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(54) ELEVATOR DEVICE

(57) Provided is an elevator device using magnetic-
pole position estimating control, which is capable of re-
alizing high landing accuracy even in a stopped state and
in a super-low speed operation state. The elevator device
using a magnetic-pole position estimating method, for
estimating a magnetic-pole position by using an induced
voltage generated by rotation of a motor of a hoisting
machine (11) to perform running control on a car driven
by the rotation of the hoisting machine, includes: a de-
tector (32) provided outside the hoisting machine, for de-

tecting a position or a speed of the car; and a control
section (20) for determining whether or not the car is in
a switched running state according to a running speed
of the car or a current position of the moving car, for
performing the running control on the car by using the
magnetic-pole position estimating control method when
it is determined that the car is not in the switched running
state, and for performing the running control on the car
based on results of detection by the detector when it is
determined that the car is in the switched running state.
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Description

Technical Field

[0001] The present invention relates to an elevator de-
vice including a hoisting machine having a simple struc-
ture, which has improved landing accuracy.

Background Art

[0002] There exists an elevator device capable of con-
trolling an electric motor and a braking mechanism to
stably drive a sheave so as to perform a rescue operation
even while a hoisting machine is being driven at a low
speed (for example, Patent Literature 1). According to
the conventional technology described in Patent Litera-
ture 1, when a failure occurs in an encoder, magnetic-
pole position estimating control is performed so as to
rescue a passenger(s).

Citation List

Patent Literature

[0003] Patent Literature 1: JP 2008-230797 A

Summary of Invention

Technical Problem

[0004] However, the conventional technology has the
following problem.
The conventional elevator device described in Patent Lit-
erature 1 has improved accuracy for a low speed by using
a magnetic-pole position estimation method. However,
in a stopped state or in a super-low speed operation state,
an elevator device with high landing accuracy cannot be
obtained only by the magnetic-pole position estimating
method because the number of magnetic poles is limited.
[0005] The present invention has been made to solve
the problem described above, and has an object to pro-
vide an elevator device using magnetic-pole position es-
timating control, which is capable of realizing high landing
accuracy even in a stopped state and in a super-low
speed operation state.

Solution to Problem

[0006] According to the present invention, there is pro-
vided an elevator device using a magnetic-pole position
estimating method, for estimating a magnetic-pole posi-
tion by using an induced voltage generated by rotation
of a motor of a hoisting machine to perform running con-
trol on a car driven by the rotation of the hoisting machine,
the elevator device including: a detector provided outside
the hoisting machine, for detecting a position or a speed
of the car; and a control section for determining whether
or not the car is in a switched running state according to

a running speed of the car or a current position of the
moving car, for performing the running control on the car
by using the magnetic-pole position estimating control
method when it is determined that the car is not in the
switched running state, and for performing the running
control on the car based on results of detection by the
detector when it is determined that the car is in the
switched running state.

Advantageous Effects of Invention

[0007] The elevator device according to the present
invention includes the control section capable of perform-
ing switching between the running control using the mag-
netic-pole position estimating control method and the
running control performed based on the results of the
detection by the detector provided outside the hoisting
machine according to the running speed of the car or the
current position of the moving car. As a result, the ele-
vator device using the magnetic-pole position estimating
control, which is capable of realizing high landing accu-
racy even in a stopped state and in a super-low speed
operation state, can be obtained.

Brief Description of Drawings

[0008]

[FIG. 1] A general view of an elevator device accord-
ing to Embodiment 1 of the present invention.
[FIG. 2] A conceptual diagram illustrating a perma-
nent-magnet type synchronous motor using magne-
fiic-pole position estimating control according to Em-
bodiment 1 of the present invention.
[FIG. 3] A conceptual diagram illustrating an induc-
tion-type rope tester used for the elevator device ac-
cording to Embodiment 1 of the present invention.
[FIGS. 4] Explanatory views of a method of control-
ling the elevator device according to Embodiment 1
of the present invention.
[FIG. 5] A diagram illustrating another example of
installation of the rope tester according to Embodi-
ment 1 of the present invention.
[FIG. 6] An explanatory view illustrating control
switching timing of the elevator device according to
Embodiment 1 of the present invention.

