
SPECIFICATION ELEVATOR SAFETY DEVICE TECHNICAL FIELD [0001]The present
invention relates to an elevator safety 5 device, and more particularly to
an elevator safety device that detects a foreign matter at an entrance by
using a light beam. BACKGROUND ART
10[0002]Foranelevator,forexample,ifaperson accompanied by a pet such as a
dog on a leash enters an elevator car while the pet is still on a landing
floor, a car door and a landing door may close with the leash stretched
between the inside of the elevator car and the landing floor, 15 and the
elevator car may ascend or descend. Thus, a hand of the person is strongly
pulled by the leash on the pet, and in some cases, a wrist or the like may
severely be injured.  [0003]To a car door of an elevator, a safety shoe
frame is mounted, which protrudes from an end surface of the car door 20 in
a closing direction and moves relative to the car door. When the safety
shoe frame bumps into a person or a foreign matter during closing of the
car door and a force is applied to the safety shoe frame, closing
operations of the car door and a landing door are inverted to opening
operations. 25  Also, a light beam crossing an entrance of an elevator car
is generated, and closing operations of a car door and a landing door are
inverted to opening operations when the light beam is blocked by a person
or a foreign matter. Various methods are proposed as foreign matter
detection methods using 30 a light beam (for example, see Patent
Literatures 1 and 2). CITATION LIST PATENT LITERATURE [0004]Patent
Literature 1: Japanese Utility Model Laid- 



35 Open No. 61-203680 Patent Literature 2: Japanese Patent Laid-Open No. 4-
358685 DISCLOSURE OF THE INVENTION [0005]Some elevators that detect a
foreign matter using a 5 light beam adopt a laser as a light emitter.
However, laser lights are classified according to the hazard, and even
laser lights in relatively safe classes may cause damage to eyes of a
person who looks into the lights. Also, the person may be afraid that
his/her eyes are damaged 10 by looking into the lights. Thus, the elevator
that detects a foreign matter using a light beam such as a laser light
needs to take measures to prevent the light beam from being looked into.
The present invention has an object to provide an 15 elevator safety device
that can prevent a light beam from being looked into. [0006]A first
elevator safety device according to the present invention is an elevator
safety device that includes a pair of car doors that move toward and away
from each other to 20 close and open an entrance, including: light emitting
means for emitting a light beam crossing the entrance; light receiving
means for detecting the light beam emitted from the light emitting means;
foreign matter detection means for generating a foreign matter detection
signal when detection of 25 the light beam by the light receiving means is
interrupted; and control means for controlling opening and closing
operations of the car doors and an emission of the light beam by the light
emitting means. The control means causes the light emitting means to stop
the emission in a fully opened 30 state of the car doors, and causes the
light emitting means to start the emission at a start of or during the
closing operation of the car doors. [0007]In the first elevator safety
device according to the 



present invention, in the fully opened state of the car doors, 35 the
emission by the light emitting means is stopped, and a foreign matter
detection operation by the foreign matter  3 detection means is not
performed.       At the start of or during the closing operation of the car
doors, the emission by the light emitting means is started and the foreign
matter detection operation by the foreign 5 matter detection means is
started. When there is no foreign matter at the entrance of the elevator
car, the light beam emitted from the light emitting means enters the light
receiving means after the foreign matter detection operation is started and
until the car doors are fully closed. Thus, the 10 detection of the light
beam by the light receiving means is not interrupted, and no foreign matter
detection signal is generated. In contrast, when there is a foreign matter
at the entrance, the light beam emitted from the light emitting means is
blocked by the foreign matter after the foreign matter 15 detection
operation is started and until the car doors are fully closed. Thus, the
detection of the light beam by the light receiving means is interrupted,
and thus the foreign matter detection signal is generated. In the first
elevator safety device according to the 20 present invention, as described
above, the emission by the light emitting means is stopped in the fully
opened state of the car doors, thereby preventing the light beam from being
looked into in the state. [0008]In a specific aspect, the control means
causes the 25 light emitting means to stop the emission during a normal
opening operation in which the car doors open from a fully closed position.
This can prevent the light beam from being looked into during the normal
opening operation of the car doors. 30[0009]In a specific aspect, the
control means inverts the 



car doors from the closing operation to the opening operation when the
foreign matter detection means generates a foreign matter detection signal
during closing of the car doors, and causes the light emitting means to
stop the emission during an 35 invert opening operation of the car doors.
[0010]In the specific aspect, when there is a foreign  4 matter at the
entrance, the foreign matter detection signal is generated during closing
of the car doors as described above, and thus the car doors are inverted
from the closing operation to the opening operation. At this time, the
emission by the 5 light emitting means is stopped. This can prevent the
light beam from being looked into during the invert opening operation of
the car doors.        If a person tries to place his/her head or shoulder
in the entrance to look into the light beam emitted from the 10 light
emitting means during the closing operation of the car doors, the foreign
matter detection means detects the person's head or shoulder as a foreign
matter. Thus, the car doors are inverted from the closing operation to the
opening operation, and the emission by the light emitting means is stopped.
Thus, 15 it is impossible to look into the light beam emitted from the
light emitting means during the closing operation of the car doors, thereby
preventing the light beam from being looked into also during the closing
operation of the car doors. [0011]A second elevator safety device according
to the 20 present invention is an elevator safety device that includes a
pair of car doors that move toward and away from each other to close and
open an entrance, including: light emitting means for emitting a light beam
crossing the entrance; light receiving means for detecting the light beam
emitted from the 25 light emitting means; foreign matter detection means
for generating a foreign matter detection signal when detection of the
light beam by the light receiving means is interrupted; closed position
detection means for detecting that the car doors are closed to a
predetermined closed position; and 30 control means for controlling opening
and closing operations of the car doors and an emission of the light beam
by the light emitting means. The control means causes the light emitting
means to stop the emission in a fully opened state of the car doors and
after a closing operation of the car doors 35 is started and until the
closed position detection means detects that the car doors are closed to
the predetermined  closed position, and causes the light emitting means to
start the emission when the closed position detection means detects that
the car doors are closed to the predetermined closed position. 



5[0012]In the second elevator safety device according to the present
invention, in the fully opened state of the car doors and after the closing
operation of the car doors is started and until a closed position of the
car doors reaches the predetermined closed position, the emission by the
light JO emitting means is stopped, and the foreign matter detection
operation by the foreign matter detection means is not performed. The
predetermined closed position is set in a position where a width between
end surfaces in a closing direction of the car doors to abut against each
other is such 15 a width that a person's head or shoulder cannot enter
between the end surfaces.       At the time when the closed position of the
car doors reaches the predetermined closed position, the emission by the
light emitting means is started, and the foreign matter 20 detection
operation by the foreign matter detection means is started. When there is
no foreign matter at the entrance of the elevator car, the light beam
emitted from the light emitting means enters the light receiving means
after the foreign matter detection operation is started and until the 25
car doors are fully closed. Thus, the detection of the light beam by the
light receiving means is not interrupted, and no foreign matter detection
signal is generated. In contrast, when there is a foreign matter at the
entrance, the light beam emitted from the light emitting means is blocked
by the 30 foreign matter after the foreign matter detection operation is
started and until the car doors are fully closed. Thus, the detection of
the light beam by the light receiving means is interrupted, and the foreign
matter detection signal is generated. 35[0013]In the second elevator safety
device according to the present invention, as described above, in the fully
opened  6 state of the car doors, the emission by the light emitting means
is stopped, thereby preventing the light beam from being looked into in the
state. Also, during the closing operation of the car doors, the emission by
the light emitting means is 5 started at the time when the car doors are
closed to the predetermined closed position. Thus, it is physically
impossible for a person to place his/her head or shoulder in the entrance
to look into the light beam after the emission is started, thereby reliably
preventing the light beam from being 10 looked into also during the closing
operation of the car doors. [0014] In a specific aspect, the control means
causes the light emitting means to stop the emission during a normal
opening operation in which the car doors open from the fully closed
position. This can prevent the light beam from being 15 looked into during
the normal opening operation of the car doors. [0015]In a specific aspect,
the control means inverts the 



car doors from the closing operation to the opening operation when the
foreign matter detection means generates a foreign 20 matter detection
signal during closing of the car doors, and causes the light emitting means
to stop the emission during a invert opening operation of the car doors.
[0016]In a specific aspect, when there is a foreign matter at the entrance,
as described above, the foreign matter 25 detection signal is generated
during closing of the car doors from the predetermined closed position, and
thus the car doors are inverted from the closing operation to the opening
operation. At this time, the emission by the light emitting means is
stopped. This can prevent the light beam from being 30 looked into during
the invert opening operation of the car doors. [0017]A third elevator
safety device according to the present invention is an elevator safety
device that includes a pair of car doors that move toward and away from
each other to 35 close and open an entrance, including: light emitting
means for emitting a light beam crossing the entrance; light  7 receiving
means for detecting the light beam emitted from the light emitting means;
foreign matter detection means for generating a foreign matter detection
signal when detection of the light beam by the light receiving means is
interrupted; 5 and control means for controlling opening and closing
operations of the car doors and an emission of the light beam by the light
emitting means. The control means causes the light emitting means to
perform the emission in a fully opened state of the car doors, and causes
the light emitting means to 10 stop the emission when the foreign matter
detection means generates a foreign matter detection signal in the state. 



[0018]In the third elevator safety device according to the present
invention, in the fully opened state of the car doors, the emission by the
light emitting means is performed and the 15 foreign matter detection
operation by the foreign matter detection means is performed. When there is
no foreign matter at the entrance of the elevator car, the light beam
emitted from the light emitting means enters the light receiving means.
Thus, the detection of the light beam by the light receiving 20 means is
not interrupted, and no foreign matter detection signal is generated. In
contrast, when there is a foreign matter at the entrance, the light beam
emitted from the light emitting means is blocked by the foreign matter, and
thus the detection of the light beam by the light receiving means is 25
interrupted, and the foreign matter detection signal is generated. [0019]In
the third elevator safety device according to the present invention, as
described above, when a foreign matter detection signal is generated in the
fully opened state of the 30 car doors, the emission by the light emitting
means is stopped. Thus, if a person tries to place his/her head or shoulder
in the entrance to look into the light beam emitted from the light emitting
means in the fully opened state of the car doors, the person's head or
shoulder is detected as a foreign 35 matter, and thus the emission by the
light emitting means is stopped. Thus, it is impossible to look into the
light beam  8 emitted from the light emitting means in the fully opened
state of the car doors, thereby preventing the light beam from being looked
into in the fully opened state of the car doors. [0020]In a specific
aspect, the control means extends a 5 time period during which the car
doors should be maintained in the fully opened state when the foreign
matter detection means generates a foreign matter detection signal in the
fully opened state of the car doors. Thus, if a person tries to place
his/her head or shoulder in the entrance to look into 10 the light beam
immediately before the closing operation of the car doors is started, the
car door can be prevented from bumping into the person's head or shoulder.
[0021]In a specific aspect, the control means causes the light emitting
means to stop the emission in the fully opened 



