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(54) DAMPING DEVICE OF ELEVATOR

(57) A vibration damping device for an elevator can
improve the ride comfort of an elevator cage included in
the elevator by efficiently damping the vibration of the
elevator cage. The vibration damping device uses a fil-
tering means for reducing the gains of vibrations of fre-
quencies outside a frequency band including the low nat-

ural frequency of vibration insulating means elastically
supporting the elevator cage. Thus, the ride comfort of
the elevator cage can be improved by concentratedly us-
ing a movable weight and a driving means for damping
vibrations caused by the vibration of a low natural fre-
quency of the vibration isolating means.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a vibration
damping device including a movable weight movably
supported on an elevator cage and capable of being driv-
en for movement to damp the vibration of the elevator
cage. More specifically, the present invention relates to
techniques for improving a vibration damping device for
efficiently damping the vibration of an elevator cage.

Description of the Related Art

[0002] Referring to Fig. 7, a cage assembly 1 for an
elevator has an elevator cage 4 supported on a cage
frame 2 via vibration insulating members 3. A main rope
5 suspended from a hoist, not shown, is connected to
the cage frame 3 via a vibration insulating member 6 to
move the cage assembly 1 vertically in an elevator shaft
7. Guide rollers 9 are supported on the four corners of
the cage frame 2 via vibration insulating members 8. The
guide rollers 9 roll on a right guide rail 10R and a left
guide rail 10L attached vertically to walls 7a defining the
elevator shaft 7 to guide the cage assembly 1 for vertical
movement.
[0003] Since the guide rails 10R and 10L warp slightly,
when the cage assembly 1 moves vertically in the eleva-
tor shaft 7, lateral vibratory force acts through the guide
rollers 9 to the cage assembly 1. The vibratory force can
be attenuated to some extent by the vibration insulating
members 8 and the vibration insulating members 3 while
the vibratory force is being transmitted to the elevator
cage 4, but elevator cage 4 cannot be completely insu-
lated from the vibratory force. Installation and adjustment
of the guide rails 10R and 10L requires considerable
man-hours for straightening the guide rails 10R and 10L.
Although increase in the speed of the vertical movement
of the elevator cage 4 requires higher precision in install-
ing the guide rails 10R and 10L, there is limit to the ac-
curacy of installation work. A vibration damping device
for damping lateral vibrations of the elevator cage 4 to
improve ride comfort is proposed in, for example, JP
5-310386 A.
[0004] A vibration damping device 12 shown in Fig. 7
fastened to the bottom of the elevator cage 4 includes a
ball screw 14, a drive motor 13 for rotating the ball screw
14 in opposite directions, a movable weight 15 engaged
with the ball screw 14 for movement in opposite directions
along the axis of the ball screw 14, an accelerometer 16
fixed to the elevator cage 4 and a controller 17 for con-
trolling the drive motor 13 on the basis of a signal provided
by the accelerometer 16. Ride comfort can be improved
by counteracting vibrations of the elevator cage 4 by in-
ertial forces produced by forcibly displacing the movable
weight 15.

[0005] The signal provided by the accelerometer 16
included in the foregoing known vibration damping device
12 includes a signal component representing the vibra-
tion of the building caused by wind. Consequently, the
controller 17 inevitably drives the movable weight 15 to
counteract the vibration of the building. However, the fre-
quency of the vibration of a flexible, high-rise building is
as low as 5 Hz or below and the displacement is on the
order of several hundreds millimeters. Therefore, the
movable weight 15 needs to have a very large mass and
the stroke of the movable weight 15 needs to be very
long and, consequently, the size of the vibration damping
device 12 become large. From the viewpoint of aseismic
design, the displacement of the elevator cage 4 relative
to the guide rails 10R and 10L is several millimeters. The
vibration of the building is outside a range with which the
vibration damping device is expected to cope and does
not need to cope with, because the building itself is vi-
brating.
[0006] Vibrations of the elevator cage 4 to be damped
to improve ride comfort are those of low natural frequen-
cies of the vibration insulating members 8 and the vibra-
tion insulating members 3 interposed between the cage
frame 2 and the elevator cage 4. Unnecessary widening
of the frequency range of vibrations to be damped by the
vibration damping device 12 entails the enlargement of
the vibration damping device 12 and the reduction of the
efficiency of damping vibrations of frequencies in a fre-
quency band to be damped.
[0007] If the harmonic vibrations of the drive motor 13
of the vibration damping device 12 is transmitted to the
elevator cage 4, the ride comfort of the elevator cage will
be deteriorated. Moreover, if the movable component,
such as the ball screw 14, is contaminated with foreign
matters, the vibration damping device 12 will be deteri-
orated and unable to operate smoothly, and the damping
effect of the vibration damping device 12 will be reduced.