Description of Embodiment

[0009] Hereinafter, an elevator device according to a
preferred embodiment of the present invention is de-
scribed with reference to the drawings.

Embodiment 1

[0010] FIG. 1 is a general view of an elevator device
according to Embodiment 1 of the present invention. The
elevator device of Embodiment 1 includes a driving
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mechanism section 10 for driving a car of an elevator to
raise and lower the car, a control section 20 for controlling
the raising and lowering of the car, and a state detecting
section 30 for generating a detection signal necessary
for the control of the raising and lowering, which is per-
formed by the control section 20.
[0011] The driving mechanism section 10 includes a
hoisting machine 11, a car 12, a counterweight 13, a rope
14, a deflector sheave 15, and a governor 16. A motor
of the hoisting machine 11 is a permanent-magnet type
synchronous motor. Although the details are not illustrat-
ed, the hoisting machine 11 includes an electric motor,
a sheave, a brake housing, and the like. A rope 14 having
one end connected to the car 12 and the other end con-
nected to the counterweight 13 is looped around the
sheave. The deflector sheave 15 is located in the middle
of a path of the rope 14 as needed. By driving the sheave
by the electric motor, the car 12 performs a rising/falling
operation. A brake applies a braking force to the sheave
to stop the car 12 and releases the braking force to place
the car 12 in a free state.
[0012] The state detecting section 30 includes an en-
coder 31 and a rope tester 32, each being for measuring
a speed or a position of the car 12, a door-position de-
tecting section 33 (not shown) for detecting a landing
position of the car 12, and landing plates 34.
[0013] The encoder 31 is provided to the governor 16.
The rope tester 32 can be provided in the middle of a
hoistway as illustrated in FIG. 1 or can be provided to a
sheave portion of the hoisting machine 11 as described
below referring to FIG. 5. Although both the encoder 31
and the rope tester 32 are illustrated in FIG. 1 as detectors
for measuring the speed or the position of the car 12
when running control using a magnetic-pole position es-
timating control method is not performed, the use of any
one thereof is sufficient. Alternatively, another/other de-
tector(s) can be used.
[0014] The door-position detecting section 33 (not
shown) is provided to a side surface of the car 12. On
the other hand, each of the landing plates 34 is provided
at a position in the hoistway, which corresponds to a land-
ing of each floor. The door-position detecting section 33
detects any one of the landing plates 34 along with the
raising and lowering of the car 12. As a result, whether
or not the car 12 is present at a position at which a door
can be opened/closed, which corresponds to the landing
of each floor, can be detected.
[0015] The control section 20 performs running control
on the car 12 based on a detection signal from the state
detecting section 30. More specifically, the "magnetic-
pole position estimating control" described in Patent Lit-
erature 1 cited as the conventional technology is used
for the elevator according to Embodiment 1. The running
control by the "magnetic-pole position estimating control,
uses an induced voltage, which is generated when the
motor of the hoisting machine 11 rotates, to estimate a
magnetic-pole position so as to control the rotation of the
hoisting machine 11.

