hole
portion 32b of this embodiment that are formed there-
through so as to extend along the lengthwise direction
of the rail 19 and are disposed parallel to each other.
Additionally, an internally threaded portion is formed on
the inner circumference of the first hole portion 32a and
the guide connecting hole portion 32b.
[0053] FIG. 10 is a diagram showing the pivot shaft 34
and the pivot member 35 shown in FIG. 9, together with
the rail 19, with illustration of other elements being omit-
ted. As shown in FIGS. 7 to 10, the pivot shaft 34 is pro-
vided as a columnar pin member, and is disposed ex-
tending along the lengthwise direction of the rail 19 in the
door roller unit 29a. The pivot shaft 34 is inserted into the
plurality of through holes 31a that are formed in alignment
in the first housing member 31, and is rotatably supported
to the first housing member 31. Also, the pivot shaft 34
is provided, at its end of the door leading end side, with
a notched portion 34a that is recessed so as to be notched
in the shape of a groove along the circumferential direc-
tion. The second housing member 32 is provided with a
notch engaging portion 32c that is formed as a semicir-
cular-arc recess so as to be fitted along the half of the
outer circumference of the notched portion 34a and to
be engaged with the notched portion 34a.
[0054] The pivot member 35 shown in FIGS. 7 to 10
is provided with portions in which the plurality of through
holes 35a through which the pivot shaft 34 passes
through are formed, and a suspension supporting mem-
ber 35b that is formed in the shape of an integral plate
below the portion in which the through holes 35a are
formed and on which the door 11 is suspended via a
hanger member 41. Additionally, the hanger member 41
is fixed to the suspension supporting member 35b via
fixing bolts 42 on the upper end side, and is fixed to the
door 11 via fixing bolts 43 on the lower end side (see
FIG. 3, FIG. 4, FIG. 9).
[0055] The portions of the pivot member 35 in which
the plurality of (in this embodiment, two) through holes
35a are formed are disposed facing the first housing
member 31. In a state in which the through holes 31a of
the first housing member 31 and the through holes 35a

of the pivot member 35 are alternately disposed in series,
the pivot shaft 34 is inserted into all of the plurality of
through holes (31a, 35a). Thereby, the pivot member 35
is also rotatably supported to the pivot shaft 34 rotatably
supported to the first housing member 31, and the pivot
member 35 is provided pivotably about the pivot shaft
34. In FIG. 10, the pivot member 35 in a state in which
the suspension supporting member 35b is located along
the vertical direction is indicated by the solid line, and the
pivot member 35 in a state in which it is pivoted from the
aforementioned state is indicated by the two-dot chain
line.
[0056] The externally threaded member 38a shown in
FIG. 8 is provided as a thread member for assembling
and fixing the first housing member 31 and the second
housing member 32 together. The externally threaded
member 38a is formed so as to passes through a through
hole 40a that is formed through the first housing member
31 and to be engaged with the first housing member 31
at its end. Also, the externally threaded member 38a is
configured to be threadedly engaged, at an externally
threaded portion on its outer circumference, with an in-
ternally threaded hole 39a that is formed through the ro-
tational shaft 37a in the axial direction and that has an
internally threaded portion formed on its inner circumfer-
ence, in a state in which the externally threaded member
38a is engaged with the first housing member 31. The
threaded engagement of the externally threaded mem-
ber 38a with the internally threaded hole 39a is performed
in a state in which the notched portion 34a of the pivot
shaft 34 passing through the plurality of through holes
(31a, 35a) is engaged with the notch engaging portion
32c of the second housing member 32. Thereby, the first
housing member 31 supporting, via the pivot shaft 34,
the pivot member 35 on which the door 11 is suspended
and the second housing member 32 supporting the pivot
shaft 34 in the engaged state are fixed to each other with
a single externally threaded member 38a in a state in
which the door roller 36a is rotatably supported thereon.
[0057] The externally threaded members (38b, 38c)
shown in FIG. 8 are provided as thread members for as-
sembling and fixing the first housing member 31 and the
third housing member 33 together. The externally thread-
ed member 38b is formed so as to passes through a
through hole 40b that is formed through the first housing
member 31 and to be engaged with the first housing
member 31 at its end. Also, the externally threaded mem-
ber 38b is configured to be threadedly engaged, at an
externally threaded portion on its outer circumference,
with an internally threaded hole 39b that is formed
through the rotational shaft 37b in the axial direction and
that has an internally threaded portion formed on its inner
circumference, in a state in which the externally threaded
member 38b is engaged with the first housing member
31. The externally threaded member 38c is formed so as
to passes through a through hole 40c that is formed
through the first housing member 31 and to be engaged
with the first housing member 31 at its end. Also, the
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externally threaded member 38c is configured to be
threadedly engaged, at an externally threaded portion on
its outer circumference, with an internally threaded hole
39c that is formed through the rotational shaft 37c in the
axial direction and that has an internally threaded portion
formed on its inner circumference, in a state in which the
externally threaded member 38c is engaged with the first
housing member 31. In this manner, the externally
threaded members (38b, 38c) are threadedly engaged
with the internally threaded holes (39b, 39c) of the rota-
tional shafts (37b, 37c), and thereby the first housing
member 31 and the second housing member 33 are fixed,
and the door rollers (36b, 36c) are rotatably supported
thereon.
[0058] As clearly shown in FIG. 6, the guide portion 30
is formed as a shaft-like member extending along the
lengthwise direction of the rail 19, and externally thread-
ed portions are formed at its both ends (30a, 30b). The
end portion 30a of the guide portion 30 on the door trailing
end side is threadedly engaged with the guide connecting
hole portion 32b formed in the second housing member
32 of the door roller unit 29a. At this time, a fixing nut 44a
is threadedly engaged with the end portion 30a on the
door trailing end side to the base side of the externally
threaded portion before the end portion 30a is threadedly
engaged with the guide connecting hole portion 32b. The
guide portion 30 and the door roller unit 29a are fixed to
each other by rotating the fixing nut 44a toward the sec-
ond housing member 32 on the door trailing end side in
the fastening direction in a state in which the end portion
30a on the door trailing end side is threadedly engaged
with the fixing nut 44a.
[0059] On the other hand, the end portion 30b of the
guide portion 30 on the door leading end side is thread-
edly engaged with the guide connecting hole portion 32b
formed in the second housing member 32 of the door
roller unit 29b. At this time, a fixing nut 44b is threadedly
engaged with the end portion 30b on the door leading
end side to the base side of the externally threaded por-
tion before the end portion 30b is threadedly engaged
with the guide connecting hole portion 32b. The guide
portion 30 and the door roller unit 29b are fixed to each
other by rotating the fixing nut 44b toward the second
housing member 32 on the door leading end side in the
fastening direction in a state in which the end portion 30b
on the door leading end side is threadedly engaged with
the fixing nut 44b. In this manner, in the door roller portion
22, the door roller unit 29a and the door roller unit 29b
are connected and fixed to each other via the guide por-
tion 30, and the door rollers (36a, 35b, 36c) are disposed
on each of the opposite sides along the lengthwise di-
rection of the rail 19 with respect to the guide portion 30.
[0060] The guide portion 30 is connected to the pair of
door roller units 29 as described above in a state in which
it is slidably inserted into the guide hole portion 27a
formed in the first block portion 27 of the drive connection
portion 21. Thereby, the guide portion 30 is configured
to guide the movement of the drive connection portion

