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(54) ELEVATOR APPARATUS

(57) There is provided an elevator device including
an emergency stop device operated by an electric actu-
ator capable of reducing a load applied to a motor. The
elevator device includes an elevator car; an emergency
stop device; a drive mechanism (12 to 19) that drives the
emergency stop device; and an electric actuator (10) that
operates the drive mechanism, in which the electric ac-
tuator includes an operation lever (11) connected to the
drive mechanism, a movable member (34A, 34B) that is
rotatably connected to the operation lever, an electro-
magnet portion (35) that attracts the movable member in

a standby state of the electric actuator, a feed screw (36)
that is screwed with the electromagnet portion, a motor
(37) that drives the feed screw, and a guide portion (201)
that, in a return operation of the electric actuator, causes
the movable member to follow a movement of the elec-
tromagnet portion such that the movable member is
aligned with respect to the electromagnet portion when
the electromagnet portion comes into contact with the
movable member by being moved toward the movable
member by driving the feed screw using the motor.
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Description

Technical Field

[0001] The present invention relates to an elevator de-
vice including an emergency stop device operated by an
electric actuator.

Background Art

[0002] The elevator device includes a governor and an
emergency stop device in order to constantly monitor an
elevating speed of an elevator car and to emergently stop
the elevator car that has fallen into a predetermined over-
speed state. In general, the elevator car and the governor
are coupled by a governor rope, and in a case where an
overspeed state is detected, the governor restrains the
governor rope to operate the emergency stop device on
the elevator car side, thereby emergently stopping the
elevator car.
[0003] In such an elevator device, since the governor
rope which is a long object is laid in a hoistway, space
saving and cost reduction are difficult. In addition, in a
case where the governor rope swings, a structure and
the governor rope in the hoistway easily interfere with
each other.
[0004] For this reason, an emergency stop device that
does not use a governor rope has been proposed.
[0005] As a technique in the related art regarding an
emergency stop device that does not use a governor
rope, a technique described in PTL 1 is known.
[0006] In the related art, a drive shaft that drives an
emergency stop device and an actuation mechanism that
operates the drive shaft are provided on the elevator car.
The actuation mechanism includes a movable iron core
mechanically connected to the drive shaft via a connec-
tion piece, and an electromagnetic core that attracts the
movable iron core. Although the drive shaft is biased by
a drive spring, the movement of the drive shaft is re-
strained by the actuation mechanism since an electro-
magnet portion is energized and the movable iron core
is attracted in a normal state.
[0007] In an emergency, the electromagnetic core is
demagnetized, the restraint of the drive shaft is released,
and the drive shaft is driven by a biasing force of the drive
spring. As a result, the emergency stop device is oper-
ated to emergently stop the elevator car.
[0008] In a case where the emergency stop device is
caused to return to the normal state, the electromagnetic
core is moved closer to the movable iron core moved in
the emergency. A movement mechanism of the electro-
magnetic core includes a feed screw, a motor that rotates
the feed screw, and a feed nut provided on the electro-
magnetic core and screwed with the feed screw. In a
case where the motor is rotated, the electromagnetic core
is moved by the feed screw and the feed nut. In a case
where the electromagnetic core abuts on the movable
iron core, the electromagnetic core is energized so that

the movable iron core is attracted to the electromagnetic
core. Further, in a state where the movable iron core is
attracted to the electromagnetic core, the electromagnet-
ic core is driven to cause the movable iron core and the
electromagnetic core to return to the normal standby po-
sitions.

Citation List

Patent Literature

[0009] PTL 1: WO 2020/110437 A

Summary of Invention

Technical Problem

[0010] In the above related art, a mechanical load ap-
plied to the motor at the time of recovery of the emergency
stop device is increased due to assembly tolerance and
dimensional tolerance of the actuation mechanism.
Therefore, increasing the output of the motor leads to an
increase in the size and power consumption of the motor.
[0011] Therefore, the present invention provides an el-
evator device including an emergency stop device oper-
ated by an electric actuator capable of reducing a load
applied to a motor.

Solution to Problem

[0012] In order to solve the problems, an elevator de-
vice according to an aspect of the present invention in-
cludes an elevator car; an emergency stop device pro-
vided to the elevator car; a drive mechanism that is pro-
vided to the elevator car and drives the emergency stop
device; and an electric actuator that is provided to the
elevator car and operates the drive mechanism, in which
the electric actuator includes an operation lever connect-
ed to the drive mechanism, a movable member that is
rotatably connected to the operation lever, an electro-
magnet portion that attracts the movable member in a
standby state of the electric actuator, a feed screw that
is screwed with the electromagnet portion, a motor that
drives the feed screw, and a guide portion that, in a return
operation of the electric actuator, causes the movable
member to follow a movement of the electromagnet por-
tion such that the movable member is aligned with re-
spect to the electromagnet portion when the electromag-
net portion comes into contact with the movable member
by being moved toward the movable member by driving
the feed screw using the motor.

Advantageous Effects of Invention

[0013] According to the present invention, it is possible
to reduce the load applied to the motor at the time of the
return operation of the electric actuator.
[0014] Problems, configurations, and effects other
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than those described above will be apparent from the
description of embodiments below.