15 state of the car doors, then causes the light emitting means to start
the emission at the expiration of the time period during which the car
doors should be maintained in the fully opened state, and causes the light
emitting means to stop the emission and extends the time period during
which the car 20 doors should be maintained in the fully opened state when
the foreign matter detection means generates a foreign matter detection
signal, while the control means starts the closing operation of the car
doors when no foreign matter detection signal is generated. 25[0022]In the
specific aspect, when there is a foreign matter at the entrance in the
fully opened state of the car doors or a person is looking into the light
beam, and thus the foreign matter detection signal is generated to stop the
emission by the light emitting means, the emission by the 30 light emitting
means is then started at the expiration of the time period during which the
car doors should be maintained in the fully opened state. When a foreign
matter detection signal is generated again, it is supposed that the foreign
matter remains at the entrance or a person continues looking into the 35
light beam. Thus, the emission by the light emitting means is stopped
again, and the car doors are maintained in the fully  9 opened state.In
contrast, when no foreign matter detection 



signal is generated, the closing operation of the car doors is started
while the emission by the light emitting means is continued.
5[0023]Further, in a specific aspect, the control means causes the light
emitting means to stop the emission during a normal opening operation in
which the car doors open from the fully closed position. This can prevent
the light beam from being looked into during the normal opening operation
of the 10 car doors. [0024]Further, in a specific aspect, the control means
causes the light emitting means to perform the emission during the closing
operation of the car doors, inverts the car doors from the closing
operation to the opening operation when the 15 foreign matter detection
means generates a foreign matter detection signal during closing of the car
doors, and causes the light emitting means to stop the emission during an
invert opening operation of the car doors. [0025]In the specific aspect,
when there is no foreign 20 matter at the entrance of the elevator car, the
light beam emitted from the light emitting means enters the light receiving
means before the car doors are fully closed. Thus, the detection of the
light beam by the light receiving means is not interrupted, and no foreign
matter detection signal is 25 generated. In contrast, when there is a
foreign matter at the entrance, the light beam emitted from the light
emitting means is blocked by the foreign matter before the car doors are
fully closed. Thus, the detection of the light beam by the light receiving
means is interrupted, and the foreign matter 30 detection signal is
generated.       In the specific aspect, when there is a foreign matter at
the entrance, the foreign matter detection signal is generated during
closing of the car doors as described above, and thus the car doors are
inverted from the closing operation to the 35 opening operation.At this
time, the emission by the light emitting means is stopped. This can prevent
the light beam  



10  from being looked into during an invert opening operation of the car
doors.       If a person tries to place his/her head or shoulder in the
entrance to look into the light beam emitted from the 5 light emitting
means during the closing operation of the car doors, the foreign matter
detection means detects the person's head or shoulder as a foreign matter.
Thus, the car doors are inverted from the closing operation to the opening
operation, and the emission by the light emitting means is stopped. Thus,
10 it is impossible to look into the light beam emitted from the light
emitting means during the closing operation of the car doors, thereby
preventing the light beam from being looked into during the closing
operation of the car doors. [0026]In a specific aspect of the first to
third elevator 15 safety devices according to the present invention, the
control means includes: forcible door closing means for performing a
forcible door closing operation of forcibly closing the car doors
irrespective of whether or not the foreign matter detection means generates
a foreign matter detection signal; 20 and notification means for notifying
of performance of the forcible door closing operation before or during the
forcible door closing operation by the forcible door closing means.
[0027]According to the specific aspect, an accident can be prevented that a
passenger is caught by the car door at 25 completion of the forcible door
closing operation. [0028]In a specific aspect, the control means further
includes: elevator car control means for starting traveling of the elevator
car after the forcible door closing means completes the forcible door
closing operation; and second 30 notification means for notifying of
starting traveling of the elevator car before the elevator car control
means starts traveling of the elevator car when the foreign matter
detection means generates a foreign matter detection signal during the
forcible door closing operation by the forcible 35 door closing means. 



[0029]According to the specific aspect, if a person 11 mischievously or
intentionally stretches a foreign matter (for example, a string-like
foreign matter) between the elevator car and a landing floor, an accident
can be prevented that traveling of the elevator car is started with the
foreign 5 matter caught between the car door and the landing door after the
forcible door closing operation is completed. [0030]A fourth elevator
safety device according to the present invention is an elevator safety
device that includes at least one car door that moves toward and away from
a 10 doorstop frame to close and open an entrance, including: light
emitting means for emitting a light beam crossing the entrance; light
receiving means for detecting the light beam emitted from the light
emitting means; foreign matter detection means for generating a foreign
matter detection 15 signal when detection of the light beam by the light
receiving means is interrupted; and control means for controlling opening
and closing operations of the car door and an emission of the light beam by
the light emitting means. The control means causes the light emitting means
to stop the emission in 20 a fully opened state of the car door, and causes
the light emitting means to start the emission at a start or during the
closing operation of the car door. [0031]In the fourth elevator safety
device according to the present invention, in the fully opened state of the
car 25 door, the emission by the light emitting means is stopped, and the
foreign matter detection operation by the foreign matter detection means is
not performed. The emission by the light emitting means is started at the
start or during the closing operation of the car door, and 30 the foreign
matter detection operation by the foreign matter detection means is
started. When there is no foreign matter at 



the entrance of the elevator car, the light beam emitted from the light
emitting means enters the light receiving means after the foreign matter
detection operation is started and 35 until the car door is fully closed.
Thus, the detection of the light beam by the light receiving means is not
interrupted,  12 and no foreign matter detection signal is generated.In
contrast, when there is a foreign matter at the entrance, the light beam
emitted from the light emitting means is blocked by the foreign matter
after the foreign matter detection 5 operation is started and until the car
door is fully closed. Thus, the detection of the light beam by the light
receiving means is interrupted, and the foreign matter detection signal is
generated. In the fourth elevator safety device according to the 10 present
invention, as described above, the emission by the light emitting means is
stopped in the fully opened state of the car door, thereby preventing the
light beam from being looked into in the state. [0032]In a specific aspect,
the control means causes the 15 light emitting means to stop the emission
during a normal opening operation in which the car door opens from the
fully closed position. This can prevent the light beam from being looked
into during the normal opening operation of the car door. 20[0033]In a
specific aspect, the control means inverts the 



car door from the closing operation to the opening operation when the
foreign matter detection means generates a foreign matter detection signal
during closing of the car door, and causes the light emitting means to stop
the emission during a 25 invert opening operation of the car door. [0034]In
the specific aspect, when there is a foreign matter at the entrance, as
described above, the foreign matter detection signal is generated during
the closing of the car door, and thus the car door is inverted from the
closing 30 operation to the opening operation. At this time, the emission
by the light emitting means is stopped. This can prevent the light beam
from being looked into during the invert opening operation of the car door.
If a person tries to place his/her head or shoulder in 35 the entrance to
look into the light beam emitted from the light emitting means during the
closing operation of the car  13 door, the foreign matter detection means
detects the person's head or shoulder as a foreign matter. Thus, the car
door is inverted from the closing operation to the opening operation, and
the emission by the light emitting means is stopped. Thus, 5 it is
impossible to look into the light beam emitted from the light emitting
means during the closing operation of the car door, thereby preventing the
light beam from being looked into during the closing operation of the car
door. [0035]A fifth elevator safety device according to the 10 present
invention is an elevator safety device that includes at least one car door
that moves toward and away from a doorstop frame to close and open an
entrance, including: light emitting means for emitting a light beam
crossing the entrance; light receiving means for detecting the light beam
15 emitted from the light emitting means; foreign matter detection means
for generating a foreign matter detection signal when detection of the
light beam by the light receiving means is interrupted; closed position
detection means for detecting that the car door is closed to a
predetermined 



20 closed position; and control means for controlling opening and closing
operations of the car door and an emission of the light beam by the light
emitting means. The control means causes the light emitting means to stop
an emission in a fully opened state of the car door and after the closing
operation 25 of the car door is started and until the closed position
detection means detects that the car door is closed to the predetermined
closed position, and causes the light emitting means to start the emission
when the closed position detection means detects that the car door is
closed to the predetermined 30 closed position. [0036]In the fifth elevator
safety device according to the present invention, in the fully opened state
of the car door and after the closing operation of the car door is started
and until a closed position of the car door reaches the 35 predetermined
closed position, the emission by the light emitting means is stopped, and
the foreign matter detection  14 operation by the foreign matter detection
means is not performed. The predetermined closed position is set in a
position where a width between an end surface in a closing direction of the
car door and the doorstop frame is such a 5 width that a person's head or
shoulder cannot enter between the end surface and the doorstop frame.
At the time when the closed position of the car door reaches the
predetermined closed position, the emission by the light emitting means is
started, and the foreign matter 10 detection operation by the foreign
matter detection means is started. When there is no foreign matter at the
entrance of the elevator car, the light beam emitted from the light
emitting means enters the light receiving means after the foreign matter
detection operation is started and until the 15 car door is fully closed.
Thus, the detection of the light beam by the light receiving means is not
interrupted, and no foreign matter detection signal is generated. In
contrast, when there is a foreign matter at the entrance, the light beam
emitted from the light emitting means is blocked by the 20 foreign matter
after the foreign matter detection operation is started and until the car
door is fully closed. Thus, the detection of the light beam by the light
receiving means is interrupted, and the foreign matter detection signal is
generated. 



25[0037]In the fifth elevator safety device according to the present
invention, as described above, the emission by the light emitting means is
stopped in the fully opened state of the car door, thereby preventing the
light beam from being looked into in the state. Also, during the closing
operation 30 of the car door, the emission by the light emitting means is
started at the time when the car door is closed to the predetermined closed
position. Thus, it is physically impossible for a person to place his/her
head or shoulder in the entrance to look into the light beam after the
emission is 35 started, thereby reliably preventing the light beam from
being looked into during the closing operation of the car doors.  15
[0038]In a specific aspect, the control means causes the light emitting
means to stop the emission during a normal opening operation in which the
car door opens from the fully closed position. This can prevent the light
beam from being 5 looked into during the normal opening operation of the
car door. [0039]In a specific aspect, the control means inverts the car
door from the closing operation to the opening operation when the foreign
matter detection means generates a foreign 10 matter detection signal
during closing of the car door, and causes the light emitting means to stop
the emission during the invert opening operation of the car door. [0040]In
the specific aspect, when there is a foreign 



matter at the entrance, as described above, the foreign matter 15 detection
signal is generated during the closing of the car door from the
predetermined closed position, and thus the car door is inverted from the
closing operation to the opening operation. At this time, the emission by
the light emitting means is stopped. This can prevent the light beam from
being 20 looked into during the invert opening operation of the car door.
[0041]A sixth elevator safety device according to the present invention is
an elevator safety device that includes at least one car door that moves
toward and away from a 25 doorstop frame to close and open an entrance,
including: light emitting means for emitting a light beam crossing the
entrance; light receiving means for detecting the light beam emitted from
the light emitting means; foreign matter detection means for generating a
foreign matter detection 30 signal when detection of the light beam by the
light receiving means is interrupted; and control means for controlling
opening and closing operations of the car door and an emission of the light
beam by the light emitting means. The control means causes the light
emitting means to perform the emission 35 in a fully opened state of the
car door, and causes the light emitting means to stop the emission when the
foreign matter  16 detection means generates a foreign matter detection
signal in the state. [0042]In the sixth elevator safety device according to
the present invention, in the fully opened state of the car door, 5 the
emission by the light emitting means is performed, and the foreign matter
detection operation by the foreign matter detection means is performed.
When there is no foreign matter at the entrance of the elevator car, the
light beam emitted from the light emitting means enters the light receiving
means. 10 Thus, the detection of the light beam by the light receiving
means is not interrupted, and no foreign matter detection signal is
generated. In contrast, when there is a foreign matter at the entrance, the
light beam emitted from the light emitting means is blocked by the foreign
matter, and thus the 15 detection of the light beam by the light receiving
means is interrupted, and the foreign matter detection signal is generated.