21 in a direction along the lengthwise direction of the rail
19. By provision of the guide portion 30 in this manner,
the door suspension apparatus 1 is configured such that
the direction in which the guide portion 30 and the door
rollers (36a, 36b, 36c) are disposed along the lengthwise
direction of the rail 19 and the direction in which the first
hole portion 32a and the second hole portion 28a extend
along the lengthwise direction of the rail 19 are arranged
side by side in the horizontal direction and displaced par-
allel to each other.
[0061] The variable connection portion 23 shown in
FIGS. 4 to 6 is provided as a connecting structure that
connects the drive connection portion 21 to the door roller
portion 22 such that the relative position between the
drive connection portion 21 and the door roller portion 22
in a direction along the lengthwise direction of the rail 19
can be changed. Also, the variable connection portion
23 includes a fastening mechanism including a bolt 45,
a first nut 46, and a second nut 47.
[0062] As clearly shown in FIG. 6, the bolt 45 is pro-
vided as a member that passes through the first hole
portion 32a formed in the first housing member 32 of the
door roller unit 29a of the door roller portion 22 and the
second hole portion 28a formed in the second block por-
tion 28 of the drive connection portion 21. The bolt 45 is
inserted into the second hole portion 28a extending along
the lengthwise direction of the rail 19 from the door lead-
ing end side, and is disposed such that a bolt head 45a
thereof is engaged with the second block portion 28 of
the drive connection portion 21. The first hole portion 32a
extends along the lengthwise direction of the rail 19, is
disposed on the door trailing end side with respect to the
second hole portion 28a, and is formed so as to face the
second hole portion 28a. Also, the internally threaded
portion is formed in the first hole portion 32a as described
above, and the bolt 45 is disposed so as to pass through
the first hole portion 32a by its externally threaded portion
inserted into the first hole portion 32a from the door lead-
ing end side and threadedly engaged with the internally
threaded portion.
[0063] The first nut 46 is disposed so as to be thread-
edly engaged with the bolt 45 from its end on the door
trailing end side toward the door leading end side, and
to be engaged with the second housing member 32 of
the door roller portion 22 from the door trailing end side.
The second nut 47 is attached to the bolt 45 in a state in
which the bolt has passed through the second hole por-
tion 28a and has not passed through the first hole portion
32a such that the second nut 47 is threadedly engaged
with the bolt 45 from its end on the door trailing end side
toward the door leading end side. Also, the second nut
47 is disposed on the side opposite from the bolt head
45a with the second hole portion 28a disposed in be-
tween, and is disposed so as to be engaged with the
second block portion 28 of the drive connection portion
21 from the door trailing end side. In this manner, the
fastening mechanism including the bolt 45, the first nut
46, and the second nut 47 is configured to be capable of
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fixing the door roller portion 22 and the drive connection
portion 21 to each other such that their relative position
along the lengthwise direction of the rail 19 can be
changed.
[0064] The following describes the operation of the
door suspension apparatus 1 when a worker performs
the positional adjustment operation for a door 11 after
the door apparatus 2 provided with the door suspension
apparatus 1 described above has been installed in a
structure. Note that the same positional adjustment op-
eration is performed for the door 11 disposed on the drive
pulley 14 side and the door 11 disposed on the driven
pulley 15 side, and therefore, only a case where the po-
sitional adjustment operation is performed for one of the
doors 11 will be described in the following.
[0065] When the positional adjustment operation is
performed for the door 11 after the door apparatus 2 has
been installed in a structure, the worker first adjusts the
position of the door 11 in the up-down direction. Then,
the worker causes the lock pin 18 provided in the drive
connection portion 21 and the lock member 17 provided
on the structure side to be locked to each other in a state
in which the open-close drive mechanism 12 is in a po-
sition corresponding to the fully closed position, thus
bringing about a state that is the same as a state in which
the locking device 13 has been operated. At this time,
the door 11 is disposed in a state in which the adjustment
of its position in the opening and closing direction can be
started in the state of being located slightly toward the
door trailing end side than toward the fully closed position.
This allows the worker to adjust the position of the door
11 in the opening and closing direction, while moving the
door 11 toward the door leading end side (that is, while
moving the door 11 toward the fully closed position).
[0066] As described above, in a state in which the lock
pin 18 and the lock member 17 are locked to each other,
the worker rotates the first nut 46 on the bolt 45 in a
direction in which the bolt head 45a and the first nut 46
are caused to approach each other to fasten the bolt 45
and the first nut 46 together. At this time, due to the lock-
ing between the lock pin 18 and the lock member 17, the
position in the opening and closing direction (the position
along the lengthwise direction of the rail 19) of the bolt
head 45a engaged with the drive connection portion 21
will not change. Accordingly, as described above, by rel-
atively rotating the bolt 45 and the first nut 46 in the fas-
tening direction, the door roller portion 22 and the first
nut 46 are moved so as to approach the drive connection
portion 21 and the bolt head 45a whose positions in the
opening and closing direction will not change. Thereby,
the door rollers (36a, 36b, 36c) slowly travel on the rail
19, and the door 11 is gradually moved, together with the
door roller portion 22, toward the door leading end side
(toward the fully closed position). At this time, in order to
allow the door roller portion 22 to be moved along the
lengthwise direction of the rail 19 by rotation of the bolt
45 threadedly engaged with the first hole portion 32a, the
second nut 47 is appropriately loosen so as not to gen-