[0016] Next, the schema of the "magnetic-pole position
estimating control" described in Patent Literature 1 is de-
scribed. FIG. 2 is a conceptual diagram of the permanent-
magnet type synchronous motor using the magnetic-pole
position estimating control, according to Embodiment 1
of the present invention. There is provided a configuration
which enables the running control without independently
providing a magnetic-pole position detecting such as the
encoder 31 by loading the induced voltage which can be
detected at the time of driving into the control section 20.
[0017] As illustrated in FIG. 2, however, the induced
voltage drops when the speed is lowered. Therefore, in
a super-low speed operation state, it becomes difficult to
detect the magnetic-pole position. Further, the number
of magnetic poles of the synchronous motor is smaller
than that of the encoder 31, and is therefore limited.
Hence, the use of the magnetic-pole position estimating
control lowers accuracy and reliability in some cases as
compared with those obtained by using the encoder 31
even when improvement is achieved in terms of control.
Therefore, even when the magnetic-pole position esti-
mating control is used, full elimination of use of the en-
coder is difficult in practice.
[0018] Therefore, in the present invention, another
running control using the detection section for detecting
the speed or the position of the car is additionally used
in a state in which the accuracy or the reliability obtained
by the magnetic-pole position estimating control method
becomes an issue in the elevator device employing the
magnetic-pole position estimating control. In this man-
ner, the running control with improved accuracy and re-
liability is realized. As an example of the detection sec-
tion, the case where the rope tester 32 is used is first
described below. As the rope tester 32, an induction-type
rope tester, which is currently frequently used, is used.
[0019] FIG. 3 is a conceptual diagram of the induction-
type rope tester used for the elevator device according
to Embodiment 1 of the present invention. An induced
voltage detected by the induction-type rope tester 32 il-
lustrated in FIG. 3 has a peak when one of strands of a
rope partially breaks. Therefore, by monitoring the case
where the detected voltage becomes equal to or higher
than a predetermined value, wire breaking can be de-
tected.
[0020] In general, for the inspection of the rope, the
rope tester 32 is mounted to a rope portion by a mainte-
nance personnel at maintenance time to monitor the de-
tected voltage so as to confirm whether or not the rope
is normal. Normally, a sensitivity of the rope tester 32 is
set so that the wire breaking can be clearly detected
based on the detected voltage during a running operation
performed at an inspection speed A shown in the lower
right graph of FIG. 3.
[0021] Although the wire breaking can be clearly de-
tected at the sensitivity suitable for the inspection speed
A during the running operation, attention is not focused
on the detection of each of peaks formed by the strands
of the rope. The inspection speed A used in this case
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corresponds to, for example, a normal running speed.
Specifically, a pitch of each of the strands of the rope is
extremely small, that is, in millimeter. Therefore, as the
detected voltage at the sensitivity suitable for the inspec-
tion speed A, signals for peaks and valleys formed by
the strands are measured as noise. Therefore, the de-
tected voltage is not suitable for the detection of the po-
sition.
[0022] On the other hand, with the detected voltage in
the super-low speed operation, the extremely small pitch
of the strand is more visible. Therefore, during the super-
low speed operation, the sensitivity is switched to a sen-
sitivity suitable for the detection of each of the peaks
formed by the strands of the rope without focusing atten-
tion on the wire breaking. In this manner, the peaks and
valleys of the strands can be detected, as illustrated in
the lower left graph of FIG. 3.
[0023] It is considered to switch the sensitivity of the
rope tester 32 according to the running speed by using
the above-mentioned characteristics. FIGS. 4(a) and 4
(b) are explanatory views of a method of controlling the
elevator device according to Embodiment 1 of the
present invention. FIG. 4(a) corresponds to the normal
running operation, whereas FIG. 4(b) corresponds to the
low speed/super-low speed running operation.
[0024] As illustrated in FIG. 4(a), during the normal run-
ning operation (in the case of a high speed), the elevator
control is performed by using the magnetic-pole position
estimating control. In addition, the rope tester 32 con-
stantly performs monitoring for an abnormality of the rope
at the sensitivity for the detection of the wire breaking
(sensitivity for high speed). The monitoring of the rope
may be omitted.
[0025] On the other hand, as illustrated in FIG. 4(b),
when the speed of the elevator is low or super low, the
sensitivity of the rope tester 32 is switched to the sensi-
tivity for low speed, at which the peaks and valleys formed
by the strands are more visible and there is no fear of
erroneous detection of the wire breaking. At this time,
the running control on the elevator is switched from the
magnetic-pole position estimating control to the control
using the signal of the rope tester 32.
[0026] The detection method used by the rope tester
32 may also be an optical one. When an optical method
is used, the peaks and valleys formed by the strands are
identified by the positions. Therefore, the peaks and val-
leys can be detected more precisely as the speed be-
comes lower. As a result, the accuracy of the position
control using the signal of the rope tester 32 can be en-
hanced. Besides the optical method, other methods may
be used as long as the shape of the strand can be de-
tected. Further, in the case where the wire breaking can
be detected at a single sensitivity by single signal
processing at a speed varying from low to high and the
strand can be detected, it is not necessary to switch the
sensitivity.
[0027] In FIG. 1, the case where the rope tester 32 is
provided in the middle of the hoistway is exemplified.