Brief Description of Drawings

[0015]

[FIG. 1] FIG. 1 is a schematic configuration diagram
of an elevator device according to a first embodi-
ment.
[FIG. 2] FIG. 2 is a front view illustrating a mechanism
part of an electric actuator according to the first em-
bodiment (standby state).
[FIG. 3] FIG. 3 is a front view illustrating a mechanism
part of an electric actuator according to the first em-
bodiment (operating state).
[FIG. 4] FIG. 4 is a side view illustrating arrangement
of a movable member, an electromagnet portion, a
guide portion, and a feed screw in FIG. 2.
[FIG. 5] FIG. 5 is a top view illustrating a mechanism
part of an electric actuator according to the first em-
bodiment (operating state).
[FIG. 6] FIG. 6 is a top view illustrating a mechanism
part of an electric actuator according to the first em-
bodiment (during return operation).
[FIG. 7] FIG. 7 is a top view illustrating a mechanism
part of an electric actuator according to the first em-
bodiment (standby state).
[FIG. 8] FIG. 8 is a front view illustrating a mechanism
part of an electric actuator according to a second
embodiment (standby state).
[FIG. 9] FIG. 9 is a front view illustrating a mechanism
part of an electric actuator according to the second
embodiment (operating state).
[FIG. 10] FIG. 10 is a side view illustrating arrange-
ment of a movable member, an electromagnet por-
tion, a guide portion, and a feed screw in FIG. 8.
[FIG. 11] FIG. 11 is a top view illustrating a mecha-
nism part of an electric actuator according to the sec-
ond embodiment (operating state).
[FIG. 12] FIG. 12 is a top view illustrating a mecha-
nism part of an electric actuator according to the sec-
ond embodiment (during return operation).
[FIG. 13] FIG. 13 is a top view illustrating a mecha-
nism part of an electric actuator according to the sec-
ond embodiment (standby state).

Description of Embodiments

[0016] Hereinafter, an elevator device according to an
embodiment of the present invention will be described
according to first and second embodiments with refer-
ence to the drawings. In the drawings, the same refer-
ence numerals indicate the same components or com-
ponents having similar functions.

First Embodiment

[0017] FIG. 1 is a schematic configuration diagram of
an elevator device according to the first embodiment 1
of the present invention.
[0018] As illustrated in FIG. 1, the elevator device in-
cludes an elevator car 1, an electric actuator 10, drive
mechanisms (12 to 20), a pull-up rod 21, and an emer-
gency stop device 2.
[0019] The elevator car 1 is suspended by a main rope
(not illustrated) in a hoistway provided in a building, and
is slidably engaged with a guide rail 4 via a guide device
(not illustrated). In a case where the main rope is friction-
ally driven by a drive device (hoisting machine: not illus-
trated), the elevator car 1 is moved up and down in the
hoistway.
[0020] A speed detection device (not illustrated) is pro-
vided in the elevator car 1, and constantly detects the
elevating speed of the elevator car 1 in the hoistway.
Therefore, it is possible to detect that the elevating speed
of the elevator car 1 exceeds a predetermined overspeed
using the speed detection device.
[0021] In the first embodiment, the speed detection de-
vice includes an image sensor, and detects the speed of
the elevator car 1 on the basis of image information of a
surface state of the guide rail 4 acquired by the image
sensor. For example, the speed detection device calcu-
lates the speed from a movement distance of an image
feature amount in a predetermined time.
[0022] The speed detection device may calculate the
speed of the elevator car on the basis of an output signal
of a rotary encoder that is rotated with the movement of
the elevator car.
[0023] The electric actuator 10 is an electromagnetic
actuator in the first embodiment, and is disposed above
the elevator car 1. The electromagnetic actuator in-
cludes, for example, a movable piece or a movable rod
actuated by a solenoid or an electromagnet portion. The
electric actuator 10 is operated in a case where the speed
detection device detects a predetermined overspeed
state of the elevator car 1. In this case, the pull-up rod
21 is pulled up by the drive mechanisms (12 to 20) con-
nected to an operation lever 11. As a result, the emer-
gency stop device 2 is brought into a braking state.
[0024] The drive mechanisms (12 to 20) will be de-
scribed later.
[0025] One emergency stop device 2 is disposed on
each of the left and right sides of the elevator car 1. A
pair of brake shoes (not illustrated) included in each
emergency stop device 2 is movable between a braking
position and a non-braking position, and in a case where
the brake shoes clamp the guide rail 4 at the braking
position, and are relatively raised by the lowering of the
elevator car 1, a braking force is generated by a frictional
force acting between the brake shoes and the guide rail
4. As a result, the emergency stop device 2 is operated
in a case where the elevator car 1 falls into the overspeed
state, to emergently stops the elevator car 1.
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[0026] The elevator device of the first embodiment in-
cludes a so-called low-press governor system that does
not use a governor rope, and in a case where the elevat-
ing speed of the elevator car 1 exceeds the rated speed
and reaches a first overspeed (for example, a speed that
does not exceed 1.3 times the rated speed), the power
supply of the drive device (hoisting machine) and the
power supply of a control device that controls the drive
device are cut off. In a case where the lowering speed
of the elevator car 1 reaches a second overspeed (for
example, a speed that does not exceed 1.4 times the
rated speed), the electric actuator 10 provided in the el-
evator car 1 operates the emergency stop device 2, and
the elevator car 1 is emergently stopped.
[0027] In the first embodiment, the low-press governor
system includes the above-described speed detection
device, and a safety control device that determines an
overspeed state of the elevator car 1 on the basis of the
output signal of the speed detection device. The safety
control device measures the speed of the elevator car 1
on the basis of the output signal of the speed detection
device, and in a case where it is determined that the
measured speed has reached the first overspeed, the
safety control device outputs a command signal for cut-
ting off the power supply of the drive device (hoisting
machine) and the power supply of the control device that
controls the drive device. In a case where it is determined
that the measured speed has reached the second over-
speed, the safety control device outputs a command sig-
nal for operating the electric actuator 10.
[0028] As described above, in a case where the pair
of brake shoes included in the emergency stop device 2
is pulled up by the pull-up rod 21, the pair of brake shoes
clamps the guide rail 4. The pull-up rod 21 is driven by
the drive mechanisms (12 to 20) connected to the electric
actuator 10.
[0029] Hereinafter, a configuration of the drive mech-
anism will be described. The configuration of the electric
actuator 10 will be described later (FIGS. 2 to 4).
[0030] The operation lever 11 and a first actuation
piece 16 of the electric actuator 10 are connected to form
a substantially T-shaped first link member. The operation
lever 11 and the first actuation piece 16 constitute a head
part and a foot part of the T shape, respectively. The
substantially T-shaped first link member is rotatably sup-
ported by a crosshead 50 as a support member, via a
first actuation shaft 19 at a connection portion between
the operation lever 11 and the first actuation piece 16.
An end portion of one (left side in the drawing) of the pair
of pull-up rods 21 is connected to an end portion of the
first actuation piece 16, which is the foot part of the T
shape, on a side opposite to the connection portion be-
tween the operation lever 11 and the first actuation piece
16.
[0031] A connection piece 17 and a second actuation
piece 18 are connected to form a substantially T-shaped
second link member. The connection piece 17 and the
second actuation piece 18 constitute a head part and a