SUMMARY OF THE INVENTION

[0008] Accordingly, it is an object of the present inven-
tion to solve those problems in the related art and to pro-
vide a vibration damping device capable of efficiently
damping vibrations of an elevator cage to improve the
ride comfort of the elevator cage for an elevator.
[0009] To this end, a vibration damping device in a first
aspect of the present invention for an elevator including
an elevator cage, a cage frame supporting the elevator
cage, guide means combined with the cage frame to
guide the cage frame in cooperation with guide rails in-
stalled in an elevator shaft and first vibration insulating
means interposed between the guide means and the
cage frame, combined with the elevator cage to damp
the vibration of the elevator cage includes: a movable
weight movably supported on the elevator cage; a driving
means for displacing the movable weight; a vibration
measuring means for measuring the vibration of the el-
evator cage; filtering means capable of transmitting sig-
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nals representing vibrations of frequencies in a frequency
band including the low natural frequency of the first vi-
bration insulating means included in a signal provided by
the vibration measuring means; and a control means for
controlling the operation of the driving means on the basis
of the signals transmitted by the filtering means. A com-
bination of a low-pass filter and a high-pass filter may be
used as the filtering means.
[0010] That is, the vibration damping device in the first
aspect of the present invention for an elevator uses the
filtering means for transmitting only the signals repre-
senting vibrations of frequencies in the frequency band
including the low natural frequency of the first vibration
insulating means included in a signal provided by the
vibration measuring means, such as an accelerometer
or, in other words, this vibration damping device uses the
filtering means for reducing the gains of vibrations of fre-
quencies outside the frequency band including the low
natural frequency of the first vibration insulating means.
Thus, the effect of the movable weight and the driving
means can be concentratedly used for damping the vi-
bration of the cage frame relative to the guide rails caused
by the vibration of a low natural frequency of the first
vibration insulating means. Therefore, the damping abil-
ity of the movable weight and the driving means can be
limited to build the vibration damping device in small,
lightweight construction. Consequently, elevator cage
has a smaller total mass and power necessary for driving
the driving means can be reduced.
[0011] A vibration damping device in a second aspect
of the present invention for an elevator including an ele-
vator cage, a cage frame supporting the elevator cage
and a second vibration insulating means interposed be-
tween the elevator cage and the cage frame, combined
with the elevator cage to damp the vibration of the ele-
vator cage, said vibration damping device includes: a
movable weight movably supported on the elevator cage;
a driving means for displacing the movable weight; a vi-
bration measuring means for measuring the vibration of
the elevator cage; a filtering means capable of transmit-
ting signals representing vibrations of frequencies in a
frequency band including the low natural frequency of
the second vibration insulating means included in a signal
provided by the vibration measuring means; and a control
means for controlling the operation of the driving means
on the basis of the signals transmitted by the filtering
means. The filtering means may include, in combination,
a low-pass filter and a high-pass filter.
[0012] That is, the vibration damping device in the sec-
ond aspect of the present invention for an elevator uses
the filtering means for transmitting only the signals rep-
resenting vibrations of frequencies in the frequency band
including the low natural frequency of the second vibra-
tion insulating means included in a signal provided by
the vibration measuring means, such as an accelerom-
eter or, in other words, this vibration damping device uses
the filtering means for reducing the gains of vibrations of
frequencies outside the frequency band including the low