[0043]In the sixth elevator safety device according to the present
invention, as described above, when a foreign matter 20 detection signal is
generated in the fully opened state of the car door, the emission by the
light emitting means is stopped. Thus, if a person tries to place his/her
head or shoulder in the entrance to look into the light beam emitted from
the light emitting means in the fully opened state of the car door, 25 the
person's head or shoulder is detected as a foreign matter, and thus the
emission by the light emitting means is stopped. Thus, it is impossible to
look into the light beam emitted from the light emitting means in the fully
opened state of the car door, thereby preventing the light beam from being
looked 30 into in the fully opened state of the car door. [0044]In a
specific aspect, the control means extends a time period during which the
car door should be maintained in the fully opened state when the foreign
matter detection means generates a foreign matter detection signal in the
fully 35 opened state of the car door. Thus, if a person tries to place
his/her head or shoulder in the entrance to look into the  17 light beam
immediately before the closing operation of the car door is started, the
car door can be prevented from bumping into the person's head or shoulder.
[0045]In a specific aspect, the control means causes the 5 light emitting
means to stop the emission in the fully opened state of the car door, then
causes the light emitting means to start the emission at the expiration of
the time period during which the car door should be maintained in the fully
opened state, and causes the light emitting means to stop the 10 emission
and extends the time period during which the car door should be maintained
in the fully opened state when the foreign matter detection means generates
a foreign matter detection signal, while the control means starts the
closing operation of the car door when no foreign matter detection 



15 signal is generated. [0046]In the specific aspect, when there is a
foreign matter at the entrance in the fully opened state of the car door or
a person is looking into the light beam, and thus the foreign matter
detection signal is generated to stop the 20 emission by the light emitting
means, the emission by the light emitting means is then started at the
expiration of the time period during which the car door should be
maintained in the fully opened state. When a foreign matter detection
signal is generated again, it is supposed that a foreign matter 25 remains
at the entrance or a person continues looking into the light beam. Thus,
the emission by the light emitting means is stopped again, and the car door
is maintained in the fully opened state. In contrast, when no foreign
matter detection signal is generated, the closing operation of the car door
is 30 started while the emission by the light emitting means is continued.
[0047]Further, in a specific aspect, the control means causes the light
emitting means to stop the emission during a normal opening operation in
which the car door opens from the 35 fully closed position. This can
prevent the light beam from being looked into during the normal opening
operation of the  18 car door. [0048]Further, in a specific aspect, the
control means 



causes the light emitting means to perform the emission during the closing
operation of the car door, inverts the car door 5 from the closing
operation to the opening operation when the foreign matter detection means
generates a foreign matter detection signal during closing of the car door,
and causes the light emitting means to stop the emission during a invert
opening operation of the car door. 10[0049]In the specific aspect, when
there is no foreign matter at the entrance of the elevator car, the light
beam emitted from the light emitting means enters the light receiving means
before the car door is fully closed. Thus, the detection of the light beam
by the light receiving means is 15 not interrupted, and no foreign matter
detection signal is generated. In contrast, when there is a foreign matter
at the entrance, the light beam emitted from the light emitting means is
blocked by the foreign matter before the car door is fully closed. Thus,
the detection of the light beam by the light 20 receiving means is
interrupted, and the foreign matter detection signal is generated.
In the specific aspect, when there is a foreign matter at the entrance, the
foreign matter detection signal is generated during closing of the car door
as described above, and thus 25 the car door is inverted from the closing
operation to the opening operation. At this time, the emission by the light
emitting means is stopped. This can prevent the light beam from being
looked into during an invert opening operation of the car door. 30If a
person tries to place his/her head or shoulder in the entrance to look into
the light beam emitted from the light emitting means during the closing
operation of the car door, the foreign matter detection means detects the
person's head or shoulder as a foreign matter. Thus, the car door is 35
inverted from the closing operation to the opening operation, and the
emission by the light emitting means is stopped. Thus,  



19 it is impossible to look into the light beam emitted from the light
emitting means during the closing operation of the car door, thereby
preventing the light beam from being looked into during the closing
operation of the car door. 5[0050]In a specific aspect of the fourth to
sixth elevator safety device according to the present invention, the
control means further includes: forcible door closing means for performing
a forcible door closing operation of forcibly closing the car door
irrespective of whether or not the 10 foreign matter detection means
generates a foreign matter detection signal; and notification means for
notifying of performance of the forcible door closing operation before or
during the forcible door closing operation by the forcible door closing
means. 15[0051]According to the specific aspect, an accident can be
prevented that a passenger is caught by the car door at completion of the
forcible door closing operation. [0052]In a specific aspect, the control
means further includes: elevator car control means for starting traveling
of 20 the elevator car after the forcible door closing means completes the
forcible door closing operation; and second notification means for
notifying of starting traveling of the elevator car before the elevator car
control means starts traveling of the elevator car when the foreign matter
25 detection means generates a foreign matter detection signal during the
forcible door closing operation by the forcible door closing means.
[0053]According to the specific aspect, if a person mischievously or
intentionally stretches a foreign matter (for 30 example, a string-like
foreign matter) between the elevator car and a landing floor, an accident
can be prevented that traveling of the elevator car is started with the
foreign matter caught between the car door and the landing door after the
forcible door closing operation is completed. 35[0054]The first to sixth
elevator safety devices according to the present invention can prevent the
light beam from being  



20 looked into. BRIEF DESCRIPTION OF THE DRAWINGS [0055][Figure 1] Figure 1
is a front view showing a fully 5 opened state of car doors of an elevator
according to the present invention;  [Figure 2] Figure 2 is a front view
showing a fully closed state of the car doors of the elevator; [Figure 3]
Figure 3 is a perspective view showing a mounting 10 state of a light
emitting/receiving unit in the elevator; [Figure 4] Figure 4 is a
perspective view showing a mounting state of a first reflecting member in
the elevator;  [Figure 5] Figure 5 is a perspective view showing a mounting
state of a second reflecting member in the elevator; 15[Figure 6] Figure 6
is a perspective view showing a mounting state of a foreign matter entrance
preventing member in the elevator;  [Figure 7] Figure 7 is a perspective
view showing a mounting state of a cleaning tool in the elevator; 20[Figure
8] Figure 8 is a perspective view showing a positional relationship between
the first reflecting member and the cleaning tool in the elevator;  [Figure
9] Figure 9 is a horizontal sectional view showing an arrangement example
of a light beam with an overtravel; 25[Figure 10] Figure 10 is a horizontal
sectional view showing an arrangement example of a light beam without an
overtravel; [Figure 11] Figure 11 is a series of horizontal sectional views
showing a former half of an example of a string detection operation; 



30[Figure 12] Figure 12 is a series of horizontal sectional views showing a
latter half of the example of the string detection operation;    [Figure
13] Figure 13 is a series of horizontal sectional views showing a former
half of another example of a string 35 detection operation; [Figure 14]
Figure 14 is a series of horizontal sectional  21. views showing a latter
half of the example of the string detection operation;    [Figure 15]
Figure 15 is a series of horizontal sectional views showing a former half
of a further example of a string 5 detection operation;  [Figure 16] Figure
16 is a series of horizontal sectional views showing a latter half of the
example of the string detection operation;      [Figure 17] Figure 17 is a
block diagram showing an electrical 10 configuration of the elevator;
[Figure 18] Figure 18 is a flowchart showing a control procedure performed
in an elevator according to a first embodiment; [Figure 19] Figure 19 is a
separate view of Figure 18; 15 [Figure 20] Figure 20 is a flowchart showing
a control procedure performed in an elevator according to a second
embodiment; [Figure 21] Figure 21 is a separate view of Figure 20; [Figure
22] Figure 22 is a flowchart showing a control 20 procedure performed in an
elevator according to a third embodiment; [Figure 23] Figure 23 is a first
separate view of Figure 22; [Figure 24] Figure 24 is a second separate view
of Figure 22; [Figure 25] Figure 25 is a front view showing a fully opened 



25 state of a car door of another elevator that can carry out the present
invention; [Figure 26] Figure 26 is a front view showing a fully opened
state of car doors of a further elevator that can carry out the present
invention; 30[Figure 27] Figure 27 is a front view showing a fully opened
state of car doors of a further elevator that can carry out the present
invention;    [Figure 28] Figure 28 is a front view showing a fully opened
state of a car door of a further elevator that can carry out 35 the present
invention; [Figure 29] Figure 29 is a horizontal sectional view showing  99
essential parts of a further elevator that can carry out the present
invention; and    [Figure 30] Figure 30 is a horizontal sectional view
showing essential parts of a further elevator that can carry out the 5
present invention. BEST MODE FOR CARRYING OUT THE INVENTION [0056]Now,
embodiments of the present invention will be described in detail with
reference to the drawings. 10 First embodiment        As shown in Figures 1
and 2, an elevator according to this embodiment is a center open type
elevator including a pair of left and right car doors (2) and (3) that open
and close an entrance of an elevator car. A rail (1) is secured to 15 a
frame (102) in an upper position of the entrance, the car doors (2) and (3)
are hung on the rail (1) by hangers (21) and (31), and guide shoes (22) and
(32) protruding at lower ends of the doors slidably fit in a doorsill (8)
and guide horizontal reciprocation. 20On the frame (102), a control unit
(100) that controls 



opening and closing operations of the car doors (2) and (3) is provided.
[0057]In the left car door (2), as shown in Figure 1, a light
emitting/receiving unit (4) is provided so as to be 25 directed vertically
downward in an upper end position on a vertical line a predetermined
distance (for example, 12 mm) apart from an end surface (2a) in a closing
direction to abut against the right car door (3) toward the right car door
(3), while a first reflecting member (5) is provided so as to be 30
directed vertically upward in a lower end position of the vertical line.
[0058]The light emitting/receiving unit (4) integrally includes a light
emitter that emits a laser light beam (hereinafter referred to as a light
beam) B and a light 35 receiver that detects the incident light beam B, and
is supported by a stay (41) secured to the end surface (2a) in a  23
closing direction of the car door (2) as shown in Figure 3. A light beam
emission by the light emitting/receiving unit (4) is controlled by the
control unit (100). As the light emitter of the light emitting/receiving
unit  5 (4), for example, a red semiconductor laser is adopted, which is
used to form a spot having a diameter of 1 to 2 mm. The light receiver of
the light emitting/receiving unit (4) does not output a foreign matter
detection signal when a light receiving amount by the incident light beam
is higher than a 10 predetermined threshold. In contrast, when the light
receiving amount by the incident light beam is lower than the predetermined
threshold, the light receiver outputs a foreign matter detection signal.
[0059]As shown in Figure 4, the first reflecting member 