However, the location at which the rope tester 32 is pro-
vided is not limited thereto. FIG. 5 is a view illustrating
another example of the installation of the rope tester ac-
cording to Embodiment 1 of the present invention. As
illustrated in FIG. 5, the rope tester 32 may be provided
to the sheave portion of the hoisting machine 11. In this
case, a configuration in which the rope tester 32 is nearly
integrated with the hoisting machine 11 can be obtained.
As a result, a space can be reduced. In addition, the rope
tester 32 can be used in place of a rope retainer.
[0028] Next, timing of switching between the case
where the running control is performed using the mag-
netic-pole position estimating control as illustrated in FIG.
4(a) and the case where the running control is performed
using the rope tester signal as illustrated in FIG. 4(b) is
described. FIG. 6 is an explanatory view illustrating the
control switching timing for the elevator device according
to Embodiment 1 of the present invention.
[0029] As first switching timing, a point at which the
speed is switched to the super-low speed immediately
before landing is considered. Specifically, a zone in which
the speed is equal to or lower than the super-low speed
immediately before landing corresponds to a "switched
running state" in which the running control using the sig-
nal of the detection section is performed. In the case
where the switching control described above is per-
formed, a speed zone in which the signal of the rope
tester 32 is used for the running control is limited to a
zone in which the speed is equal to or lower than the
super-low speed. Therefore, the sensitivity of the rope
tester 32 can be easily set optimally as two sensitivities,
that is, a first detection sensitivity suitable for the detec-
tion of the wire breaking of the rope in the case where
the speed exceeds the super-low speed and a second
detection sensitivity suitable for the detection of the pitch
of the strand in the case where the speed is equal to or
lower than the super-low speed. As a result, a high-quality
signal can be obtained from the rope tester 32.
[0030] On the other hand, as second switching timing,
a point at which the speed control is switched to the po-
sition control as a result of the movement of the elevator
toward the landing is considered. Specifically, a zone in
which the position control is performed corresponds to a
"switched running state" in which the running control us-
ing the signal of the detection signal is performed. In the
case where the switching control described above is per-
formed, the magnetic-pole position estimating control is
used only for the speed control, whereas the running con-
trol using the signal of the rope tester 32 is used only for
the position control. As a result, a control system is sim-
plified to obtain an easily realizable control configuration.
[0031] In the case where the switching control is per-
formed at the second switching timing, the sensitivity of
the rope tester 32 are set optimally as two sensitivities,
that is, a first detection sensitivity suitable for the detec-
tion of the wire breaking of the rope at the time when the
speed control is performed and a second detection speed
suitable for the detection of the pitch of the strand at the
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time when the position control is performed.
[0032] The case where the rope tester 32 is used is
described above as an example of the detection section
for detecting the speed or the position of the car in the
control zone in which the accuracy or reliability obtained
by the magnetic-pole position estimating control is insuf-
ficient in the elevator device using the magnetic-pole po-
sition estimating control. On the other hand, when the
encoder 31 is used as the detection section, the rope
tester 32 is not required although the wire breaking can-
not be detected. Therefore, the space can be reduced.
In addition, cost can be reduced as compared with the
case where the rope tester 32 is used. The encoder de-
scribed above can be provided to the governor 6 or can
be provided to the outer side of the hoisting machine 11
as a contact type one.
[0033] In Embodiment 1 described above, the case
where the control is switched from the running control
using the magnetic-pole position estimating control
method to the running control performed based on the
results of detection by the detector in the predetermined
switched running state has been described. Even during
the execution of the running control using one of the
methods, however, the speed or the position can be de-
tected by the other method. Therefore, during the exe-
cution of the control using any of the methods, the control
section 20 constantly monitors a difference between the
results of detection (difference in detected speed or dif-
ference in detected position) respectively obtained by the
control methods. When the difference becomes equal to
or larger than a predetermined allowable difference, the
occurrence of a control abnormality can be determined.
[0034] As described above, according to Embodiment
1, the control section for determining whether or not the
car is in the switched running state according to the run-
ning speed of the car or the current position of the moving
car to perform switching between the running control us-
ing the magnetic-pole position estimating control method
and the sunning control performed based on the results
of detection by the detector provided outside the hoisting
machine is provided. In the super-low speed operation
state or the like in which high landing accuracy cannot
be obtained only by the naagnetic-pole position estimat-
ing method, the control is switched to the running control
using the detector. As a result, high landing accuracy can
be obtained. Accordingly, the elevator device using the
magnetic-pole position estimating control, which is ca-
pable of realizing high landing accuracy even in the su-
per-low speed operation state or the like, can be realized.