foot part of the T shape, respectively. The substantially
T-shaped second link member is rotatably supported by
the crosshead 50 via a second actuation shaft 20 at a
connection portion between the connection piece 17 and
the second actuation piece 18. An end portion of the other
(left side in the drawing) of the pair of pull-up rods 21 is
connected to an end portion of the second actuation piece
18, which is the foot part of the T shape, on a side opposite
to the connection portion between the connection piece
17 and the second actuation piece 18.
[0032] An end portion of the operation lever 11 extend-
ing from the inside to the outside of a housing 30 and an
end portion that is closer to an upper portion of the ele-
vator car 1 than the second actuation shaft 20 among
both end portions of the connection piece 17 are respec-
tively connected to one end (left side in the drawing) and
the other end (right side in the drawing) of a drive shaft
12 lying on the elevator car 1.
[0033] The drive shaft 12 slidably passes through a
fixing portion 14 (fixing bolt is not illustrated) fixed to the
crosshead 50 by bolt fastening. The drive shaft 12 pen-
etrates a pressing member 15, and the pressing member
15 is fixed to the drive shaft 12. The pressing member
15 is positioned on the second link member (connection
piece 17, second actuation piece 18) side of the fixing
portion 14. A drive spring 13 which is an elastic body is
positioned between the fixing portion 14 and the pressing
member 15, and the drive shaft 12 is inserted into the
drive spring 13.
[0034] In a case where the electric actuator 10 is op-
erated, that is, in a case where the energization to the
electromagnet portion is cut off in the first embodiment,
an electromagnetic force that restrains the movement of
the operation lever 11 against the biasing force of the
drive spring 13 disappears, so that the drive shaft 12 is
driven along a longitudinal direction by the biasing force
of the drive spring 13 applied to the pressing member
15. Therefore, the first link member (operation lever 11,
first actuation piece 16) rotates about the first actuation
shaft 19, and the second link member (connection piece
17, second actuation piece 18) rotates about the second
actuation shaft 20. As a result, one of the pull-up rods 21
connected to the first actuation piece 16 of the first link
member is driven and pulled up, and the other of the pull-
up rods 21 connected to the second actuation piece 18
of the second link member is driven and pulled up.
[0035] In the first embodiment, a flexible cover member
32 through which the operation lever 11 is inserted is
provided in an insertion portion for the operation lever
11, in a housing cover 31 as an upper surface of the
housing 30. As a result, entry of dust, foreign matter, and
the like into the housing 30 where the mechanism part
of the electric actuator 10 is housed is prevented.
[0036] FIG. 2 is a front view illustrating a mechanism
part of the electric actuator 10, which is housed in the
housing 30, according to the first embodiment in an in-
stalled state of FIG. 1. In FIG. 2, the emergency stop
device is in a non-operating state, and the electric actu-
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ator 10 is in a standby state. That is, the elevator device
is in a normal operation state.
[0037] As illustrated in FIG. 2, in the standby state, a
movable member (34A, 34B) connected to the operation
lever 11 is attracted to an excited electromagnet portion
35. As a result, the movement of the operation lever 11
is restrained against the biasing force of the drive spring
13 (compression spring).
[0038] The movable member includes an attraction
portion 34A which is attracted to a magnetic pole surface
of the electromagnet portion 35, and a support portion
34B to which the attraction portion 34A is fixed. The op-
eration lever 11 is connected to the support portion 34B
via a bracket 38 rotatably connected to the support por-
tion 34B. In the movable member, at least the attraction
portion 34A is formed of a magnetic material.
[0039] The support portion 34B is connected to the
bracket 38 using an engagement pin 102. A shaft portion
101 of the engagement pin 102 passes through a long
hole 103 in the support portion 34B, and an end portion
of the shaft portion 101 is fixed to the bracket 38. The
longitudinal direction of the long hole 103 is parallel to
an attraction surface of the attraction portion 34A. The
width of the long hole 103 in a direction perpendicular to
the longitudinal direction of the long hole 103 is larger
than the diameter of the shaft portion 101 of the engage-
ment pin 102 and is smaller than the diameter of the head
of the engagement pin 102.
[0040] Due to such a long hole 103, there is a degree
of freedom in the position of the engagement pin 102 in
the support portion 34B. Therefore, in a case where the
operation lever 11 is rotated to change the height of the
engagement pin 102 from a substrate 40 as in the return
operation of the electric actuator described later, it is pos-
sible to alleviate the stress that the movable member
(34A, 34B) receives from the engagement pin 102.
[0041] The electromagnet portion 35 includes a guide
portion 201. The guide portion 201 is fitted to the attrac-
tion portion 34A of the movable member. As a result, the
movable member is aligned with respect to the electro-
magnet portion 35.
[0042] The movable member may be displaced during
an emergency stop operation of the electric actuator 10.
Even in a case where displacement occurs, when the
guide portion 201 of the electromagnet portion 35 and
the attraction portion 34A are fitted to each other in the
return operation of the electric actuator 10, the displaced
movable member is moved while being guided by the
guide portion 201, and thus the movable member is
aligned with respect to the electromagnet portion 35.
[0043] Other mechanism parts (36, 37, 40 to 42) in
FIG. 2 will be described later (FIG. 3).
[0044] In the first embodiment, the flexible cover mem-
ber 32 that covers an opening portion is provided in the
opening portion through which the operation lever 11 is
inserted in the housing cover 31 as the upper surface of
the housing 30. For example, the cover member 32 is
formed of a thin rubber material. Since the cover member