15 (5) is provided in a horizontal arm portion of an L-shaped arm member
(51) protruding on a lower end surface of the left car door (2), and has a
reflecting surface that reflects the light beam B vertically upward. The
arm member (51) is reciprocatably housed in a groove (81) in the doorsill
(8) in 20 which the guide shoe of the car door (2) fits.        The arm
member (51) is supported by the left car door (2) via a stay (52) shown in
Figure 8. The stay (52) is mounted to the car door (2) so that a position
in a door opening/closing direction can be adjusted, and the arm member
(51) is mounted 25 to the stay (52) so that a position in a fore/aft
direction perpendicular to the door opening/closing direction can be
adjusted. [0060]As shown in Figure 5, in an upper end of the right car door
(3), a housing space (30) is formed that houses the 30 light
emitting/receiving unit with the car doors closed, and a second reflecting
member (6) is provided at a bottom of the housing space (30) so as to be
directed vertically upward. The second reflecting member (6) has a
reflecting surface extending from the same position as an end surface (3a)
in a 35 closing direction of the right car door (3) toward a back of the
housing space (30) and having a predetermined length (for  24 example, 8
mm), and reflects a light beam from the light emitting/receiving unit
entering the housing space (30) vertically upward. [0061]As shown in Figure
6, at a lower end of the right 5 car door (3), a foreign matter entrance
preventing member(9) protrudes downward that fills a gap formed between the
end surface (3a) in a closing direction of the car door (3) and a surface
of the doorsill (8). A lower end of the foreign matter entrance preventing
member (9) is reciprocatably housed in the 10groove (81) in the doorsill
(8). [0062]Further, at the lower end of the right car door (3), a bracket
(72) is secured to a rear position of the foreign matter entrance
preventing member(9) as shown in Figure 7, and 



the bracket (72) supports a cleaning tool (7) comprising by a 15 brush in
the downward.       As shown in Figure 2, during closing of the car doors
(2) and (3) to a fully closed position, the cleaning tool (7) cleans a
surface of the first reflecting member (5) provided in the left car door
(2) (see Figure 8). Thus, the surface of 20 the first reflecting member (5)
is always maintained as a satisfactory reflecting surface.
[0063]Amountingstateinwhichthelight emitting/receiving unit (4) is directed
vertically downward, and the first reflecting member (5) and the second
reflecting 25 member (6) are directed vertically upward includes a mounting
state having a slight inclination with respect to the vertical line
depending on the configuration of the light emitting/receiving unit (4)
(arrangement or the like of the light emitter and the light receiver) or
variations in 30 installation position of the car door. [0064]Figure 9
shows an arrangement example of the light beam B when there is a retraction
distance, i.e. an overtravel T, of the end surface in a closing direction
in a fully opened position of the car door (2) with reference to an end
surface 35 of an entrance column (20) that constitutes the entrance of the
elevator car. The light beam B is arranged so that during  25 standby in a
door opening state shown in Figure 9(a), the light beam B is positioned
outside a width of the entrance, and during closing of the door shown in
Figure 9(b), the light beam B is positioned inside a line connecting an
edge of the 



5 car door (2) and an edge of a safety shoe frame (27).  [0065]Figure 10
shows an arrangement example of the light beam B without an overtravel. The
light beam B is arranged so that during standby in a door opening state
shown in Figure 10(a), the light beam B is positioned outside the line 10
connecting the edge of the car door (2) and the edge of the safety shoe
frame (27), and during closing of the door shown in Figure 10(b), the light
beam B is positioned inside the line connecting the edge of the car door
(2) and the edge of the safety shoe frame (27). 15[0066]In the elevator of
this embodiment, during standby of the car doors (2) and (3) in the door
opening state and during a normal door opening operation of the car doors
(2) and (3) from the fully closed position, an emission of the light beam
by the light emitting/receiving unit (4) is stopped 20 and a foreign matter
detection operation is not performed. At a start of a door closing
operation in the fully opened state of the car doors (2) and (3), the
emission of the light beam by the light emitting/receiving unit (4) is
started and the foreign matter detection operation is started.
25[0067]During closing of the car doors (2) and (3) from the fully opened
state to an almost-fully closed state, the light beam B emitted from the
light emitting/receiving unit (4) enters the first reflecting member (5)
and is reflected and returns to the light emitting/receiving unit (4)
unless there 30 is a foreign matter in a path. Then, during closing of the
car doors (2) and (3) from the almost-fully closed state to the fully
closed state, the light emitting/receiving unit (4) enters the housing
space (30) formed in the right car door (3). Thus, the light beam B 35
emitted from the light emitting/receiving unit (4) enters the second
reflecting member (6) and is reflected and returns to  



26 the light emitting/receiving unit (4). [0068]Specifically, during
closing of the car doors (2) and (3) from the fully opened state to the
fully closed state, the light beam B emitted from the light
emitting/receiving 5 unit (4) is reflected by the first reflecting member
(5) or the second reflecting member (6) and returns to the light
emitting/receiving unit (4) unless there is a foreign matter in the path.
[0069]When the light beam is detected,the light 10 emitting/receiving unit
(4) does not generate a foreign matter detection signal. The control unit
(100) continues the closing operation of the car doors (2) and (3) unless
the light emitting/receiving unit (4) generates a foreign matter detection
signal during closing of the car doors (2) and (3) 15 from the fully opened
state to the fully closed.       In contrast, when the detection of the
light beam is interrupted, the light emitting/receiving unit (4) generates
and outputs a foreign matter detection signal to the control unit (100). In
response thereto, the control unit (100) 20 inverts the car doors (2) and
(3) from the closing operation to the opening operation, and causes the
light emitting/receiving unit (4) to stop the emission of the light beam.
As described above, when the safety shoe frame bumps into 25 a person or a
foreign matter and a force is applied to the safety shoe frame during
closing of the car doors (2) and (3) from the fully opened state, the
control unit (100) inverts the car doors (2) and (3) from the closing
operation to the opening operation, and causes the light emitting/receiving
30 unit (4) to stop the emission of the light beam. [0070]Figures 11 and 12
show a series of operations when the car doors (2) and (3) are closed in a
state where a string S passes through a central portion of the entrance of
the elevator car and is stretched between the inside of the 



35 elevator car and a landing floor. During closing of the car doors (2)
and (3) from the  27  fully opened state to the almost-fully closed state
as illustrated in Figures 11(a), 11(b) and 11(c), the light beam B
gradually approaches the string S, and during closing of the car doors (2)
and (3) from the almost-fully closed state to 5 the fully closed state as
illustrated in Figures 12(a), 12(b) and 12(c), the light beam B crosses the
string S. At this time, since the detection of the light beam by the
lightemitting/light-receiving unit (4) is interrupted, a foreign matter
detection signal is generated. 10[0071]Figures 13 and 14 show a series of
operations when the car doors (2) and (3) are closed in an elevator in
which the safety shoe frame (27) is provided on the left car door (2) in a
state where the string S is stretched between the inside of the elevator
car and the landing floor in contact 15 with the left car door (2) and the
safety shoe frame (27).        During closing of the car doors (2) and (3)
from the fully opened state to the almost-fully closed state as shown in
Figures 13(a), 13(b) and 13(c), although the string S is first positioned
between the light beam B and the left car 20 door (2), as the door closing
operation proceeds, the string S is moved to a position where the string S
intersects the light beam B. Then, during closing of the car doors (2) and
(3) from the almost-fully closed state to the fully closed state as shown
in Figures 14(a), 14(b) and 14(c), the light beam B is 25 moved to the
outside of the string S. During the process, since the detection of the
light beam by the lightemitting/light-receiving unit (4) is interrupted
when the light beam B crosses the string S, a foreign matter detection
signal is generated. 30[0072]Figures 15 and 16 show a series of operations
when the car doors (2) and (3) are closed in an elevator in which safety
shoe frames (27) and (37) are provided on the car doors (2) and (3),
respectively, in a state where the string S is stretched between the inside
of the elevator car and the 35 landing floor in contact with the left car
door (2) and the safety shoe frame (27).  28 



During closing of the car doors (2) and (3) from the fully opened state to
the almost-fully closed state as shown in Figures 15(a), 15(b) and 15(c),
although the string S is first positioned between the light beam B and the
left car 5 door (2), as the door closing operation proceeds, the string S
is moved to a position where the string S intersects the light beam B.
Then, during closing of the car doors (2) and (3) from the almost-fully
closed state to the fully closed state as shown in Figures 16(a), 16(b) and
16(c), the light beam B is 10 moved to the outside of the string S. During
the process, since the detection of the light beam by the
lightemitting/light-receiving unit (4) is interrupted when the light beam B
crosses the string S, a foreign matter detection signal is generated.
15[0073]Figure 17 shows an electrical configuration of the elevator of this
embodiment. A door control device (300) provides a door drive signal to a
door drive motor (301), and thus the car doors (2) and (3) are closed and
opened. To the door drive motor (301), a rotary encoder (302) is mounted,
and 20 an encoder pulse signal obtained from the rotary encoder (302) is
provided to the door control device (300). The door control device (300)
recognizes positions of the car doors (2) and (3) based on the encoder
pulse signal, and a door position signal is provided to the control unit
(100). The elevator includes a 25 door closing end position detecting
device (sometimes referred to as CTL) (101) that is switched from off to on
when the car doors (2) and (3) are fully closed, and an on/off signal
obtained from the door closing end position detecting device (101) is
provided via the door control device (300) to the 30 control unit (100). A
door opening/closing command is provided from the control unit (100) to the
door control device (300), and thus the door control device (300) is
controlled. [0074]The light emitting/receiving unit (4) has connected there
to a laser drive circuit (400), which in turn is 35 connected to the
control unit (100). A laser light emitting on command and a laser light
emitting off command are provided  99 from the control unit (100) to the
laser drive circuit (400), and the laser drive circuit (400) rece ves the
laser light emitting on command and provides a laser drive signal to the
light emitting/receiving unit (4), while receives the laser 5 light
emitting off command and stops providing the laser drive signal to the
light emitting/receiving unit (4). The light emitting/receiving unit (4)
receives the laser drive signal provided from the laser drive circuit (400)
and performs the emission of the light beam, and stops the emission of the
10 light beam when the provision of the laser drive signal is stopped. A
foreign matter detection signal obtained from the light emitting/receiving
unit (4) is provided via the laser drive circuit (400) to the control unit
(100). [0075]Figures 18 and 19 show a control procedure performed 