natural frequency of the second vibration insulating
means. Thus the effect of the movable weight and the
driving means can be concentratedly used for damping
the vibration of the cage frame relative to the cage frame
caused by the vibration of a low natural frequency of the
second vibration insulating means. Therefore, the damp-
ing ability of the movable weight and the driving means
can be limited to build the vibration damping device in
small, lightweight construction. Consequently, elevator
cage has a smaller mass and power necessary for driving
the driving means can be reduced.
[0013] A vibration damping device in a third aspect of
the present invention combined with an elevator cage to
damp the vibration of the elevator cage includes: a mov-
able weight movably supported on the elevator cage; a
driving means for displacing the movable weight; a vi-
bration measuring means for measuring the vibration of
the elevator cage; a filtering means capable of attenuat-
ing a signal representing the vibration of low natural fre-
quency of a building in which the elevator is installed
included in a signal provided by the vibration measuring
means; and a control means for controlling the operation
of the driving means on the basis of signals transmitted
by the filtering means. The filtering means may include
a notch filter or in combination, a low-pass filter and a
high-pass filter.
[0014] The vibration damping device in the third aspect
of the present invention for an elevator uses the filtering
means for attenuating a signal representing the vibration
of low natural frequency of a building in which the elevator
is installed included in a signal provided by the vibration
measuring means or, in other words, this vibration damp-
ing device uses the filtering means for reducing the gains
of vibrations of low natural frequencies of the building.
Thus the driving means does not need to operate for
damping the component vibration of the low natural fre-
quency of the building included in the vibration of the
elevator cage, the stroke of the movable weight may be
short and the movable weight may have a small weight.
Therefore, the vibration damping device can be formed
in small construction and power necessary for driving the
driving means can be reduced.
[0015] In each of the vibration damping devices in the
first to the third aspect of the present invention, at least
the movable weight and the driving means may be held
on the elevator cage via a third vibration insulating
means. Thus the propagations of high-frequency vibra-
tions generated by the driving means and such to the
elevator cage can be prevented and noise in the elevator
cage can be reduced to improve ride comfort.
[0016] Each of the vibration damping devices in the
first to the third aspect of the present invention may fur-
ther include an enclosing means detachably attached to
the elevator cage to enclose at least the movable weight
and the driving means. Thus precision moving parts in-
cluded in the driving means can be prevented from con-
tamination with dust and propagation of high-frequency
vibrations generated by the driving means and such
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through air can be prevented. To inspect the vibration
damping device, only the enclosing means needs to be
removed and the heavy vibration damping device does
not need to be removed from the elevator cage, which
simplifies maintenance work.
[0017] Each of the vibration damping devices in the
first to the third aspect of the present invention may fur-
ther include a frequency analyzing arithmetic unit capa-
ble of processing the frequencies of the signal provided
by the vibration measuring means by a frequency anal-
ysis process and of calculating the low natural frequency
of the building in which the elevator is installed, and a
display for displaying the low natural frequency of the
building calculated by the frequency analyzing arithmetic
unit. Thus the natural frequency of the building can be
known by directly giving the signal provided by the vibra-
tion measuring means to the control means without pass-
ing the signal through the filtering means and processing
the signal by the frequency analyzing arithmetic unit and
displaying the calculated frequency by the display.
Therefore, an additional measuring means for determin-
ing the natural frequency of the building is not necessary.
Since the natural frequency of the building can be directly
known, the control means can be adjusted for an optimum
operation and vibration damping can be satisfactorily
achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a side elevation of an elevator equipped with
a vibration damping device according to the present
invention.
Fig. 2 is an enlarged side elevation of the vibration
damping device shown in Fig. 1.
Fig. 3 is a block diagram of assistance in explaining
the operation of a controller shown in Fig. 2.
Fig. 4 is a gain diagram showing the characteristic
of filters.
Figs. 5(a) and 5(b) are a front elevation and a side
elevation, respectively, of a cover included in the vi-
bration damping device.
Fig. 6 is a block diagram of assistance in explaining
the operation of the controller.
Fig. 7 is a side elevation of an elevator equipped with
a known vibration damping device.