erate fastening force.
[0067] In a state in which the door 11 has appropriately
reached the fully closed position, the worker fastens the
second nut 47 to the drive connection portion 21. There-
by, the relative position between the door roller portion
22 and the drive connection portion 21 is fixed, complet-
ing the positional adjustment of the door 11 in the opening
and closing direction. At this time, the locking device 13
is in a state in which the lock pin 18 and the lock member
17 remain locked throughout the positional adjustment
operation of the door 11 in the opening and closing di-
rection. Accordingly, concurrently with completion of the
positional adjustment operation of the door 11 in the
opening and closing direction, a state is realized in which
the lock pin 18 and the lock member 17 are appropriately
locked to each other and the locking device 13 can be
operated in the fully closed position of the door 11.
[0068] With the door suspension apparatus 1 and the
door apparatus 2 described thus far, it is not necessary
to further perform, after completion of the positional ad-
justment operation of the door in the opening and closing
direction, a conventionally required troublesome opera-
tion in which the positional adjustment between the lock-
ing portion and the locked portion of the locking device
is performed in a considerably small space. This makes
it possible to perform the positional adjustment of the
door 11 in the opening and closing direction without per-
forming the positional adjustment between the lock mem-
ber (locking portion) 17 and the lock pin (locked portion)
18. Accordingly, when the door 11 is installed in a struc-
ture, for example, during installation in which the door 11
is newly attached or when the open-close drive mecha-
nism 12, the door 11, and the like are re-attached after
maintenance, it is possible to significantly reduce the bur-
den of the operation, thus reducing the operation time.
[0069] Therefore, according to this embodiment, when
the door 11 that can be locked in the fully closed position
by the locking device 13 is installed in a structure, it is
possible to perform the positional adjustment operation
of the door 11 in the opening and closing direction without
performing the positional adjustment operation between
the lock member 17 and the lock pin 18 of the locking
device 13.
[0070] With the door suspension apparatus 1 and the
door apparatus 2, the variable connection portion 23 in-
cludes the fastening mechanism that includes the bolt 45
passing through the first hole portion 32a and the second
hole portion 28a provided in the door roller portion 22
and the drive connection portion 21, respectively, and
extending along the lengthwise direction of the rail 19,
and that is capable of fixing the door roller portion 22 and
the drive connection portion 21 to each other such that
their relative position can be changed. Accordingly, when
the positional adjustment operation of the door 11 in the
opening and closing direction is performed, it is possible
to directly generate fastening force along the lengthwise
direction of the rail 19, which is the opening and closing
direction in which the door 11 is slidably moved, thus
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fixing the door roller portion 22 and the drive connection
portion 21 to each other. Accordingly, unlike a fastening
method in which the door roller portion 22 and the drive
connection portion 21 are fixed to each other via frictional
force by generating fastening force in a direction perpen-
dicular to the lengthwise direction of the rail 19, it is not
necessary to manage the fastening force for ensuring a
predetermined frictional force, thus making it possible to
further reduce the burden of the operation and the oper-
ation time.
[0071] With the door suspension apparatus 1 and the
door apparatus 2, the fastening mechanism includes the
bolt 45 that are engaged with the drive connection portion
21 and the door roller portion 22 and that passes through
the first and second hole portions (32a, 38a), and the first
nut 46 that is threadedly engaged with the bolt 45. Also,
the first hole portion 32a on the door roller portion 22 side
that supports the door 11 is disposed on the door trailing
end side with respect to the second hole portion 28a on
the drive connection portion 21 side, and therefore the
door 11 is moved toward the door leading end side when
the variable connection portion 23 is adjusted by operat-
ing the bolt 45 and the first nut 46 in the fastening direc-
tion. Accordingly, the direction in which the first nut 46
engaged on the door roller portion 22 side is fastened
and caused to approach toward the bolt 45 engaged on
the drive connection portion 21 side can be made coin-
cident with the direction in which the door 11 is moved
toward the door leading end side. This makes it possible
to fasten the first nut 46 on the bolt 45 while moving the
door 11 in the same direction to adjust the position.
Therefore, the worker is likely to feel, as a sensation dur-
ing operation, that the direction of the direct operation
and the direction of adjustment of the door 11 are coin-
cident and thus can perform the operation more easily
and smoothly, enabling the operability to be improved.
[0072] With the door suspension apparatus 1 and the
door apparatus 2, fastening the second nut 47 threadedly
engaged with the bolt 45 allows the bolt 45 to be easily
fixed to the drive connection portion 21 by the fastening
force acting between the bolt head 45a and the second
nut 47 on the door leading end side. Also, the structure
that eventually fixes the bolt 45 to the drive connection
portion 21 can be realized with a simple configuration in
which only the second nut 47 is provided. Accordingly,
in the fastening mechanism with good operability in which
the direction in which the first nut 46 is fastened to the
bolt 45 and the movement direction of the door 11 are
coincident, it is also possible to realize a structure that is
capable of easily fixing the bolt 45 to the drive connection
portion 21 with a simple configuration.
[0073] With the door suspension apparatus 1 and the
door apparatus 2, the drive connection portion 21 is sup-
ported to the door roller portion 22 so as to be movable
along the lengthwise direction of the rail 19 via the bolt
45 of the fastening mechanism of the variable connection
portion 23, and is supported so as to be movable along
the lengthwise direction of the rail 19 also in the guide