15 by the control unit (100). First, in step 51 in Figure 18, the control
unit (100) stands by at door opening completion (fully opened state), and
stops an emission of the light beam by the light emitting/receiving unit.
Next, in step 52, the control unit (100) determines whether a door opening
open time has 20 expired. When it is determined No, the control unit (100)
returns to step Si and stands by at the door opening completion and
continues an emission stop state of the light beam. [0076]When the door
opening open time has expired and it 25 is determined Yes in step 52, the
control unit (100) proceeds to step 53 to determine whether the current
situation corresponds to a case where an invert door opening operation by
detection of a foreign matter is repeated a predetermined number of times N
or more or to a case where a door opening 30 standby time reaches a
predetermined time T.       When it is determined No in step S3, the
control unit (100) proceeds to step 34 to perform a door closing operation
at normal speed (high speed) and perform an emission of the light beam by
the light emitting/receiving unit. Then, in step 35 35, the control unit
(100) determines whether the foreign matter is detected.  30       When a
foreign matter detection signal is generated or some force is applied to
the safety shoe frame, it is supposed that there is a person or a foreign
matter getting in or out of the entrance of the elevator car or a person is
looking 5 into the light beam. Thus, the control unit (100) proceeds to
step 36 to perform an invert door opening operation and stop the emission
of the light beam by the light emitting/receiving unit. Then, the control
unit (100) returns to step 31 to stand by at door opening completion and
continue the emission stop 10 state of the light beam. [0077]When it is
determined in step 35 that no foreign matter is detected, the control unit
(100) proceeds to step 37 to determine whether the door closing operation
is completed based on the on/off signal obtained from the door closing end
15 position detecting device. When it is determined No, the control unit
(100) returns to step 34 to continue the door closing operation at normal
speed and continue the emission of the light beam. Then, when the door
closing operation is completed and it is determined Yes in step 37, in step
38, the 



20 control unit (100) stops the emission of the light beam by the light
emitting/receiving unit, and finishes a series of procedures. [0078]When a
person mischievously or intentionally places some foreign matter at the
entrance or an on-failure such that 25 a foreign matter detection signal is
always generated occurs in the light emitting/receiving unit, it is
determined Yes in step 33, the control unit (100) proceeds to step 39 in
Figure 19 to notify of starting the door closing operation and issue a
warning to move away from the car door using a voice 30 guidance system in
the elevator car or a display guidance system in the elevator car or the
landing. Then, in step 310, a forcible door closing operation in which the
car door is forcibly closed at low speed irrespective of whether or not the
light emitting/receiving unit detects a foreign matter is 35 performed with
sounding of a buzzer,and the light emitting/receiving unit starts the
emission of the light beam.  31  During the forcible door closing
operation, even if the light emitting/receiving unit generates a foreign
matter detection signal, an invert door opening operation is not performed,
and the invert door opening operation by detection of the foreign 5 matter
by the light emitting/receiving unit is canceled.On the other hand, when
the safety shoe frame detects a foreign matter, the invert door opening
operation is performed.  [0079]Then, in step Sll, it is determined whether
the light emitting/receiving unit detects a foreign matter during 10 the
forcible door closing operation.        When no foreign matter detection
signal is generated, the control unit (100) proceeds to step 312 to
determine whether the forcible door closing operation is completed based on
the on/off signal obtained from the door closing end position 15 detecting
device. When it is determined No, in step 313, the control unit (100)
continues the forcible door closing operation and then returns to step Sll.
Then, when the forcible door closing operation is completed and it is
determined Yes in step 312, the control unit (100) proceeds to 



20 step 320 to clear the number of invert door opening operations and
restart a normal control operation. Thus, the elevator car can start
traveling. Finally, the control unit (100) proceeds to step 38 in Figure 18
to stop the emission of the light beam by the light emitting/receiving
unit, and finishes the series 25 of procedures. [0080]When the light
emitting/receiving unit detects a foreign matter during the forcible door
closing operation, and it is determined Yes in step 311 in Figure 19, the
control unit (100) proceeds to step 314 to determine whether the 30
forcible door closing operation is completed based on the on/off signal
obtained from the door closing end position 32 notify of starting traveling
of the elevator car using a voice guidance system in the elevator car or a
display guidance system in the elevator car or the landing, and maintain a
stop state of the elevator car during this operation. In 5 notification
with voice, the volume may be larger than the voice for the notification
and warning in step S9. Then, in step S17, it is determined whether a door
opening button in the elevator car or a landing call button provided on a
stop floor of the elevator car is pushed. When it is determined No, 10 the
control unit (100) proceeds to step 518 to determine whether a
predetermined time, for example, two seconds has passed after the
notification of starting traveling of the elevator car is finished. When it
is determined No, the control unit (100) returns to step 517 to repeat
determination 15 whether the door opening button or the landing call button
is pushed. [0081]When the door opening button or the landing call button is
pushed after the notification of starting traveling of the elevator car is
finished and before the predetermined 20 time has passed, in step S19, the
emission of the light beam by the light emitting/receiving unit is stopped
and a door opening operation is performed. This can remove a foreign matter
caught between the car doors during the forcible door closing operation.
Then, the control unit (100) returns to 



25 step Si in Figure 18 and stands by at door opening completion. [0082] In
contrast, when the predetermined time has passed without the door opening
button or the landing call button pushed after the notification of starting
traveling of the elevator car is finished, in step 520 in Figure 19, the
number 30 of invert door opening operations is cleared and a normal control
operation is restarted. Thus, the elevator car can start traveling.
Finally, the control unit (100) proceeds to step S8 in Figure 18 to stop
the emission of the light beam by the light emitting/receiving unit, and
finishes the series of 35 procedures. [0083]According to the procedures,
the emission of the 33 light beam from the light emitting/receiving unit
(4) is stopped during standby in the door opening state, and at the start
of the door closing operation, the emission of the light beam from the
light emitting/receiving unit (4) is started.  5 Then, when a foreign
matter detection signal is generated during the door closing operation or
some force is applied to the safety shoe frame, the invert door opening
operation is performed and the emission of the light beam from the light
emitting/receiving unit (4) is stopped. In contrast, when the 10 door
closing operation is completed without any foreign matter detected, the
emission of the light beam from the light emitting/receiving unit (4) is
stopped at the time of the completion. When the invert door opening
operation by detection of 15 the foreign matter is repeated the
predetermined number of times N or more or when the door opening standby
time reaches the predetermined time T, the forcible door closing operation
is started after the notification of starting the forcible door closing
operation. Further, when the light 20 emitting/receiving unit (4) detects a
foreign matter during the forcible door closing operation, a notification
of starting traveling of the elevator car after completion of the forcible
door closing operation is made, and then traveling of the elevator car is
started. 25[0084]In the elevator of this embodiment, the emission of the
light beam from the light emitting/receiving unit (4) is stopped during the
door opening standby and the normal door opening operation, thereby
preventing the light beam from being looked into during the door opening
standby and the 30 normal door opening operation.        When a foreign
matter is detected during the door closing operation, the invert door
opening operation is performed. At this time, the emission of the light
beam from the light emitting/receiving unit (4) is stopped. This can
prevent the 35 light beam from being looked into during the invert door
opening operation.  



34 [0085]If during the door closing operation a person tries to place
his/her head or shoulder in the entrance to look into the light beam
emitted from the light emitting/receiving unit (4), the light
emitting/receiving unit (4) detects the 5 person's head or shoulder as a
foreign matter, and thus the invert door opening operation is performed and
the emission of the light beam from the light emitting/receiving unit (4)
is stopped. Even if the light emitting/receiving unit (4) does not detect
the person's head or shoulder as a foreign matter, 10 the person's head or
shoulder bumps into the safety shoe frame, and thus the invert door opening
operation is performed and the emission of the light beam from the light
emitting/receiving unit (4) is stopped. Thus, it is impossible to look into
the light beam emitted from the light 15 emitting/receiving unit (4) during
the door closing operation, thereby preventing the light beam from being
looked into during the door closing operation. [0086]Further, since
starting the forcible door closing operation is notified before the
forcible door closing 20 operation is started, an accident can be prevented
that a passenger is caught between the car door and the landing door at the
completion of the forcible door closing operation. When the light
emitting/receiving unit (4) still detects a foreign matter during the
forcible door closing operation in spite of 25 the fact that starting the
forcible door closing operation is notified, this situation is notified
after the forcible door closing operation is completed and before the
traveling of the elevator car is started. Thus, if a person mischievously
or intentionally stretches, for example, a string-like foreign 30 matter
between the elevator car and the landing floor, an accident can be
prevented that the traveling of the elevator car is started with the
foreign matter caught between the car door and the landing door after the
forcible door closing operation is completed. 35[0087]Second embodiment In
the elevator of the first embodiment, the emission of  35 the light beam by
the light emitting/receiving unit (4) is started at the start of the door
closing operation, while in an elevator of this embodiment, the emission is
started when the car doors (2) and (3) are closed to a predetermined closed
5 position after the door closing operation is started. The entire
configuration and an electrical configuration of the elevator of this
embodiment are the same as those in the elevator of the first embodiment
except a control unit, and thus descriptions thereof will be omitted. 



10[0088]Figures 20 and 21 show a control procedure performed by the control
unit of this embodiment. First, in step S21 in Figure 20, the control unit
stands by at door opening completion (fully opened state) and stops an
emission of a light beam by the light emitting/receiving unit. Then, in
step 15 S22, the control unit determines whether a door opening open time
has expired. When it is determined No, the control unit returns to step S21
and stands by at the door opening completion and continues an emission stop
state of the light beam. 20 [0089]When the door opening open time has
expired and it is determined Yes in step S22, the control unit proceeds to
step S23 to determine whether the current situation corresponds to a case
where an invert door opening operation is repeated a predetermined number
of times N or more by 25 detection of a foreign matter or a case where a
door opening standby time reaches a predetermined time T.        When it is
determined No in step S23, the control unit proceeds to step S24 to perform
the door closing operation at normal speed (high speed) and continue the
emission stop state 30 of the light beam.Then, in step S25, the control
unit determines whether the foreign matter is detected.        When some
force is applied to the safety shoe frame, it is supposed that there is a
person or a foreign matter getting in or out of the entrance of the
elevator car. Thus, the 35 control unit proceeds to step 326 to perform an
invert door opening operation and continues the emission stop state of the
36 light beam.Then, the control unit returns to step S21 to stand by at
door opening completion and continue the emission stop state of the light
beam. [00901When it is determined in step S25 that no foreign 5 matter is
detected, the control unit proceeds to step S27 to determine whether the
car doors have reached a predetermined closed position based on a door
position signal obtained from a door control device. When it is determined
No, the control unit returns to step S24 to continue the door closing 10
operation at normal speed and continue the emission stop state of the light
beam. The predetermined closed position is set in a position where a width
between end surfaces in a closing direction of the car doors to abut
against each other is such a width that a person's head or shoulder cannot
enter between 



15 the end surfaces, for example, 70 mm. [00911Then, when the car doors
reach the predetermined closed position and it is determined Yes in step
S27, the control unit proceeds to step S28 to continue the door closing
operation at normal speed and perform the emission of the 20 light beam by
the light emitting/receiving unit. Then, in step S29, the control unit
determines whether the foreign matter is detected.        When a foreign
matter detection signal is generated or some force is applied to the safety
shoe frame, it is supposed 25 that there is a foreign matter at the
entrance of the elevator car. Thus, the control unit proceeds to step S26
to perform the invert door opening operation and stop the emission of the
light beam by the light emitting/receiving unit. Then, the control unit
returns to step S21 to stand by at door opening 30 completion and continue
the emission stop state of the light beam.        When it is determined in
step S29 that no foreign matter is detected, the control unit proceeds to
step 330 to determine whether the door closing operation is completed 35
based on an on/off signal obtained from the door closing end position
detecting device.When it is determined No, the  37 control unit returns to
step 528 to continue the door closing operation at normal speed and
continue the emission of the light beam. Then, when the door closing
operation is completed and it is determined Yes in step 530, in step 531,
the control 5 unit stops the emission of the light beam by the light
emitting/receiving unit, and finishes a series of procedures. [0092]When a
person mischievously or intentionally places some foreign matter at the
entrance or an on-failure such that a foreign matter detection signal is
always generated occurs 10 in the light emitting/receiving unit, it is
determined Yes in step 523, and the control unit proceeds to step 532 in
Figure 21 to notify of starting the door closing operation and issue a
warning to move away from the car door using a voice guidance system in the
elevator car or a display guidance 