32 has flexibility, the movement of the operation lever 11
when the emergency stop device is actuated is not hin-
dered.
[0045] The cover member 32 prevents dust, foreign
matters, and the like from entering the housing 30 and
adhering to or coming into contact with the mechanism
part. As a result, the reliability of the operation of the
electric actuator 10 in an installation environment (such
as in the hoistway) is improved.
[0046] FIG. 3 is a front view illustrating a mechanism
part of the electric actuator 10, which is housed in the
housing 30, according to the first embodiment in the in-
stalled state of FIG. 1. In FIG. 3, the emergency stop
device is in the braking state, and the electric actuator
10 is in the operating state. That is, the elevator device
is stopped by the emergency stop device.
[0047] In a case where the excitation of the electro-
magnet portion 35 is stopped due to a command from
the safety control device (not illustrated), the attractive
force acting on the movable member (34A, 34B) disap-
pears, so that the biasing force of the drive spring 13 is
released and the drive shaft 12 is driven. In a case where
the drive shaft 12 is driven, the operation lever 11 con-
nected to the drive shaft 12 is rotated about the first ac-
tuation shaft 19, and in conjunction with this, the first ac-
tuation piece 16 connected to the operation lever 11 is
rotated about the first actuation shaft 19. As a result, the
pull-up rod 21 connected to the first actuation piece 16
is pulled up.
[0048] In a case where the operation lever 11 is rotated
as described above, the movable member connected to
the operation lever 11 is moved along a rotation direction
of the operation lever 11. In order to cause the electric
actuator 10 to return to the standby state as illustrated in
FIG. 2, as described below, the movable member returns
from a moving position (FIG. 3) to a standby position
(FIG. 2) by the mechanism part (36, 37, 40 to 42) of which
the description is omitted in FIG. 2.
[0049] As illustrated in FIG. 3, the electric actuator 10
has a feed screw 36 positioned on a planar portion of the
substrate 40 in order to drive the movable member. The
feed screw 36 is rotatably supported by a first support
member 41 and a second support member 42 that are
fixed on the plane of the substrate 40. The electromagnet
portion 35 includes a feed nut 39, and the feed nut 39 is
screwed with the feed screw 36. The feed screw 36 is
rotated by a motor 37.
[0050] In order to cause the electric actuator 10 to re-
turn to the standby state, first, the motor 37 is driven to
rotate the feed screw 36. The rotation of the motor 37 is
converted into the linear movement of the electromagnet
portion 35 along the axis direction of the feed screw 36
by the rotating feed screw 36 and the feed nut 39 included
in the electromagnet portion 35.
[0051] In a case where the electromagnet portion 35
approaches the moving position of the movable member
(34A, 34B), the guide portion 201 is fitted to the attraction
portion 34A of the movable member. As a result, the at-
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traction portion 34A and the magnetic pole surface of the
electromagnet portion 35 are brought into surface contact
with each other while the movable member is aligned
with respect to the electromagnet portion 35. In a case
where such contact between the movable member and
the electromagnet portion 35 is detected by a switch (not
illustrated) or the load current of the motor 37, the elec-
tromagnet portion 35 is excited and the motor 37 is
stopped. The electromagnetic force acts on the movable
member, and the movable member is attracted to the
electromagnet portion 35.
[0052] In a case where the movable member is attract-
ed to the electromagnet portion 35, the rotation direction
of the motor 37 is reversed while the excitation of the
electromagnet portion 35 is continued, and the feed
screw 36 is reversed. As a result, the movable member
is moved to the standby position together with the elec-
tromagnet portion 35. In this case, since the movable
member is aligned with respect to the electromagnet por-
tion 35, the movable member is smoothly moved without
increasing the load of the motor 37.
[0053] FIG. 4 is a side view illustrating arrangement of
the movable member (34A, 34B), the electromagnet por-
tion 35, the guide portion 201, and the feed screw 36 in
FIG. 2. Note that FIG. 4 is a side view of FIG. 2 as viewed
from the right in the drawing.
[0054] As illustrated in FIG. 4, the attraction portion
34A of the movable member has a line-symmetric planar
shape having a symmetric axis passing through the cen-
tral axis of the feed screw 36. The electromagnet portion
35 has two circular magnetic pole surfaces. These mag-
netic pole surfaces are arranged symmetrically with re-
spect to the same symmetric axis.
[0055] The attraction portion 34A has a cutout portion
34C at a central portion. The cutout portion 34C and the
guide portion 201 are fitted to each other. The guide por-
tion 201 has a hollow cylindrical shape, and the feed
screw 36 passes through the guide portion 201. The
opening end portion of the guide portion 201 on the mov-
able member side has a tapered surface of which the
diameter is decreased toward the attraction portion 34A
of the movable member. In FIG. 4, this tapered surface
can be seen.
[0056] Even in a case where the movable member is
displaced during the emergency stop operation, when
the guide portion 201 and the cutout portion 34C are fitted
to each other in the return operation of the electric actu-
ator 10, first, the tapered surface at the opening end por-
tion of the guide portion 201 on the movable member
side comes into contact with the edge of the cutout portion
34C to move the movable member. That is, the displaced
movable member is moved by being guided by the guide
portion 201. Further, in a case where the guide portion
201 and the cutout portion 34C are fitted to each other
up to the maximum diameter portion of the tapered sur-
face, that is, the cylindrical portion following the tapered
surface, the movable member is aligned at the position
set by the guide portion 201 with respect to the electro-