DESCRIPTION OF THE PREFERRED EMBODIENTS

[0019] Vibration damping devices embodying the
present invention will be described with reference to Figs.
1 to 6. In the following description, the same parts are
denoted by the same reference characters and the du-
plicate description of those parts will be omitted.
[0020] The construction of an elevator to which a vi-
bration damping device in a first embodiment according
to the present invention is applied will be described with

reference to Fig. 1.
[0021] A cage assembly 1 has an elevator cage 4 sup-
ported on a cage frame 2 via vibration insulating mem-
bers (second vibration insulating members) 3. A main
rope 5 suspended from a hoist, not shown, is connected
to the cage frame 3 via a vibration insulating member 6
to move the cage assembly 1 vertically in an elevator
shaft 7. Guide rollers 9 are supported on the four corners
of the cage frame 2 via vibration insulating members (first
vibration insulating members) 8. The guide rollers 9 roll
on a right guide rail 10R and a left guide rail 10L attached
vertically to walls 7a defining the elevator shaft 7 to guide
the cage assembly 1 for vertical movement. A vibration
damping device 20 is disposed in a bottom part of the
elevator cage 4 to improve ride comfort by attenuating
the lateral vibration of the elevator cage 4.
[0022] Referring to Fig. 2, the vibration damping device
20 includes stationary members 21 fixed to the bottom
surface of the elevator cage 4, and a frame 23 supported
on vibration insulating members (third vibration insulating
members) 22 mounted on the stationary members 21. A
threaded rod 24 is extended horizontally between vertical
side members 23a and 23b of the frame 23. The threaded
rod 24 is supported rotatably on the vertical side mem-
bers 23a and 23b. A drive motor 25 is mounted on the
right, vertical side wall 23b, as viewed in Fig. 2, and is
operatively connected to the threaded rod 24 to rotate
the threaded rod 24 in opposite directions. A threaded
movable weight 26 is engaged with the threaded rod 24.
The threaded rod 24 is rotated to move the movable
weight 24 in horizontal directions as viewed in Fig. 2. An
accelerometer (vibration measuring means) 27 is in-
stalled in the elevator cage 4. The accelerometer 27
measures the vibration of the elevator cage 4 and gives
a signal to a controller 28.
[0023] The controller 28 processes an acceleration
signal 31 received from the accelerometer 27 via a low-
pass filter 32, a high-pass filter 33, a notch filter 34, an
integrator 35 and an amplifier 36 as shown typically in
Fig. 3. The processed acceleration signal is given to an
adder 37. A weight position signal process unit 39 proc-
esses a weight position signal 38 provided by a weight
position sensor, not shown, and gives the processed
weight position signal to the adder 37. Then, the adder
37 gives a movable weight thrust command signal to the
drive motor 25. Although the filters (filtering means) are
connected in series in Fig. 3, filters of different types may
be connected in parallel when necessary.
[0024] Fig. 4 is a gain diagram showing the respective
cutoff characteristics 41, 42 and 43 of the low-pass filter,
the high-pass filter and the notch filter. As obvious from
the gain diagram, the gain of a component representing
the low natural frequency of a building in which the ele-
vator is installed included in the signal provided by the
accelerometer 27 is reduced. Gains of frequency bands
other than a frequency band including the low natural
frequencies of the first vibration insulating means 8 and
the second vibration insulating means 3 are reduced.
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[0025] The acceleration signal 31 filtered by the notch
filter 34 of the vibration damping device 20 in this em-
bodiment does not contain a component corresponding
to the low natural frequency of the building in which the
elevator is installed. Thus the controller 28 does not need
to control the drive motor 25 so as to damp the component
corresponding to the low natural frequency of the building
included in the vibration of the elevator cage 4. Therefore,
the stroke of the movable weight 26 may be short, the
vibration damping device 20 can be formed in a small
size and power necessary for driving the drive motor 25
can be reduced.
[0026] The acceleration signal 31 filtered by the low-
pass filter 32 and the high-pass filter 33 of the vibration
damping device 20 in this embodiment mainly contain a
component corresponding to the frequency of vibration
attributable to the vibration isolating members (first vi-
bration isolating members) 8 interposed between the
guide rails 10R and 10L and the cage frame 2 and a
component corresponding to the frequency of the vibra-
tion of the cage frame 2 attributable to the natural fre-
quency of the vibration insulating members (second vi-
bration insulating members) 3. The movable weight 26
and the drive motor 25 can be concentratedly used for
damping the vibration of the elevator cage 4. Therefore,
the movable weight 26 and the drive motor 25 may be
small and lightweight. Consequently, the mass of the el-
evator cage 4 can be reduced and power necessary for
driving the drive motor 25 can be reduced.
[0027] Fig. 5 shows a case (enclosing means) 50 for
enclosing the vibration damping device 20. The case 50
includes a box-shaped body 51 attached to the bottom
surface of the elevator case 4 and surrounding the vibra-
tion damping device 20, and a lid 52 detachably attached
to the open lower end of the body. The lid 52 is fastened
to the body with bolts 53.
[0028] Thus the contamination of the precision mova-
ble parts included in the threaded rod 24 and the drive
motor 25 with dust and the propagation of high-frequency
vibrations generated by the drive motor 25 and such
through air into the interior of the elevator cage 4 can be
prevented. To inspect the vibration damping device 20,
only the lid 52 needs to be removed and the heavy vi-
bration damping device 20 does not need to be removed
from the elevator cage, which simplifies maintenance
work.
[0029] Fig. 6 shows the function of the vibration damp-
ing device 20. An acceleration signal 61 provided by the
accelerometer 27 attached to the elevator cage 4 is given
directly to a frequency analyzing unit 62 included in the
controller 28 without being filtered by the filters. Then,
the frequency analyzing unit 62 processes the acceler-
ation signal 61 to calculate the natural frequency of the
building in which the elevator is installed and a display
63 displays the natural frequency of the building.
[0030] Thus any other measuring device for determin-
ing the natural frequency of the building is not necessary
and the setting of the controller 28 can be adjusted at