15 system in the elevator car or the landing. Then, in step 533, a forcible
door closing operation in which the car door is forcibly closed at low
speed irrespective of whether or not the light emitting/receiving unit
detects a foreign matter is performed with sounding of a buzzer. During the
forcible door 20 closing operation, even if the light emitting/receiving
unit generates a foreign matter detection signal, an invert door opening
operation is not performed, and the invert door opening operation by
detection of the foreign matter by the light emitting/receiving unit is
canceled. On the other hand, 25 when the safety shoe frame detects a
foreign matter, the invert door opening operation is performed.       Then,
in step 534, it is determined whether the car doors have reached the
predetermined closed position based on the door position signal obtained
from the door control device. 30 When it is determined No, the control unit
returns to step 533 to continue the forcible door closing operation.
[0093]Then, when the car doors reach the predetermined closed position and
it is determined Yes in step 534, the control unit proceeds to step 535 to
start the emission of the 35 light beam by the light emitting/receiving
unit. Then, in step 536,thecontrolunitdetermineswhetherthelight  38
emitting/receiving unit detects a foreign matter during the forcible door
closing operation.        When no foreign matter detection signal is
generated, the control unit proceeds to step 337 to determine whether the 5
forcible door closing operation is completed based on the on/off signal
obtained from the door closing end position detecting device. When it is
determined No, in step 338, the control unit continues the forcible door
closing operation and then returns to step 336. Then, when the forcible
door closing 10 operation is completed and it is determined Yes in step
S37, the control unit proceeds to step 345 to clear the number of invert
door opening operations and restart a normal control operation. Thus, the
elevator car can start traveling. Finally, the control unit proceeds to
step 331 in Figure 20 to 15 stop the emission of the light beam by the
light emitting/receiving unit, and finishes the series of procedures.
[0094] When the light emitting/receiving unit detects a foreign matter
during the forcible door closing operation, and it is determined Yes in
step 336 in Figure 21, the control 20 unit proceeds to step 339 to
determine whether the forcible door closing operation is completed based on
the on/off signal obtained from the door closing end position detecting
device. When it is determined No, the control unit continues the forcible
door closing operation in step 340 and then returns 



25 to step 339. Then, when the forcible door closing operation is completed
and it is determined Yes in 339, the control unit proceeds to step 341 to
notify of starting traveling of the elevator car using a voice guidance
system in the elevator car or a display guidance system in the elevator car
or the 30 landing, and maintain a stop state of the elevator car during
this operation. In notification with voice, the volume may be larger than
the voice for the notification and warning in step 332. Then, in step 342,
it is determined whether a door opening button in the elevator car or a
landing call button 35 provided on a stop floor of the elevator car is
pushed. When it is determined No, the control unit proceeds to step 343 to
39 determine whether a predetermined time, for example, two seconds has
passed after the notification of starting traveling of the elevator car is
finished. When it is determined No, the control unit returns to step 342 to
repeat 5 determination whether the door opening button or the landing call
button is pushed. f00953When the door opening button or the landing call
button is pushed after the notification of starting traveling of the
elevator car is finished and before the predetermined 10 time has passed,
in step 344, the emission of the light beam by the light emitting/receiving
unit is stopped and a door opening operation is performed. This can remove
a foreign matter caught between the car doors during the forcible door
closing operation. Then, the control unit returns to step 331 15 in Figure
20 and stands by at door opening completion.  [0096]In contrast, when the
predetermined time has passed without the door opening button or the
landing call button pushed after the notification of starting traveling of
the elevator car is finished, in step 345 in Figure 21, the number 20 of
invert door opening operations is cleared and a normal control operation is
restarted.Thus, the elevator car can start traveling.Finally, the control
unit proceeds to step 



331 in Figure 20 to stop the emission of the light beam by the light
emitting/receiving unit, and finishes the series of 25 procedures.
[0097]According to the procedures, emission of the light beam from the
light emitting/receiving unit (4) is stopped during standby in the door
opening state, and after the start of the door closing operation and until
closing of the car 30 doors (2) and (3) to the predetermined closed
position, and the emission of the light beam from the light
emitting/receiving unit (4) is started at the time of closing of the car
doors (2) and (3) to the predetermined closed position. 35Until the car
doors (2) and (3) are closed to the predetermined closed position, when
some force is applied to  10 the safety shoe frame, the emission stop state
of the light beam is maintained and the invert door opening operation is
performed. After the car doors (2) and (3) are closed to the predetermined
closed position, when a foreign matter detection 5 signal is generated or
some force is applied to the safety shoe frame, the invert door opening
operation is performed and the emission of the light beam from the light
emitting/receiving unit (4) is stopped. In contrast, when the door closing
operation is completed without any foreign matter 10 detected, the emission
of the light beam from the light emitting/receiving unit (4) is stopped at
the time of the completion.       Further, when the invert door opening
operation is repeated the predetermined number of times N or more by 15
detection of the foreign matter or when the door opening standby time
reaches the predetermined time T, the forcible door closing operation is
started after the notification of starting the forcible door closing
operation. Further, when the light emitting/receiving unit (4) detects a
foreign matter 20 during the forcible door closing operation, a
notification of starting traveling of the elevator car after completion of
the forcible door closing operation is made, and then traveling of the
elevator car is started. [0098]In the elevator of this embodiment, the
emission of 



25 the light beam from the light emitting/receiving unit (4) is stopped
during the door opening standby and the normal door opening operation,
thereby preventing the light beam from being looked into during the door
opening standby and the normal door opening operation. 30During the door
closing operation and during the forcible door closing operation, the
emission of the light beam by the light emitting/receiving unit (4) is
started when the car doors (2) and (3) are closed to the predetermined
closed position. Thus, it is physically impossible for a person to 35 place
his/her head or shoulder in the entrance to look into the light beam after
the start of the emission of the light  41 beam, thereby preventing the
light beam from being looked into during the door closing operation.
Further, when a foreign matter is detected during the door closing
operation, the invert door opening operation is 5 performed. At this time,
the emission of the light beam from the light emitting/receiving unit (4)
is stopped, thereby preventing the light beam from being looked into during
the invert door opening operation. [0099]Further, since starting the
forcible door closing 10 operation is notified before the forcible door
closing operation is started, an accident can be prevented that a passenger
is caught between the car door and the landing door at the completion of
the forcible door closing operation. When the light emitting/receiving unit
(4) still detects a foreign 15 matter during the forcible door closing
operation in spite of the fact that starting the forcible door closing
operation is notified, this situation is notified after the forcible door
closing operation is completed and before the traveling of the elevator car
is started. Thus, an accident can be prevented 20 that the traveling of the
elevator car is started with a string-like foreign matter caught between
the car door and the landing door after the forcible door closing operation
is completed. 



[0100]Third embodiment 25Inanelevatorofthisembodiment,thelight
emitting/receiving unit (4) detects a foreign matter during the door
closing operation and also during standby in the door opening state. The
entire configuration and an electrical configuration of the elevator of
this embodiment are the same 30 as those in the elevator of the first
embodiment except a control unit, and thus descriptions thereof will be
omitted. [0101]Figures 22 to 24 show a control procedure performed by the
control unit of this embodiment. First, in step S51 in Figure 22, it is
determined whether an invert door opening 35 operation is repeated a
predetermined number of times N or more by detection of a foreign matter.
When it is determined  42 No, the control unit proceeds to step S52 to
stand by at door opening completion (fully opened state) and perform an
emission of the light beam by light emitting/receiving unit. Then, in step
S53, the light emitting/receiving unit detects a 5 foreign matter.
[0102]When it is determined No in step S53, the control unit proceeds to
step S54 to determine whether a door opening open time has expired. When it
is determined Yes, in step S55, the control unit determines whether a door
opening standby 10 time has reached a predetermined time T. When it is
determined No, the control unit proceeds to step S56 to perform a door
closing operation at normal speed (high speed) and perform an emission of
the light beam by the light emitting/receiving unit. Then, in step S57, the
control unit determines whether 15 the foreign matter is detected. When a
foreign matter detection signal is generated or some force is applied to
the safety shoe frame, it is supposed that there is a person or a foreign
matter getting in or out 



of the entrance of the elevator car or a person is looking 20 into the
light beam. Thus, the control unit proceeds to step S58 to perform an
invert door opening operation and stop the emission of the light beam by
the light emitting/receiving unit. Then, the control unit returns to step
S51 to determine whether the invert door opening operation is repeated the
25 predetermined number of times foreign matter. [0103]When it  matter is
detected, the control unit proceeds to step S59 to determine whether the
door closing operation is completed 30 based on an on/off signal obtained
from the door closing end position detecting device. When it is determined
No, the control unit returns to step S56 to continue the door closing
operation at normal speed and continue the emission of the light beam.
Then, when the door closing operation is completed 35 and it is determined
Yes in step S59, in step 360, the control unit stops the emission of the
light beam by the light  emitting/receiving unit, and finishes a series of
procedures. [0104]When a foreign matter detection signal is generated 



during standby in the door opening state and it is determined Yes in step
S53, it is supposed that there is a person or a 5 foreign matter getting in
or out of the entrance of the elevator car or a person is looking into the
light beam. Thus, the control unit proceeds to step S62 in Figure 23 to
extend a door opening open time for several seconds and stop the emission
of the light beam by the light emitting/receiving 10 unit. Then, the
control unit determines in step S63 whether the door opening open time has
expired. When it is determined No, the control unit repeats the same
determination in step S63. Then, when the door opening open time has
expired and it is determined Yes in step S63, the control unit proceeds to
15 step S64 to determine whether the door opening standby time has reached
a predetermined time T. When it is determined No, the control unit proceeds
to step S65 to perform the emission of the light beam by the light
emitting/receiving unit. Then, in step S66, the control unit determines
whether the light 20 emitting/receiving unit detects a foreign matter. When
a foreign matter detection signal is generated, it is supposed that a
foreign matter remains at the entrance or a person continues looking into
the light beam. Thus, the control unit returns to step S62 to extend the
door opening open time and 25 stop the emission of the light beam by the
light emitting/receiving unit. When it is determined No in step S66, the
control unit proceeds to step S56 in Figure 22 to perform the door closing
operation at normal speed (high speed) and continue the emission of the
light beam by the light 30 emitting/receiving unit.        When the door
opening standby time has reached the predetermined time T and it is
determined Yes in step S64 in Figure 23, the control unit proceeds to step
S67 in Figure 24. [0105]When the invert door opening operation by detection
35 of the foreign matter is repeated the predetermined number of times N or
more and it is determined Yes in step S51 in Figure  22, the control unit
proceeds to step S61 in Figure 23 to determine whether the door opening
open time has expired. When it is determined No, the control unit repeats
the same determination in step S61. Then, when the door opening open 5 time
has expired and it is determined Yes in step S61, the control unit proceeds
to step S67 in Figure 24. Also when the door opening standby time has
reached the predetermined time T and it is determined Yes in step S55 in
Figure 22, the control unit proceeds to step S67 in Figure 24. 10[0106]In
step S67, the control unit notifies of starting the door closing operation
and issues a warning to move away from the car door using a voice guidance
system in the elevator car or a display guidance system in the elevator car
or the landing. Then, in step S68, a forcible door closing 15 operation in
which the car door is forcibly closed at low speed irrespective of whether
or not the light emitting/receiving unit detects a foreign matter is
performed with sounding of a buzzer, and the light emitting/receiving unit
starts the emission of the light beam. During the 20 forcible door closing
operation, even if the light emitting/receiving unit generates a foreign
matter detection signal, an invert door opening operation is not performed,
and the invert door opening operation by detection of the foreign matter by
the light emitting/receiving unit is canceled. On 