magnet portion 35.
[0057] The width (w) of the cutout portion 34C in the
horizontal direction in FIG. 4, that is, in the axis direction
of the engagement pin 102 is set to be larger than the
diameter (d) of the cylindrical portion of the guide portion
201 within a range of a desired aligning accuracy (Δx) (d
< w ≤ d+Δx). In addition, in the first embodiment, in a
case where the guide portion 201 and the cutout portion
34C are fitted to each other, the upper edge of the cutout
portion 34C is pushed up by the tapered surface of the
guide portion 201, so that it is possible to perform posi-
tioning even with respect to the positional displacement
of the movable member in the height direction.
[0058] As illustrated in FIG. 4, the support portion 34B
of the movable member has two engagement portions
with the bracket 38. The two engagement portions are
arranged line-symmetrically with respect to the symmet-
ric axis of the attraction portion 34A described above. In
each of the two engagement portions, the movable mem-
ber is connected to the bracket 38 via the engagement
pin 102 of which the shaft portion 101 is fixedly connected
to the side portion of the bracket 38 through the long hole
103.
[0059] FIG. 4 illustrates a state in which the movable
member is aligned. In this state, the dimensions of the
bracket 38 and the support portion 34B and the positional
relationship between the bracket 38 and the support por-
tion 34B are set such that the side portion of the bracket
38 and the side portion of the support portion 34B facing
each other do not come into contact with each other.
Therefore, there is a gap (play) between the side portion
of the bracket 38 and the side portion of the support por-
tion 34B. As described above, in order to give a degree
of freedom to the position of the engagement pin 102
within the range of the long hole 103, the end portion of
the shaft portion 101 of the engagement pin 102 on the
head side of the engagement pin 102 protrudes from the
long hole 103 on a side of the support portion 34B oppo-
site to the bracket 38 side, and is a free end.
[0060] Therefore, the movable member (34A, 34B) is
rotatable about the engagement pin 102, and is movable
in the axis direction of the engagement pin 102, that is,
in the rotation axis direction. As a result, in the axis di-
rection of the engagement pin 102, the movable member
(34A, 34B) can be displaced, and the movable member
(34A, 34B) can be aligned as described later.
[0061] Next, the return operation of the electric actua-
tor 10 will be described with reference to FIGS. 5 to 7.
[0062] FIGS. 5 to 7 are top views illustrating the mech-
anism part of the electric actuator according to the first
embodiment.
[0063] In FIGS. 5, 6, and 7, the electric actuators are
in the operating state (corresponding to FIG. 3), the return
operation, and the standby state (corresponding to FIG.
2), respectively.
[0064] In FIG. 5, the movable member (34A, 34B) is
displaced in the axis direction of the engagement pin.
That is, the center of the cutout portion 34C (the center
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in the horizontal direction in FIG. 4) is displaced upward
in FIG. 5 (rightward in FIG. 4) from the rotation axis of
the feed screw 36. Therefore, in a case where the support
portion 34B of the movable member approaches the
bracket 38 due to the positional displacement, the sup-
port portion 34B and the bracket 38 may come into con-
tact with each other due to dimensional tolerance and
assembly tolerance of the electric actuator.
[0065] In a case where the support portion 34B and
the bracket 38 come into contact with each other, the
load on the motor 37 is increased during the return op-
eration. Therefore, in order to ensure the reliability of the
return operation, the motor 37 is required to have an out-
put value of a magnitude that allows for an increase in
load due to the contact between the support portion 34B
and the bracket 38.
[0066] On the other hand, in the first embodiment, as
described below, by aligning the movable member with
respect to the electromagnet portion 35 at the time of the
return operation, it is possible to prevent an increase in
the motor load due to the contact between the support
portion 34B and the bracket 38.
[0067] As illustrated in FIG. 6, during the return oper-
ation of the electric actuator, the electromagnet portion
35 is driven by the feed screw 36 rotated by the motor
37, and the electromagnet portion 35 is moved toward
the movable member. In a case where the electromagnet
portion 35 approaches the movable member, the tip end
portion of the guide portion 201 having the tapered sur-
face is fitted to the cutout portion 34C of the attraction
portion 34A. In this case, since the edge of the cutout
portion 34C is pressed by the tapered surface, the mov-
able member is moved in the axis direction of the en-
gagement pin 102. In the first embodiment, the movable
member is moved downward in FIG. 5 from the position
in FIG. 5.
[0068] In a case where the electromagnet portion 35
is further moved so that the guide portion 201 and the
cutout portion 34C are fitted to each other up to the max-
imum diameter portion of the tapered surface, that is, the
cylindrical portion following the tapered surface as illus-
trated in FIG. 6, the movement of the movable member
is stopped, and the movable member is aligned at the
position set by the guide portion 201 with respect to the
electromagnet portion 35.
[0069] That is, in a case where the electromagnet por-
tion 35 approaches the displaced movable member, the
movable member is guided by the guide portion 201 in-
cluded in the electromagnet portion 35, and is moved in
a direction opposite to a direction in which the movable
member is displaced. As a result, the movable member
is aligned at the position set by the guide portion 201 with
respect to the electromagnet portion 35.
[0070] With such alignment, it is possible to eliminate
a state in which the support portion 34B and the bracket
38 may come into contact with each other, which occurs
due to dimensional tolerance or assembly tolerance of
the electric actuator when the movable member is dis-