portion 30 disposed in a position displaced parallel to the
bolt 45. Accordingly, it is possible to prevent the drive
connection portion 21 from being pivoted about the bolt
45 when the worker performs the operation of adjusting
the position of the door 11 in the opening and closing
direction, and therefore the worker does not need to re-
tain the drive connection portion so as not to pivot about
the bolt 45 during the operation. This can further reduce
the burden of the operation.
[0074] With the door suspension apparatus 1 and the
door apparatus 2, the guide portion 30 is formed as a
shaft-like member extending along the lengthwise direc-
tion of the rail 19, and therefore the guide portion 30 can
be disposed along the rail 19 in a compact manner, mak-
ing it possible to reduce the size of the door roller portion
22. Also, in the door roller portion 22, the guide portion
30 is linearly disposed between the door roller units (29a,
29b), which are the structures that support the plurality
of door rollers aligned along the lengthwise direction of
the rail 19. Accordingly, it is possible to achieve space
saving and weight reduction, compared to a configuration
in which the guide portion is provided in a position dis-
placed parallel to the structures that support the plurality
of door rollers to achieve integration.
[0075] With the door suspension apparatus 1 and the
door apparatus 2, the direction in which the first hole por-
tion 32a and the second hole portion 28a extend along
the lengthwise direction of the rail 19 and the direction in
which the guide portion 30 and the door rollers (36a, 36b,
36c) are disposed along the lengthwise direction of the
rail 19 are arranged side by side in the horizontal direction
and displaced parallel to each other. Accordingly, the
door rollers (36a, 36b, 36c) and the guide portion 30 will
not be disposed on the opposite sides in a direction along
the lengthwise direction of the rail 19 with respect to the
bolt 45 and the first nut 46 of the fastening mechanism.
This can ensure a sufficient space for the worker to op-
erate the fastening mechanism around the fastening
mechanism, and therefore the worker can easily operate
the fastening mechanism without being obstructed by the
door rollers (36a, 36b, 36c) and the guide portion 30.
Accordingly, it is possible to improve the operability dur-
ing the operation of the fastening mechanism, thus fur-
ther reducing the burden of the operation.
[0076] With the door suspension apparatus 1 and the
door apparatus 2, in the door roller portion 22, the door
11 is suspended to the pivot member 35 via the hanger
member 41, and is supported pivotably about the pivot
shaft 34. Accordingly, it is possible to achieve a structure
in which, when an inclination occurs in the door 11 in-
stalled in the structure, the influence of the inclination of
the door 11 tend not to be transferred to the door rollers
(36a, 36b, 36c). This can reduce the harmful effect on
the door rollers (36a, 36b, 36c) by an inclination of the
door 11, including, for example, uneven wear of the door
rollers (36a, 36b, 36c) resulting from unbalanced load
from the door 11 side acting on the door rollers (36a, 36b,
36c), unusual sound during travel of the door rollers (36a,
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36b, 36c), and a phenomenon in which the door rollers
(36a, 36b, 36c) move upward and thus come near to be
detached from the rail 19 (bouncing of the door rollers).
Further, when this embodiment is applied to a door with
a structure having a curved portion, it is possible to main-
tain the state of contact between the door rollers and the
rail in an optimum state even if a gap serving as a play
for mitigating generation of unbalanced load or unusual
sound is not provided, thus preventing unbalanced load
from acting on the door rollers from the door side, and
unusual sound from being generated during travel of the
door rollers.
[0077] With the door suspension apparatus 1 and the
door apparatus 2, the housing structure that supports the
door roller 36a in the door roller portion 22 is formed by
combining the second housing member 32 with the first
housing member 31 to which the rotational shaft 37a of
the door roller 36a is attached. Also, the first housing
member 31 and the second housing member 32 are fixed
integrally by causing a single externally threaded mem-
ber 38a to be threadedly engaged with the internally
threaded hole 39a of the rotational shaft 37a of the door
roller 36a in a state in which the pivot shaft 34 serving
as the pivot center of the pivot member 35 is engaged,
at its notched portion 34a, with the notch engaging portion
32c provided in the second housing member 32. There-
fore, at the time of performing maintenance after instal-
lation, the housing structure of the door roller portion 22
can be easily disassembled by removing a single exter-
nally threaded member 38a from the internally threaded
hole 39a. Accordingly, in the door roller portion 22 that
suspends the door 11 to the pivot member 35 and that
supports the door 11 pivotably about the pivot shaft 34,
the housing structure of the door roller portion 22 can be
easily disassembled by simply removing a single exter-
nally threaded member 38a, making it possible to reduce
the burden of the maintenance operation.
[0078] Although an embodiment of the present inven-
tion has been described thus far, the present invention
is not limited to the above-described embodiment, and
various modifications may be made within the scope re-
cited in the claims. For example, a single door 11 may
be provided, and the following variations may also be
made.
[0079] (1) Although this embodiment has been de-
scribed, taking, as an example, a fastening mechanism
made up of a bolt and nuts as the fastening mechanism
of the variable connection portion, this need not be the
case; it is possible to adopt a fastening mechanism made
up of members other than a bolt and nuts. That is, the
member that passes through the first hole portion and
the second hole portion may be a configuration other
than a bolt, and it is possible to use various configura-
tions, including, for example, a member formed in the
shape of a shaft or column. The member that adjusts the
relative position between the drive connection portion
and the door roller portion by changing the relative posi-
tion with respect to the member passing through the first