Reference Signs List

[0035] 10 driving mechanism section, 11 hoisting ma-
chine, 12 car, 13 counterweight, 14 rope, 15 deflector
sheave, 16 governor, 20 control section, 30 state detect-
ing section, 31 encoder, 32 rope tester, 33 door-position
detecting section, 34 landing plate

Claims

1. An elevator device using a magnetic-pole position
estimating method, for estimating a magnetic-pole
position by using an induced voltage generated by
rotation of a motor of a hoisting machine to perform
running control on a car driven by the rotation of the
hoisting machine, the elevator device comprising:

a detector provided outside the hoisting ma-
chine, for detecting a position or a speed of the
car; and
a control section for determining whether or not
the car is in a switched running state according
to a running speed of the car or a current position
of the moving car, for performing the running
control on the car by using the magnetic-pole
position estimating control method when it is de-
termined that the car is not in the switched run-
ning state, and for performing the running control
on the car based on results of detection by the
detector when it is determined that the car is in
the switched running state.

2. An elevator device according to claim 1, wherein the
control section compares a detected position and a
detected speed used for the running control using
the magnetic-pole position estimating control meth-
od and a detected position and a detected speed
used for the running control performed based on the
results of the detection by the detector with each
other regardless of an employed control method, and
detects a control abnormality when a difference in
detected position and a difference in detected speed
exceed a predetermined allowable position differ-
ence and a predetermined allowable speed differ-
ence, respectively.

3. An elevator device according to claim 1 or 2, wherein
the control section determines that the car is not in
the switched running state to perform the running
control using the magnetic-pole position estimating
method when the running control on the car is in a
speed control state and determines that the car is in
the switched running state to perform the running
control performed based on the results of the detec-
tion by the detector when the running control on the
car is in a position control state.

4. An elevator device according to claim 1 or 2, wherein
the control section determines that the car is not in
the switched running state to perform the running
control using the magnetic-pole position estimating
control method when the running speed of the car
exceeds a predetermined super-low speed and de-
termines that the car is in the switched running state
to perform the running control based on the results
of the detection by the detector when the running
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speed of the car is equal to or lower than the prede-
termined super-low speed.

5. An elevator device according to any one of claims 1
to 4, wherein the detector comprises a detector for
detecting a strand of a rope.

6. An elevator device according to claim 5, wherein:

the detector has a function of individually setting
a first detection sensitivity suitable for detection
of wire breaking of the rope and a second de-
tection sensitivity suitable for detection of a pitch
of the strand; and
the control section detects the wire breaking of
the rope based on the first detection sensitivity
when the running control using the magnetic-
pole position estimating control method is per-
formed and performs the running control based
on the second detection sensitivity when the run-
ning control based on the results of the detection
by the detector is performed.

7. An elevator device according to any one of claims 1
to 4, wherein the detector comprises an encoder pro-
vided to a governor.
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