placed.
[0071] In a case where the movable member is aligned
with respect to the electromagnet portion 35, the electro-
magnet portion 35 is energized and attracts the attraction
portion 34A using the electromagnetic force. While the
electromagnet portion 35 is energized, the motor 37 is
rotated in a direction opposite to a direction in which the
electromagnet portion 35 is moved toward the movable
member. The electromagnet portion 35 is driven by the
feed screw 36 rotated by the motor 37 rotating reversely
in this manner, and the electromagnet portion 35 and the
movable member (34A, 34B) are moved to the position
in the standby state as illustrated in FIG. 7. In this case,
the electromagnet portion 35 and the movable member
(34A, 34B) are moved in a state where the movable mem-
ber is aligned with respect to the electromagnet portion
35. Therefore, it is possible to prevent an increase in
motor load due to the dimensional tolerance or the as-
sembly tolerance of the electric actuator.
[0072] In a case where the electromagnet portion 35
and the movable member (34A, 34B) are moved to the
position in the standby state, the motor 37 is stopped,
and the energization of the electromagnet portion 35 is
maintained. As a result, the electric actuator is in the
standby state as illustrated in FIG. 7.
[0073] As described above, according to the first em-
bodiment, at the time of the return operation of the electric
actuator, the movable member (34A, 34B), which is dis-
placed at the time of the operation of the electric actuator,
is moved while the guide portion 201 guides the direction
in which the movable member is moved, in a direction
opposite to a direction in which the movable member is
displaced, and thereby the movable member is aligned
with respect to the electromagnet portion 35. That is, in
the return operation, the movable member follows the
movement of the electromagnet portion 35 by the guide
portion 201 included in the electromagnet portion so that
the movable member is aligned with respect to the elec-
tromagnet portion 35 in a case where the electromagnet
portion 35 is moved toward the movable member and
comes into contact with the movable member.
[0074] In addition, the electric actuator according to
the first embodiment is similarly operated at the time of
power failure recovery even in a case where the ener-
gization to the electromagnet portion 35 is stopped due
to the power failure.
[0075] As a result, it is possible to prevent an increase
in motor load when the electromagnet portion 35 is
moved to the position in the standby state, which occurs
due to the dimensional tolerance or the assembly toler-
ance of the electric actuator. Therefore, the output ca-
pacity of the motor 37 can be reduced.

Second Embodiment

[0076] Next, an elevator device according to the sec-
ond embodiment of the present invention will be de-
scribed with reference to FIGS. 8 to 13.
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[0077] Note that a schematic configuration of the ele-
vator device of the second embodiment is similar to that
of the first embodiment (FIG. 1).
[0078] Hereinafter, differences from the first embodi-
ment will be mainly described.
[0079] FIG. 8 is a front view illustrating a mechanism
part of the electric actuator 10, which is housed in the
housing 30, according to the second embodiment in the
installed state of FIG. 1 (corresponding to FIG. 2 de-
scribed above). In FIG. 8, the emergency stop device is
in a non-operating state, and the electric actuator 10 is
in a standby state. That is, the elevator device is in a
normal operation state.
[0080] As illustrated in FIG. 8, in the second embodi-
ment, unlike the first embodiment, the attraction portion
34A of the movable member (34A, 34B) includes a guide
portion 301. As will be described later (FIG. 10), the guide
portion 301 is re provided on each of both left and right
sides of the attraction surface of the attraction portion
34A with the electromagnet portion 35. Between these
guide portions 301, the electromagnet portion 35 is fitted
to the attraction portion 34A of the movable member. As
a result, the movable member is aligned with respect to
the electromagnet portion 35.
[0081] As will be described later, in a case where ta-
pered surfaces of the guide portions 301 are pressed by
the electromagnet portion 35, the displaced movable
member is moved and aligned. Therefore, although the
movable member includes the guide portions 301, the
alignment mechanism is similar to that of the first em-
bodiment. As described above, also in the second em-
bodiment, the movable member is moved while being
guided by the guide portions 301 to be aligned with re-
spect to the electromagnet portion 35.
[0082] FIG. 9 is a front view illustrating a mechanism
part of the electric actuator 10, which is housed in the
housing 30, according to the second embodiment in the
installed state of FIG. 1 (corresponding to FIG. 3 de-
scribed above). In FIG. 9, the emergency stop device is
in the braking state, and the electric actuator 10 is in the
operating state. That is, the elevator device is stopped
by the emergency stop device.
[0083] In a case where the electromagnet portion 35
approaches the movable member (34A, 34B) from the
position illustrated in FIG. 9, the electromagnet portion
35 is fitted to the attraction portion 34A of the movable
member between the guide portions 301 provided on
both left and right sides of the attraction surface of the
attraction portion 34A. As a result, the movable member
is aligned with respect to the electromagnet portion 35.
Therefore, in a case where the movable member is
moved to the standby position together with the electro-
magnet portion 35 that attracts the movable member, the
movable member is smoothly moved without increasing
the load of the motor 37.
[0084] FIG. 10 is a side view illustrating arrangement
of the movable member (34A, 34B), the electromagnet
portion 35, the guide portions 301, and the feed screw