hole portion and the second hole portion may be a con-
figuration other than a nut, and it is possible to use various
configurations, including, for example, a configuration
that utilizes the biasing force of an elastic member.
[0080] (2) Although this embodiment has been de-
scribed, taking, as an example, a configuration in which
the bolt is engaged with the drive connection portion and
the first nut is engaged with the door roller portion in the
fastening mechanism of the variable connection portion,
this need not be the case. That is, it is possible to provide
a fastening mechanism in which the bolt is engaged with
the door roller unit and the first nut is engaged with the
drive connection portion.
[0081] (3) Although this embodiment has been de-
scribed, taking, as an example, a configuration in which
the first hole portion is disposed on the door trailing end
side with respect to the second hole portion, this need
not be the case; it is possible to adopt a configuration in
which a door leading end-side first hole portion that is
disposed on the door leading end side with respect to
the second hole portion is provided as the first hole por-
tion. Further, the variable connection portion may include
a push-back mechanism that biases the door roller por-
tion to the drive connection portion in the closing direction
of the door. FIG. 11 is a plan view showing a door sus-
pension apparatus 3 according to a modification in which
a door leading end-side first hole portion is provided as
the first hole portion and a push-back mechanism is pro-
vided, corresponding to FIG. 5 of this embodiment. FIG.
12 is an enlarged view showing, in enlargement, part of
the door suspension apparatus 3 shown in FIG. 11, cor-
responding to FIG. 6 of this embodiment. Note that the
description of those elements of the door suspension ap-
paratus 3 that are configured in the same manner as the
door suspension apparatus 1 of this embodiment is omit-
ted by using the same reference numerals in the draw-
ings. Similarly, the description of those elements that are
the same as the elements of this embodiment and not
shown in FIGS. 11 and 12 and is also omitted by using
the same reference numerals in the drawings.
[0082] In the door suspension apparatus 3 shown in
FIGS. 11 and 12, a door leading end-side first hole portion
52 that is disposed on the door leading end side with
respect to the second hole portion 28a is provided as the
first hole portion. The door leading end-side first hole
portion 52 is provided in the second housing member 32
of the door roller unit 29b, and is formed through the
second housing member 32 so as to extend along the
lengthwise direction of the rail 19. In the door suspension
apparatus 3, a variable connection portion 50 includes a
fastening mechanism capable of fixing the door roller por-
tion 22 and the drive connection portion 21 to each other
such that their relative position in the direction along the
lengthwise direction of the rail 19 can be changed, and
a push-back mechanism that biases the door roller por-
tion 22 to the drive connection portion 21 in the closing
direction of the door 11.
[0083] The fastening mechanism of the variable con-
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nection portion 50 includes a bolt 45 serving as a member
that passes through the door leading end-side first hole
portion 52 and the second hole portion 28a and a first
nut 46 that is threadedly engaged with the bolt 45, and
does not include the second nut as in this embodiment.
The bolt 45 of the variable connection portion 50 is dis-
posed so as to be inserted into the second hole portion
28a from the door trailing end side such that the bolt head
45a is engaged with the second block portion 28 of the
drive connection portion 21. On the other hand, the first
nut 46 of the variable connection portion 50 is disposed
so as to be threadedly engaged with the end on the door
leading end side of the bolt 45 that passes through the
door leading end-side first hole portion 52 and to be en-
gaged with the second housing member 32 of the door
roller unit 29b of the door roller portion 22 from the door
leading end side.
[0084] The push-back mechanism of the variable con-
nection portion 50 is disposed between the door leading
end-side first hole portion 52 and the second hole portion
28a, and is configured by a coil spring 51 through which
the bolt 45 passes through. In the compressed state, both
ends of the coil spring 51 are in contact with the second
housing member 32 and the second block portion 28 of
the door roller unit 29b. Accordingly, the push-back
mechanism is configured to bias the door roller portion
22 to the drive connection portion 21 in the closing direc-
tion of the door 11 with the biasing force of the coil spring
51. Also, the push-back mechanism maintains the rela-
tive position of the door roller portion 22 with respect to
the drive connection portion 21 until a force of a prede-
termined magnitude or greater acts on the door roller
portion 22 in the opening direction of the door 11. On the
other hand, when a force of a predetermined magnitude
or greater acts on the door roller portion 22 in the opening
direction of the door 11, the push-back mechanism per-
mits a relative movement of the door roller portion 22 with
respect to the drive connection portion 21 in the opening
direction of the door 11 within a predetermined distance
range.
[0085] With the door suspension apparatus 3 accord-
ing to this modification and a door apparatus including
the same, during the positional adjustment operation of
the door 11 in the opening and closing direction, the po-
sition of the door leading end-side first hole portion 52,
which is disposed on the door leading end side than the
second hole portion 28a, with respect to the second hole
portion 28a is changed by the fastening mechanism, and
thereby the relative position of the drive connection por-
tion 21 with respect to the door roller portion 22 is adjust-
ed. After installation, the door roller portion 22 is main-
tained in the same relative position by being constantly
biased to the drive connection portion 21 in the closing
direction (to the door leading end side) by the push-back
mechanism, and is maintained in the same relative po-
sition also when the locking device 13 is operating with
the door 11 in the fully closed position. However, if some
foreign object is caught on the door leading end side of