25 the other hand, when the safety shoe frame detects a foreign matter, the
invert door opening operation is performed.       Then, in step S69, it is
determined whether the light emitting/receiving unit detects a foreign
matter during the forcible door closing operation. 30When no foreign matter
detection signal is generated, control unit proceeds to step S70 to
determine whether forcible door closing operation is completed based on
on/off signal obtained from the door closing end position detecting device.
When it is determined No, in step 371, the 35 control unit continues the
forcible door closing operation and then returns to step 369. Then, when
the forcible door closing  45 operation is completed and it is determined
Yes in step 370, the control unit proceeds to step 378 to clear the number
of invert door opening operations and restart a normal control operation.
Thus, the elevator car can start traveling. Finally, the control unit
proceeds to step 360 in Figure 22 to stop the emission of the light beam by
the light emitting/receiving unit, and finishes the series of procedures.
[0107] When the light emitting/receiving unit detects a foreign matter
during the forcible door closing operation, and 10 it is determined Yes in
step 369 in Figure 24, the control unit proceeds to step 372 to determine
whether the forcible door closing operation is completed based on the
on/off signal obtained from the door closing end position detecting device.
When it is determined No, the control unit continues the 15 forcible door
closing operation in step 373 and then returns to step 372. Then, when the
forcible door closing operation is completed and it is determined Yes in
step 372, the control unit proceeds to step 374 to notify of starting
traveling of the elevator car using a voice guidance system in the elevator
20 car or a display guidance system in the elevator car or the landing, and
maintain a stop state of the elevator car during this operation. In
notification with voice, the volume may be larger than the voice for the
notification and warning in step 367. Then, in step 375, it is determined
whether a door 25 opening button in the elevator car or a landing call
button provided on a stop floor of the elevator car is pushed. When it is
determined No, the control unit proceeds to step 376 to determine whether a
predetermined time, for example, two seconds has passed after the
notification of starting 30 traveling of the elevator car is finished. When
it is determined No, the control unit returns to step 375 to repeat
determination whether the door opening button or the landing call button is
pushed. [0108]When the door opening button or the landing call 35 button is
pushed after the notification of starting traveling of the elevator car is
finished and before the predetermined 48 time has passed, in step S77, the
emission of the light beam by the light emitting/receiving unit is stopped
and a door opening operation is performed. This can remove a foreign matter
caught between the car doors during the forcible door 



5 closing operation. Then, the control unit returns to step S51 in Figure
22. [0109]In contrast, when the predetermined time has passed without the
door opening button or the landing call button pushed after the
notification of starting traveling of the 10 elevator car is finished, in
step S78 in Figure 24, the number of invert door opening operations is
cleared and a normal control operation is restarted.Thus, the elevator car
can start traveling.Finally, the control unit proceeds to step   360 in
Figure 22 to stop the emission of the light beam by the 15 light
emitting/receiving unit, and finishes the series of procedures.
[0110]According to the procedures, the emission of the light beam by the
light emitting/receiving unit (4) is performed during standby in the door
opening state, and when a 20 foreign matter detection signal is generated
during standby in the door opening state, the door opening open time is
extended several minutes and the emission of the light beam from the light
emitting/receiving unit (4) is stopped. Then, at the time when the extended
door opening open time has expired, the 25 emission of the light beam by
the light emitting/receiving unit (4) is restarted to restart the foreign
matter detection operation.When a foreign matter detection signal is again
generated at the time, itsupposed that a foreign matter remains at the
entrance, or a person continues looking into 



30 the light beam. Thus, the door opening open time is again extended for
several seconds and the emission of the light beam from the light
emitting/receiving unit (4) is stopped. In contrast, when no foreign matter
detection signal is generated at the restart of the foreign matter
detection operation, the 35 door closing operation is started, and the
light beam emission by the light emitting/receiving unit (4) is continued.
Theemissionofthelightbeam bythelight emitting/receiving unit (4) is
performed also during the door closing operation, and when a foreign matter
detection signal is generated during the door closing operation or some
force 5 is applied to the safety shoe frame, the invert door opening
operation is performed and the emission of the light beam from the light
emitting/receiving unit (4) is stopped. In contrast, when the door closing
operation is completed without any foreign matter detected, the emission of
the light beam from 10 the light emitting/receiving unit (4) is stopped at
the time of the completion.        When the invert door opening operation
by detection of the foreign matter is repeated the predetermined number of
times N or more or when the door opening standby time has 15 reached the
predetermined time T, the forcible door closing operation is started after
the notification of starting the forcible door closing operation. Further,
when the light emitting/receiving unit (4) detects a foreign matter during
the forcible door closing operation, a notification of 20 starting
traveling of the elevator car after completion of the forcible door closing
operation is made, and then traveling of the elevator car is started.
(0111)In the elevator of this embodiment, the emission of the light beam
from the light emitting/receiving unit (4) is 25 stopped when a foreign
matter is detected during the door opening standby. Thus, if a person tries
to place his/her head or shoulder in the entrance to look into the light
beam 



emitted from the light emitting/receiving unit (4) during the door opening
standby, the person's head or shoulder is 30 detected as a foreign matter,
and thus the emission of the light beam from the light emitting/receiving
unit (4) is stopped. Thus, it is impossible to look into the light beam
emitted from the light emitting/receiving unit (4) during the door opening
standby, thereby preventing the light beam from 35 being looked into during
the door opening standby. Also, when a foreign matter is detected, the door
opening open time is  48 extended. Thus, when a person tries to place
his/her head or shoulder in the entrance to look into the light beam
immediately before the start of the door closing operation, the car doors
(2) and (3) can be prevented from bumping into 5 the person's head or
shoulder.        The invert door opening operation is performed when a
foreign matter is detected during the door closing operation. At this time,
the emission of the light beam from the light emitting/receiving unit (4)
is stopped. This can prevent the 10 light beam from being looked into
during the invert door opening operation. As in the first embodiment, when
a person tries to place his/her head or shoulder in the entrance to look
into the light beam emitted from the light emitting/receiving unit (4)
during the door closing operation, 15 the invert door opening operation is
performed and the emission of the light beam from the light
emitting/receiving unit (4) is stopped, thereby preventing the light beam
from being looked into during the door closing operation. Further, the
emission of the light beam from the light 



20 emitting/receiving unit (4) is stopped during the normal door opening
operation, thereby preventing the light beam from being looked into during
the normal door opening operation.
[0112]Further,startingtheforcibledoorclosing operation is notified before
the forcible door closing 25 operation is started, and thus an accident can
be prevented that a passenger is caught between the car door and the
landing door at the completion of the forcible door closing operation. When
the light emitting/receiving unit (4) still detects a foreign matter during
the forcible door closing 30 operation in spite of the fact that starting
the forcible door closing operation is notified, this situation is notified
after the forcible door closing operation is completed and before the
traveling of the elevator car is started. Thus, an accident can be
prevented that the traveling of the elevator 35 car is started with a
string-like foreign matter caught between the car door and the landing door
after the forcible  49 door closing operation is completed. [0113]The
configurations of the present invention are not limited to the embodiments
described above, but various changes may be made within the technical scope
of claims.  5 For example, in the first to third embodiments, the present
invention is carried out as the center open type elevator safety device.
However, as shown in Figure 25, the present invention may be carried out as
a side open type elevator safety device including at least one car door
(23) 10 that moves toward and away from a doorstop frame (12) to close and
open an entrance. In such an elevator safety device, for example, as shown,
the car door (23) includes a light emitting/receiving unit (4) provided so
as to be directed downward in an upper end position on a vertical line a 15
predetermined distance apart from an end surface (23a) in a closing
direction to abut against the doorstop frame (12) toward the doorstop frame
(12), and a first reflecting member (5) provided so as to be directed
upward in a lower end position of the line. 20[0114]As shown in Figure 26,
the present invention may be carried out as an elevator safety device
including a light emitting/receiving unit (4) provided on a frame (80) in
an upper position of an entrance and a reflecting member (5) provided on a
doorsill (8) in a lower position of the entrance. 25 In such an elevator
safety device, for example, as shown, the light emitting/receiving unit (4)
is provided on the frame (80) so as to be directed downward and the
reflecting member (5) is provided on the doorsill (8) so as to be directed
upward in positions on a vertical line on an abutment position 



30 of a pair of car doors (2) and (3) in a fully closed state.       As
shown in Figure 27, the present invention may be carried out as an elevator
safety device in which a light emitting/receiving unit (4) is provided on a
frame (80) in an upper position of an entrance, and a reflecting member (5)
is 35 provided on one car door (3) of a pair of car doors (2) and (3). In
such an elevator safety device, for example, as shown,  50 the light
emitting/receiving unit (4) is provided on the frame (80) so as to be
directed downward in a position on a vertical line on an abutment position
of the pair of car doors (2) and (3) in a fully closed state, and the
reflecting member (5) is 5 provided on one car door (3) so as to be
directed upward in a lower end position of an end surface (3a) in a closing
direction to abut against the other car door (2) [0115]As shown in Figure
28, the present invention may be carried out as an elevator safety device
in which a light 70 emitting/receiving unit (4) and a reflecting member
(61) are provided on a doorstop frame (84). In such an elevator safety
device, for example, as shown, on the doorstop frame (84), the light
emitting/receiving unit (4) is provided so as to be directed downward in an
upper end position on a vertical line 15 a predetermined distance apart
from an end surface (84a) to abut against a car door (23) toward the car
door (23), while the reflecting member (61) is provided so as to be
directed upward in a lower end position on the line. The light
emitting/receiving unit (4) may be provided in an upper end 20 position on
a vertical line on an abutment position R1 (see Figure 29) against which
the car door (23) abuts in a fully closed state, and the reflecting member
(61) may be provided in a lower position on the line. In such an elevator
safety device, as shown in Figures 29 and 30, a pair of recesses 25  (84b)
and (23b) or a pair of notches (84c) and (23c) extending along the line are
formed in the end surface (84a) of the doorstop frame (84) to abut against
the car door (23) and an end surface (23a) in a closing direction of the
car door (23) to abut against the doorstop frame (84), and a passage (115)
30 through which the light beam is passed in the fully closed state of the
car door (23) is formed by the pair of recesses (84b) and (23b) or the pair
of notches (84c) and (23c). [0116]In the embodiments, the present invention
is carried out as the elevator safety device that detects a foreign 35
matter using a light beam vertically crossing the entrance. However, the
present invention may be carried out as an 