36 in FIG. 8. Note that FIG. 10 is a side view of FIG. 8
as viewed from the right in the drawing.
[0085] As in the first embodiment, the attraction portion
34A has the cutout portion 34C at the central portion of
the attraction surface. The feed screw 36 passes through
the central portion of the cutout portion 34C. The width
of the cutout portion 34C in the horizontal direction in the
drawing is set to such a size that the edge of the cutout
portion 34C does not come into contact with the feed
screw 36 in consideration of the displacement of the mov-
able member.
[0086] As illustrated in FIG. 10, the attraction portion
34A includes the guide portions 301 at both left and right
end portions in the horizontal direction in the drawing. As
illustrated in FIGS. 11 to 13 described later, each of the
two guide portions has a tapered surface that is open
toward the electromagnet portion 35. In FIG. 10, these
tapered surfaces can be seen.
[0087] Even in a case where the movable member is
displaced during the emergency stop operation, when
the attraction portion 34A and the electromagnet portion
35 are fitted to each other between the two guide portions
301 in the return operation of the electric actuator 10,
first, the end portion of the magnetic pole surface of the
electromagnet portion 35 comes into contact with the ta-
pered surfaces of the guide portions 301. Therefore, the
tapered surfaces are pressed against the end portion of
the magnetic pole surface, and the movable member is
moved. That is, the displaced movable member is moved
by being guided by the guide portions 301. In a case
where the electromagnet portion 35 is further moved and
the magnetic pole surface of the electromagnet portion
35 comes into surface contact with the attraction surface
between the guide portions 301, the movable member is
aligned at the position set by the electromagnet portion
35.
[0088] The width (W) of the attraction surface between
the guide portions 301 in the horizontal direction in FIG.
10, that is, in the axis direction of the engagement pin
102 is set to be larger than the distance (D) between two
end portions of the magnetic pole surface in contact with
the tapered surfaces within a range of a desired aligning
accuracy (ΔX) (D < W ≤ D+ΔX).
[0089] Next, the return operation of the electric actua-
tor 10 will be described with reference to FIGS. 11 to 13.
[0090] FIGS. 11 to 13 are top views illustrating the
mechanism part of the electric actuator according to the
first embodiment.
[0091] In FIGS. 11, 12, and 13, the electric actuators
are in the operating state (corresponding to FIG. 9), the
return operation, and the standby state (corresponding
to FIG. 8), respectively.
[0092] As illustrated in FIGS. 11 to 13, the attraction
portion 34A of the movable member has the guide por-
tions 301 on both sides of the cutout portion 34C. The
guide portions 301 are provided at both end portions of
the attraction surface of the attraction portion 34A facing
the magnetic pole surface of the electromagnet portion
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35 in parallel. The guide portion 301 has the tapered sur-
face. Each of the tapered surfaces is formed of an inclined
surface extending outward from the end portion of the
attraction surface and approaching the magnetic pole
surface of the electromagnet portion 35. Therefore, two
tapered surfaces at both end portions of the attraction
surface are open toward the electromagnet portion 35.
Between such tapered surfaces, the electromagnet por-
tion 35 is fitted to the movable member, and thereby the
movable member is aligned as described below.
[0093] In the second embodiment, the guide portions
301 are formed of a member different from the attraction
portion 34A. Note that the guide portions 301 may be
formed by bending both end portions of a plate material
forming the attraction portion 34A in a tapered shape.
Further, the guide portion 301 may be formed of a non-
magnetic material. In this case, when the electromagnet
portion 35 is energized, the magnetic pole surface of the
electromagnet and the attraction surface of the attraction
portion 34A are attracted with high reliability.
[0094] In FIG. 11, the movable member (34A, 34B) is
displaced in the axis direction of the engagement pin 102.
That is, the center of the cutout portion 34C (the center
in the horizontal direction in FIG. 10) is displaced upward
in FIG. 11 (rightward in FIG. 10) from the rotation axis of
the feed screw 36. Therefore, in a case where the support
portion 34B of the movable member approaches the
bracket 38 due to the positional displacement, the sup-
port portion 34B and the bracket 38 may come into con-
tact with each other due to dimensional tolerance and
assembly tolerance of the electric actuator.
[0095] In a case where the support portion 34B and
the bracket 38 come into contact with each other, the
load on the motor 37 is increased during the return op-
eration. Therefore, in order to ensure the reliability of the
return operation, the motor 37 is required to have an out-
put value of a magnitude that allows for an increase in
load due to the contact between the support portion 34B
and the bracket 38.
[0096] On the other hand, in the second embodiment,
as described below, by aligning the movable member
with respect to the electromagnet portion 35 at the time
of the return operation, it is possible to prevent an in-
crease in the motor load due to the contact between the
support portion 34B and the bracket 38.
[0097] As illustrated in FIG. 12, during the return op-
eration of the electric actuator, the electromagnet portion
35 is driven by the feed screw 36 rotated by the motor
37, and the electromagnet portion 35 is moved toward
the movable member. In a case where the electromagnet
portion 35 approaches the movable member, the elec-
tromagnet portion 35 is fitted between the guide portions
301 of the attraction portion 34A. In this case, since the
tapered surfaces of the guide portions 301 are pressed
by the end portions of the magnetic pole surface of the
electromagnet portion 35, the movable member is moved
in the axis direction of the engagement pin 102. In the
second embodiment, the movable member is moved