site so that the controller 28 can achieve an optimum
operation according to the natural frequency of the build-
ing. Consequently, a satisfactory vibration damping op-
eration can be achieved.

Claims

1. A vibration damping device for an elevator including
an elevator cage, a cage frame supporting the ele-
vator cage, guide means combined with the cage
frame to guide the cage frame in cooperation with
guide rails installed in an elevator shaft and first vi-
bration insulating means interposed between the
guide means and the cage frame, combined with the
elevator cage to damp the vibration of the elevator
cage, said vibration damping device comprising:

a movable weight movably supported on the el-
evator cage;
a driving means for displacing the movable
weight;
a vibration measuring means for measuring the
vibration of the elevator cage;
filtering means capable of transmitting signals
representing vibrations of frequencies in a fre-
quency band including the low natural frequency
of the first vibration insulating means included
in a signal provided by the vibration measuring
means; and
a control means for controlling the operation of
the driving means on the basis of the signals
transmitted by the filtering means.

2. A vibration damping device for an elevator including
an elevator cage, a cage frame supporting the ele-
vator cage and a second vibration insulating means
interposed between the elevator cage and the cage
frame, combined with the elevator cage to damp the
vibration of the elevator cage, said vibration damping
device comprising:

a movable weight movably supported on the el-
evator cage;
a driving means for displacing the movable
weight;
a vibration measuring means for measuring the
vibration of the elevator cage;
a filtering means capable of transmitting signals
representing vibrations of frequencies in a fre-
quency band including the low natural frequency
of the second vibration insulating means includ-
ed in a signal provided by the vibration measur-
ing means; and
a control means for controlling the operation of
the driving means on the basis of the signals
transmitted by the filtering means.
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3. A vibration damping device combined with an eleva-
tor cage to damp the vibration of the elevator cage,
said vibration damping device comprising:

a movable weight movably supported on the el-
evator cage;
a driving means for displacing the movable
weight;
a vibration measuring means for measuring the
vibration of the elevator cage;
a filtering means capable of attenuating a signal
representing the vibration of low natural fre-
quency of a building in which the elevator is in-
stalled included in a signal provided by the vi-
bration measuring means; and
a control means for controlling the operation of
the driving means on the basis of signals trans-
mitted by the filtering means.

4. The vibration damping device according to any one
of claims 1 to 3, wherein at least the movable weight
and the driving means are held on the elevator cage
by a third vibration insulating means.

5. The vibration damping device according to any one
of claims 1 to 3 further comprising an enclosing
means detachably attached to the elevator cage to
enclose at least the movable weight and the driving
means.

6. The vibration damping device according to any one
of claims 1 to 3 further comprising:

a frequency analyzing arithmetic unit capable of
processing a signal provided by the vibration
measuring means by a frequency analysis proc-
ess and of calculating the low natural frequency
of the building in which the elevator is installed;
and
a display for displaying the low natural frequency
of the building calculated by the frequency an-
alyzing arithmetic unit.
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