the door 11 when the door 11 is being closed and a force
of a predetermined magnitude or greater acts on the door
roller portion 22 in the opening direction, a relative move-
ment of the door roller portion 22 to the drive connection
portion 21 in the opening direction is permitted even if
the locking device 13 is operating, as long as the size of
the foreign object is within a predetermined size range.
Therefore, the foreign object caught in the door 11 can
be pulled out by slightly moving the door 11 in the opening
direction in a forceful manner within a predetermined dis-
tance range that does not cause a safety problem in a
state in which the locking device 13 is kept in operation.
[0086] With the door suspension apparatus 3 and the
door apparatus including the same, the push-back mech-
anism is provided as the coil spring 51 disposed between
the door leading end-side first hole portion 52 and the
second hole portion 28a, and the bolt 45 passing through
the door leading end-side first hole portion 52 and the
second hole portion 28a is disposed so as to pass through
the coil spring 51. Accordingly, it is possible to dispose
the push-back mechanism around the fastening mecha-
nism in a compact manner, thus preventing an increase
in the size of the variable connection portion 50 even if
the push-back mechanism is provided. Although the
above modification has been described, taking, as an
example, a case where the push-back mechanism in-
cludes a coil spring, this need not be the case. For ex-
ample, it is possible to provide a push-back mechanism
including an elastic member having any of various con-
figurations, including, for example, sponge rubber
formed in a cylindrical shape.
[0087] (4) In a door suspension apparatus that in-
cludes a variable connection portion including a push-
back mechanism as illustrated in FIGS. 11 and 12, the
push-back mechanism may further include a regulating
member that regulates the amount of the relative move-
ment of the door roller portion to the drive connection
portion in the opening direction of the door. FIG. 13 is a
diagram showing a modification in which the push-back
mechanism of the variable connection portion 50 in-
cludes a collar 53 serving as the above-described regu-
lating member in the door suspension apparatus 3 shown
in FIGS. 11 and 12, in addition to the coil spring 51, and
the drawing corresponds to FIG. 12. The collar 53 is
formed as a cylindrical member, and is disposed between
the second housing member 32 of the door roller unit 29b
and the second block portion 27 of the drive connection
portion 21 in a state in which the guide portion 30 is in-
serted therethrough. Accordingly, even if an excessive
force of a predetermined magnitude or greater acts on
the door roller portion 22 in the opening direction of the
door 11, the fixing nut 44b that fixes the guide portion 30
to the door roller unit 29b comes into contact with the end
of the collar 53 on the door leading end side upon move-
ment of the door roller portion 22 in the opening direction.
This enables the amount of the relative movement of the
door roller portion 22 with respect to the drive connection
portion 21 in the opening direction of the door 11 to be
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regulated within a preset range, and the door 11 is pre-
vented from being excessively opened with the push-
back mechanism. Also, it is possible to dispose the reg-
ulating member around the guide portion 30 in a compact
manner, thus realizing space saving.
[0088] The configuration of the regulating member is
not limited to the above-described configuration, and var-
ious modifications may be made. For example, a regu-
lating member formed as a cylindrical member as in the
case of the collar 53 may be disposed between the sec-
ond housing member 32 of the door roller unit 29b and
the first block portion 28 of the drive connection portion
21 in a state in which the bolt 45 is inserted therethrough.
In this case, the regulating member may be disposed on
the outer circumferential side of the coil spring 51, or may
be disposed on the inner circumference side of the coil
spring 51. With this configuration as well, it is possible to
prevent the door 11 from being excessively opened with
the push-back mechanism, and dispose the regulating
member around the bolt 45 in a compact manner, thus
realizing space saving.
[0089] (5) Although this embodiment has been de-
scribed, taking, as an example, a configuration in which
the guide portion of the door roller portion is formed as
a shaft-like member, this need not be the case; various
modifications may also be made to the shape. Further,
various modifications may be made to the arrangement
of the guide portion.
[0090] (6) Although this embodiment has been de-
scribed, taking, as an example, a configuration in which
the second housing member of the door roller portion is
provided with the notch engaging portion that is engaged
with the notched portion of the pivot shaft, this need not
be the case. That is, it is possible to adopt a configuration
in which the first housing member is provided with the
notch engaging portion, or both the first housing member
and the second housing member may be provided with
the notch engaging portion.
[0091] (7) Although this embodiment has been de-
scribed, taking, as an example, the door apparatus in
which the open-close drive mechanism includes the drive
motor, the drive pulley, the driven pulley, and the belt,
this need not be the case; various modifications may be
made as long as the open-close drive mechanism is a
mechanism that can be provided in a structure and is
capable of driving a door to be opened and closed. FIGS.
14 and 15 are front views respectively showing a door
apparatus 4 and a door apparatus 5 according to modi-
fications in which open-close drive mechanisms different
from that of this embodiment are provided, and the draw-
ings correspond to FIG. 1 of this embodiment. Note that
the description of those elements of the door apparatus
4 shown in FIG. 14 and the door apparatus 5 shown in
FIG. 15 that are configured in the same manner as the
door apparatus 2 of this embodiment is omitted by using
the same reference numerals in the drawings.
[0092] In the door apparatus 4 shown in FIG. 14, an
open-close drive mechanism 60 includes a drive motor