downward in FIG. 11 from the position in FIG. 11.
[0098] In a case where the electromagnet portion 35
is further moved and the attraction surface between the
guide portions 301 of the attraction portion 34A and the
magnetic pole surface of the electromagnet portion 35
come into surface contact with each other as illustrated
in FIG. 12, the movement of the movable member is
stopped. In this case, the movable member is aligned at
the position set by the electromagnet portion 35 with re-
spect to the electromagnet portion 35.
[0099] That is, in a case where the electromagnet por-
tion 35 approaches the displaced movable member, the
movable member is guided by the guide portions 301
included in the movable member, and is moved in a di-
rection opposite to a direction in which the movable mem-
ber is displaced. As a result, the movable member is
aligned at the position set by the electromagnet portion
35.
[0100] With such alignment, it is possible to eliminate
a state in which the support portion 34B and the bracket
38 may come into contact with each other, which occurs
due to dimensional tolerance or assembly tolerance of
the electric actuator when the movable member is dis-
placed.
[0101] In a case where the movable member is aligned
with respect to the electromagnet portion 35, the electro-
magnet portion 35 is energized and attracts the attraction
portion 34A using the electromagnetic force. While the
electromagnet portion 35 is energized, the motor 37 is
rotated in a direction opposite to a direction in which the
electromagnet portion 35 is moved toward the movable
member. The electromagnet portion 35 is driven by the
feed screw 36 rotated by the motor 37 rotating reversely
in this manner, and the electromagnet portion 35 and the
movable member (34A, 34B) are moved to the position
in the standby state as illustrated in FIG. 13. In this case,
the electromagnet portion 35 and the movable member
(34A, 34B) are moved in a state where the movable mem-
ber is aligned with respect to the electromagnet portion
35. Therefore, it is possible to prevent an increase in
motor load due to the dimensional tolerance or the as-
sembly tolerance of the electric actuator.
[0102] In a case where the electromagnet portion 35
and the movable member (34A, 34B) are moved to the
position in the standby state, the motor 37 is stopped,
and the energization of the electromagnet portion 35 is
maintained. As a result, the electric actuator is in the
standby state as illustrated in FIG. 13.
[0103] As described above, according to the second
embodiment, at the time of the return operation of the
electric actuator, the movable member (34A, 34B), which
is displaced at the time of the operation of the electric
actuator, is moved while the guide portions 301 guide
the direction in which the movable member is moved, in
a direction opposite to a direction in which the movable
member is displaced, and thereby the movable member
is aligned with respect to the electromagnet portion 35.
That is, in the return operation, the movable member fol-
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lows the movement of the electromagnet portion 35 by
the guide portions 301 included in the movable member
so that the movable member is aligned with respect to
the electromagnet portion 35 in a case where the elec-
tromagnet portion 35 is moved toward the movable mem-
ber and comes into contact with the movable member.
[0104] In addition, the electric actuator according to
the second embodiment is similarly operated at the time
of power failure recovery even in a case where the en-
ergization to the electromagnet portion 35 is stopped due
to the power failure.
[0105] As a result, it is possible to prevent an increase
in motor load when the electromagnet portion 35 is
moved to the position in the standby state, which occurs
due to the dimensional tolerance or the assembly toler-
ance of the electric actuator. Therefore, the output ca-
pacity of the motor 37 can be reduced.
[0106] Note that the present invention is not limited to
the above-described embodiments, and includes various
modifications. For example, the respective embodiments
described above are described in detail in order to de-
scribe the present invention for easy understanding, and
are not necessarily limited to those having all the de-
scribed configurations. In addition, it is possible to add,
delete, and replace other configurations for a part of the
configuration of each embodiment.
[0107] For example, the electric actuator 10 may be
provided in a lower portion or a side portion in addition
to the upper portion of the elevator car 1.
[0108] Further, the elevator device may include a ma-
chine room, or may be a so-called machine-room-less
elevator.

Reference Signs List

[0109]

1 elevator car
2 emergency stop device
3 position sensor
4 guide rail
10 electric actuator
11 operation lever
12 drive shaft
13 drive spring
14 fixing portion
15 pressing member
16 actuation piece
17 connection piece
18 actuation piece
19 actuation shaft
20 actuation shaft
21 pull-up rod
30 housing
31 housing cover
32 cover member
33 plate member
34A attraction portion

34B support portion
34C cutout portion
35 electromagnet portion
36 feed screw
37 motor
38 bracket
39 feed nut
40 substrate
41 support member
42 support member
50 crosshead
101 shaft portion
102 engagement pin
103 long hole
201 guide portion
301 guide portion

Claims

1. An elevator device comprising:

an elevator car;
an emergency stop device provided to the ele-
vator car;
a drive mechanism that is provided to the ele-
vator car and drives the emergency stop device;
and
an electric actuator that is provided to the ele-
vator car and operates the drive mechanism,
wherein the electric actuator includes an oper-
ation lever connected to the drive mechanism,
a movable member that is rotatably connected
to the operation lever,
an electromagnet portion that attracts the mov-
able member in a standby state of the electric
actuator,
a feed screw that is screwed with the electro-
magnet portion,
a motor that drives the feed screw, and
a guide portion that, in a return operation of the
electric actuator, causes the movable member
to follow a movement of the electromagnet por-
tion such that the movable member is aligned
with respect to the electromagnet portion when
the electromagnet portion comes into contact
with the movable member by being moved to-
ward the movable member by driving the feed
screw using the motor.

2. The elevator device according to claim 1, wherein
there is a gap between the movable member and a
connection portion of the operation lever with the
movable member.

3. The elevator device according to claim 2, wherein
the movable member is movable along a rotation
axis.
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4. The elevator device according to claim 1, wherein
the electromagnet portion includes the guide portion.

5. The elevator device according to claim 4, wherein
the guide portion is fitted to the movable member.

6. The elevator device according to claim 5, wherein

the guide portion has a tapered surface, and
when the guide portion is fitted to the movable
member, the guide portion is pressed by the ta-
pered surface, and the movable member is driv-
en.

7. The elevator device according to claim 1, wherein

the movable member includes the guide portion,
and
the guide portion has a first guide portion and a
second guide portion that face the electromag-
net portion.

8.  The elevator device according to claim 7, wherein
the electromagnet portion is fitted to the movable
member between the first guide portion and the sec-
ond guide portion.

9. The elevator device according to claim 8, wherein

the guide portion has a tapered surface, and
when the electromagnet portion is fitted to the
movable member, the tapered surface is
pressed by the electromagnet portion, and the
movable member is driven.
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