51 elevator safety device that detects a foreign matter using a light beam
horizontally crossing the entrance.        Further, the present invention
may be carried out as an elevator safety device including a multi-optical
axis sensor 5 that emits multiple light beams crossing the entire or
substantially entire region of an entrance together with a light
emitting/receiving unit (4), and generates a foreign matter detection
signal when even a part of the light beams is interrupted. For example, in
an elevator using the control 10 procedure shown in Figures 18 and 19, when
a person tries to look into the light beam immediately after the start of
the door closing operation, a head or a shoulder is detected as a foreign
matter at the moment when the head or shoulder is placed in the entrance to
stop emission of the light beam, 15 thereby reliably preventing the light
beam from being looked into during the door closing operation. Also in an
elevator using the control procedure shown in Figures 22 to 24, similarly,
the light beam is reliably prevented from being looked into during door
opening standby and door closing 20 operation.        Further, the present
invention may be carried out as an elevator safety device in which a light
beam emitted from a light emitter directly enters a light receiver unless
there is a foreign matter on a path of the light beam, like an elevator 25
safety device in which a light emitter is provided in, for example, an
upper position of an entrance, and a light receiver is provided in a lower
position. DESCRIPTION OF SYMBOLS 30[0117](1)rail (2) car door (2a) end
surface in closing direction (3) car door      (3a) end surface in closing
direction 35(30) housing space (4) light emitting/receiving unit 



52 (5) first reflecting member (6) second reflecting member (7) cleaning
tool (8) doorsill 5(9) foreign matter entrance preventing member
(100)control unit light beam string  53 CLAIMS  [1] An elevator safety
device that includes a pair of car doors that move toward and away from
each other to close and open an entrance, comprising: 5light emitting means
for emitting a light beam crossing the entrance;        light receiving
means for detecting the light beam emitted from the light emitting means; 



foreign matter detection means for generating a foreign 10 matter detection
signal when detection of the light beam by the light receiving means is
interrupted; and        control means for controlling opening and closing
operations of the car doors and an emission of the light beam by the light
emitting means, 15wherein the control means causes the light emitting means
to stop the emission in a fully opened state of the car doors, and causes
the light emitting means to start the emission at a start of or during the
closing operation of the car doors. [2] An elevator safety device that
includes a pair of car 20 doors that move toward and away from each other
to close and open an entrance, comprising:        light emitting means for
emitting a light beam crossing the entrance;            light receiving
means for detecting the light beam 25 emitted from the light emitting
means;        foreign matter detection means for generating a foreign
matter detection signal when detection of the light beam by the light
receiving means is interrupted; closed position detection means for
detecting that the 30 car doors are closed to a predetermined closed
position; and        control means for controlling opening and closing
operations of the car doors and an emission of the light beam by the light
emitting means, wherein the control means causes the light emitting means
35 to stop the emission in a fully opened state of the car doors and after
a closing operation of the car doors is started and  54 



until the closed position detection means detects that the car doors are
closed to the predetermined closed position, and causes the light emitting
means to start the emission when the closed position detection means
detects that the car doors are 5 closed to the predetermined closed
position. [3] The elevator safety device according to claim 1 or 2, wherein
the control means causes the light emitting means to stop the emission
during a normal opening operation in which the car doors open from a fully
closed position. 10[4] The elevator safety device according to any one of
claims 1 to 3, wherein the control means inverts the car doors from the
closing operation to the opening operation when the foreign matter
detection means generates a foreign matter detection signal during closing
of the car doors, and causes 15 the light emitting means to stop the
emission during an invert opening operation of the car doors.  [5] An
elevator safety device that includes a pair of car doors that move toward
and away from each other to close and open an entrance, comprising: 20light
emitting means for emitting a light beam crossing the entrance;
light receiving means for detecting the light beam emitted from the light
emitting means;          foreign matter detection means for generating a
foreign 25 matter detection signal when detection of the light beam by the
light receiving means is interrupted; and        control means for
controlling opening and closing operations of the car doors and an emission
of the light beam by the light emitting means, 30wherein the control means
causes the light emitting means to perform the emission in a fully opened
state of the car doors, and causes the light emitting means to stop the
emission when the foreign matter detection means generates a foreign matter
detection signal in the state. 35[6] The elevator safety device according
to claim 5, wherein the control means extends a time period during which
the car  



55 doors should be maintained in the fully opened state when the foreign
matter detection means generates a foreign matter detection signal in the
fully opened state of the car doors.  [7] The elevator safety device
according to claim 5 or 6, 5 wherein the control means causes the light
emitting means to stop the emission in the fully opened state of the car
doors, then causes the light emitting means to start the emission at the
expiration of the time period during which the car doors should be
maintained in the fully opened state, and causes the 10 light emitting
means to stop the emission and extends the time period during which the car
doors should be maintained in the fully opened state when the foreign
matter detection means generates a foreign matter detection signal, while
the control means starts the closing operation of the car doors when no 15
foreign matter detection signal is generated.  [8] The elevator safety
device according to any one of claims 5 to 7, wherein the control means
causes the light emitting means to stop the emission during a normal
opening operation in which the car doors open from the fully closed
position. 20 [9] The elevator safety device according to any one of claims
5 to 8, wherein the control means causes the light emitting means to
perform the emission during the closing operation of the car doors, inverts
the car doors from the closing operation to the opening operation when the
foreign matter 25 detection means generates a foreign matter detection
signal during closing of the car doors, and causes the light emitting means
to stop the emission during an invert opening operation of the car doors.
[10] The elevator safety device according to any one of claims 30 1 to 9,
wherein the control means includes:        forcible door closing means for
performing a forcible door closing operation of forcibly closing the car
doors irrespective of whether or not the foreign matter detection means
generates a foreign matter detection signal; and 35notification means for
notifying of performance of the forcible door closing operation before or
during the forcible  56 door closing operation by the forcible door closing
means.  [11] The elevator safety device according to claim 10, wherein the
control means includes:the control means further 



includes: 5 elevator car control means for starting traveling of the
elevator car after the forcible door closing means completes the forcible
door closing operation; and second notification means for notifying of
starting traveling of the elevator car before the elevator car control
means 10 starts traveling of the elevator car when the foreign matter
detection means generates a foreign matter detection signal during the
forcible door closing operation by the forcible door closing means.    [12]
An elevator safety device that includes at least one car 15 door that moves
toward and away from a doorstop frame to close and open an entrance,
comprising: light emitting means for emitting a light beam crossing the
entrance;      light receiving means for detecting the light beam emitted
20 from the light emitting means; foreign matter detection means for
generating a foreign matter detection signal when detection of the light
beam by the light receiving means is interrupted; and    control means for
controlling opening and closing operations 25 of the car door and an
emission of the light beam by the light emitting means, wherein the control
means causes the light emitting means to stop the emission in a fully
opened state of the car door, and causes the light emitting means to start
the emission at a 30 start or during the closing operation of the car door.
[13] An elevator safety device that includes at least one car door that
moves toward and away from a doorstop frame to close and open an entrance,
comprising:      light emitting means for emitting a light beam crossing
the 35 entrance; light receiving means for detecting the light beam emitted



57 from the light emitting means;  foreign matter detection means for
generating a foreign matter detection signal when detection of the light
beam by the light receiving means is interrupted; 5 closed position
detection means for detecting that the car door is closed to a
predetermined closed position; and control means for controlling opening
and closing operations of the car door and an emission of the light beam by
the light emitting means, 10 wherein the control means causes the light
emitting means to stop an emission in a fully opened state of the car door
and after the closing operation of the car door is started and until the
closed position detection means detects that the car door is closed to the
predetermined closed position, and 15 causes the light emitting means to
start the emission when the closed position detection means detects that
the car door is closed to the predetermined closed position.  [14] The
elevator safety device according to claim 12 or 13, wherein the control
means causes the light emitting means to 20 stop the emission during a
normal opening operation in which the car door opens from the fully closed
position.  [15] The elevator safety device according to any one of claims
12 to 14, wherein the control means inverts the car door from the closing
operation to the opening operation when the 25 foreign matter detection
means generates a foreign matter detection signal during closing of the car
door, and causes the light emitting means to stop the emission during the
invert opening operation of the car door.     [16] An elevator safety
device that includes at least one car 30 door that moves toward and away
from a doorstop frame to close and open an entrance, comprising: light
emitting means for emitting a light beam crossing the entrance;      light
receiving means for detecting the light beam emitted 35 from the light
emitting means; foreign matter detection means for generating a foreign
matter 58 



detection signal when detection of the light beam by the light receiving
means is interrupted; and   control means for controlling opening and
closing operations of the car door and an emission of the light beam by the
light 5 emitting means, wherein the control means causes the light emitting
means to perform the emission in a fully opened state of the car door, and
causes the light emitting means to stop the emission when the foreign
matter detection means generates a foreign matter 10 detection signal in
the state.  [17] The elevator safety device according to claim 16, wherein
the control means extends a time period during which the car door should be
maintained in the fully opened state when the foreign matter detection
means generates a foreign matter 15 detection signal in the fully opened
state of the car door.  [18] The elevator safety device according to claim
16 or 17, wherein the control means causes the light emitting means to stop
the emission in the fully opened state of the car door, then causes the
light emitting means to start the emission at 20 the expiration of the time
period during which the car door should be maintained in the fully opened
state, and causes the light emitting means to stop the emission and extends
the time period during which the car door should be maintained in the fully
opened state when the foreign matter detection means 25 generates a foreign
matter detection signal, while the control means starts the closing
operation of the car door when no foreign matter detection signal is
generated.  [19] The elevator safety device according to any one of claims
16 to 18, wherein the control means causes the light emitting 30 means to
stop the emission during a normal opening operation in which the car door
opens from the fully closed position.  [20] The elevator safety device
according to any one of claims 16 to 19, wherein the control means causes
the light emitting means to perform the emission during the closing
operation of 35 the car door, inverts the car door from the closing
operation to the opening operation when the foreign matter detection  59
means generates a foreign matter detection signal during closing of the car
door, and causes the light emitting means to stop the emission during an
invert opening operation of the car door. 



5[21] The elevator safety device according to any one of claims 12 to 20,
wherein the control means further includes: forcible door closing means for
performing a forcible door closingoperationofforciblyclosingthecardoor
irrespective of whether or not the foreign matter detection 10 means
generates a foreign matter detection signal; and notification means for
notifying of performance of the forcible door closing operation before or
during the forcible door closing operation by the forcible door closing
means. [22] The elevator safety device according to claim 21, wherein 15
the control means further includes: elevator car control means for starting
traveling of the elevator car after the forcible door closing means
completes the forcible door closing operation; and second notification
means for notifying of starting traveling 20 of the elevator car before the
elevator car control means starts traveling of the elevator car when the
foreign matter detection means generates a foreign matter detection signal
during the forcible door closing operation by the forcible door closing
means. 25 