(not shown), a pinion 61, an upper rack 62, a lower rack
63, and so forth. The pinion 61 is connected to the drive
motor, and is rotationally driven with rotation of the drive
motor. Also, the pinion 61 is disposed so as to be meshed
with the upper rack 62 that is disposed thereabove so as
to extend horizontally and the lower rack 63 that is dis-
posed therebelow so as to extend horizontally. The upper
rack 62 and the lower rack 63 are supported to the struc-
ture so as to be slidably moved parallel to the lengthwise
direction of the rail 19. The upper rack 62 and the lower
rack 63 are configured to be slidably moved in opposite
directions to each other by rotation of the pinion 61. Fur-
ther, the upper rack 62 is connected to a door suspension
apparatus 1 that supports one of two doors 11 in a sus-
pended state, and the lower rack 63 is connected to a
door suspension apparatus 1 that supports the other of
the two doors 11 in a suspended state. Accordingly, ro-
tations of the pinion 61 with a forward operation and a
reverse operation of the drive motor cause the two doors
11 to be driven to be moved in the opening direction and
the closing direction.
[0093] In the door apparatus 5 shown in FIG. 15, an
open-close drive mechanism 70 includes a drive motor
71, a screw shaft 72, a rotation receiving portion 73, nut
members (74a, 74b), and so forth. The screw shaft 72 is
connected to the drive motor 71 at its one end, and is
rotatably supported by the rotation receiving portion 73
at the other end. Accordingly, the screw shaft 72 is rota-
tionally driven with rotation of the drive motor 71. Further,
in the screw shaft 72, an externally threaded portion 72a
formed from the center portion to one end and an exter-
nally threaded portion 72b formed from the center portion
to the other end are formed as threaded portions in re-
verse directions. The nut members (74a, 74b) are pro-
vided as members that are threadedly engaged with the
screw shaft 72 and are connected to the door suspension
apparatus 1. Note that the nut member 74a is threadedly
engaged with one of the externally threaded portions of
the screw shaft 72, namely the externally threaded por-
tion 72a, and is connected to a door suspension appa-
ratus 1 that supports one of two doors 11 in a suspended
state. The nut member 74b is threadedly engaged with
the other externally threaded portion of the screw shaft
72, namely the externally threaded portion 72b, and is
connected to a door suspension apparatus 1 that sup-
ports the other of the two doors 11 in a suspended state.
Accordingly, rotations of the screw shaft 72 with a forward
operation and a reverse operation of the drive motor 71
cause the two doors 11 to be driven to be moved in the
opening direction and the closing direction.

Industrial Applicability

[0094] The present invention is widely applicable as a
door suspension apparatus that supports a door provided
in a structure and driven to be opened and closed by an
open-close drive mechanism, in a state in which the door
is suspended to the structure so as to be slidably moved,
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and that is connected to the open-close drive mecha-
nism, and a door apparatus including the door suspen-
sion apparatus.

Description of the Reference Numerals

[0095]

1 Door suspension apparatus
11 Door
12 Open-close drive mechanism
13 Locking device
17 Lock member (Locking portion)
18 Lock pin (Locked portion)
19 Rail
21 Drive connection portion
22 Door roller portion
23 Variable connection portion
36a, 36b, 36c Door roller

Claims

1. A door suspension apparatus that supports a door
provided in a structure and driven to be opened and
closed by an open-close drive mechanism, in a state
in which the door is suspended to the structure so
as to be slidably moved, and that is connected to the
open-close drive mechanism, the apparatus com-
prising:

a drive connection portion that is provided with
one of a locking portion and a locked portion of
a locking device for locking the door to the struc-
ture in a fully closed position through locking be-
tween the locking portion and the locked portion,
and that is connected to the open-close drive
mechanism;
a door roller portion that includes a door roller
traveling on a rail fixed in the structure, that is
connected to the door, and that supports the
door in a state in which the door is suspended
to the rail so as to be slidably moved and
a variable connection portion that connects the
drive connection portion to the door roller portion
such that a relative position between the drive
connection portion and the door roller portion in
a direction along a lengthwise direction of the
rail can be changed

2. The door suspension apparatus according to claim 1,
wherein the door roller portion comprises a first hole
portion that is formed therethrough so as to extend
along the lengthwise direction of the rail,
the drive connection portion comprises a second
hole portion that extends along the lengthwise direc-
tion of the rail and that is formed therethrough so as
to face the first hole portion, and

the variable connection portion comprises a fasten-
ing mechanism that includes a member passing
through the first hole portion and the second hole
portion and that is capable of fixing the door roller
portion and the drive connection portion to each oth-
er such that a relative position therebetween can be
changed.

3. The door suspension apparatus according to claim 2,
wherein the fastening mechanism comprises a bolt
that is provided as the member passing through the
first hole portion and the second hole portion and
whose bolt head is engaged with one of the door
roller portion and the drive connection portion, and
a first nut that is threadedly engaged with the bolt
and is engaged with the other of the door roller por-
tion and the drive connection portion, and
the first hole portion is disposed on a door trailing
end side, which is the side on which the end of the
door in an opening direction is located, with respect
to the second hole portion.

4. The door suspension apparatus according to claim 3,
wherein the fastening mechanism further comprises
a second nut that is threadedly engaged with the bolt,
the bolt is inserted into the second hole portion from
a door leading end side, which is the side on which
the end of the door in the closing direction is located,
and the bolt head is engaged with the drive connec-
tion portion,
the second nut is disposed on the side opposite to
the bolt head via the second hole portion and is en-
gaged with the drive connection portion from the door
trailing end side, and
the first nut is engaged with the door roller portion
from the door trailing end side.

5. The door suspension apparatus according to any
one of claims 2 to 4,
wherein the door roller portion further comprises a
guide portion for guiding movement of the drive con-
nection portion along the lengthwise direction of the
rail, and
a direction in which the first hole portion and the sec-
ond hole portion extend in the lengthwise direction
of the rail and a direction in which the guide portion
is disposed along the lengthwise direction of the rail
are displaced parallel to each other.

6. The door suspension apparatus according to claim 5,
wherein the guide portion is formed as a shaft-like
member extending along the lengthwise direction of
the rail, and is slidably inserted into a guide hole por-
tion that is formed through the drive connection por-
tion, and
the door roller is disposed on either side in a direction
along the lengthwise direction of the rail with respect
to the guide portion.
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7. The door suspension apparatus according to claim 6,
wherein a direction in which the first hole portion and
the second hole portion extend along the lengthwise
direction of the rail and a direction in which the guide
portion and the door roller are disposed along the
lengthwise direction of the rail are arranged side by
side in the horizontal direction and displaced parallel
to each other.

8. The door suspension apparatus according to any
one of claims 1 to 7,
wherein the door roller portion comprises a pivot
shaft that is disposed extending along the lengthwise
direction of the rail, and a pivot member that is pro-
vided pivotably about the pivot shaft and on which
the door can be suspended.

9. The door suspension apparatus according to claim 8,
wherein the door roller portion further comprises a
rotational shaft for rotatably supporting the door roll-
er, a first housing member in which a through hole
passing through the pivot shaft is formed, a second
housing member to which the rotational shaft is at-
tached and that is disposed facing the first housing
member,
the pivot shaft is provided with a notched portion that
is recessed so as to be notched in a groove shape
along the circumferential direction thereof,
at least one of the first housing member and the sec-
ond housing member is provided with a notch en-
gaging portion that is engaged with the notched por-
tion, and
the first housing member and the second housing
member are fixed to each other with a single exter-
nally threaded member that is threadedly engaged
with an internally threaded hole formed in the rota-
tional shaft.

10. The door suspension apparatus according to claim 2,
wherein a door leading end-side first hole portion
that is disposed on a door leading end side, which
is the side on which the end of the door in the closing
direction is located, with respect to the second hole
portion is provided as the first hole portion,
the fastening mechanism includes a member pass-
ing through the door leading end-side first hole por-
tion and the second hole portion, and is capable of
fixing the door roller portion and the drive connection
portion such that a relative position therebetween
can be changed,
the variable connection portion further comprises a
push-back mechanism that biases the door roller
portion to the drive connection portion in a closing
direction of the door, and
the push-back mechanism maintains a relative po-
sition of the door roller portion with respect to the
drive connection portion until a force of a predeter-
mined magnitude or greater acts on the door roller

portion in an opening direction of the door, and per-
mits a relative movement of the door roller portion
with respect to the drive connection portion in the
opening direction of the door within a predetermined
distance range when a force of a predetermined
magnitude or greater acts on the door roller portion
in the opening direction of the door.

11. The door suspension apparatus according to claim
10,
wherein the push-back mechanism comprises a coil
spring that is disposed between the door leading
end-side first hole portion and the second hole por-
tion and through which the member passing through
the door leading end-side first hole portion and the
second hole portion passes, and biases the door roll-
er portion to the drive connection portion in the clos-
ing direction of the door with a biasing force of the
coil spring.

12. A door apparatus comprising: the door suspension
apparatus according to any one of claims 1 to 11; a
door that is provided in a structure and is supported
by the door suspension apparatus in a state of being
suspended to the structure so as to be slidably
moved; an open-close drive mechanism that is con-
nected to the door suspension apparatus and that
drives the door to be opened and closed.
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