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(54) CONTROL DEVICE FOR ELEVATOR

(57) The missing traction of sheaves is prevented in
an elevator including a plurality of sheaves and motors
for driving the respective sheaves.

An elevator control device includes a main cable link-
ing a cage with a balance weight, a plurality of sheaves
around which the main cable is wound, a plurality of mo-
tors driving the respective sheaves, a plurality of velocity
control devices controlling torque of the respective mo-
tors, an error detection device which compares torque
command values of the velocity control devices and out-

puts an error signal based on assumption that missing
traction arises in either of the sheaves in response to the
difference exceeding a predetermined reference value,
wherein, a necessary operation mode is performed in
accordance with the velocity command value to the ve-
locity control devices, and the velocity command value
to the velocity control devices is changed in accordance
with the operation mode at the time when the error de-
tection device outputs the error signal.
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Description
Technical Field

[0001] The present invention relates to an elevator
control device having a plurality of sheaves and motors
for driving the respective sheaves.

Background Art

[0002] A conventional elevator of this kind includes,
for example, as shown in Patent Document 1, a main
cable for linking a cage with a balance weight, a plurality
of sheaves, which the main cable is wound around, a
plurality of motors for respectively driving the sheaves,
and a plurality of velocity control devices for controlling
torques of the motors, respectively, and performs re-
quired operation modes in accordance with velocity com-
mand values to the velocity control devices.

[0003] Patent Document 1: JP-A-55-106971

Disclosure of the Invention
Problems that the Invention is to Solve

[0004] In such an elevator control device, the velocity
of the main cable is usually controlled to be even through
the portions wound around respective sheaves. Howev-
er, if a velocity difference is caused temporarily for some
reasons, the tension between the both sheaves may be
lowered to cause slack in the main cable, which causes
"missing traction" in one of the sheaves to cause the
sheave to make idle rotation, resulting in failure of ele-
vator driving. Note here that "missing traction" denotes
a condition in which the traction between the sheave and
the main cable is reduced, for some reasons, to cause
the main cable to slip and the sheave to make idle rota-
tion.

[0005] The invention has been made for solving the
problem as described above, and has an object of pre-
venting the missing traction of sheaves in an elevator
including a plurality of sheaves and motors for driving the
respective sheaves, thereby enhancing safety of the el-
evator.

Means for Solving the Problem

[0006] An elevator control device according to the in-
vention includes a main cable linking a cage with a bal-
ance weight, a plurality of sheaves around which the main
cableis wound, a plurality of motors driving the respective
sheaves, a plurality of velocity control devices controlling
torque of the respective motors, an error detection device
which compares torque command values of the velocity
control devices and outputs an error signal based on as-
sumption that missing traction arises in either of the
sheaves in response to the difference exceeding a pre-
determined reference value, wherein, a necessary oper-
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ation mode is performed in accordance with the velocity
command value to the velocity control devices, and the
velocity command value to the velocity control devices
is changed in accordance with the operation mode at the
time when the error detection device outputs the error
signal.

Advantage of the Invention

[0007] Accordingtotheinvention,inan elevatorinclud-
ing a plurality of sheaves and motors for driving the re-
spective sheaves, idle rotation of a certain sheave
caused by the missing traction can be detected. And, by
making the elevator run with the lowered acceleration,
constant speed, or deceleration in accordance with the
running condition of the elevator, it becomes possible to
make the elevator recover from the missing traction error
and run, or to stop the elevator quickly before a secondary
malfunction is caused if the elevator cannot recover from
the missing traction error, thus a safer elevator control
device can be provided.

Best Mode for Carrying Out the Invention
Embodiment 1

[0008] Hereinafter, an embodiment 1 of the invention
will be explained with reference to Fig. 1. InFig. 1, a cage
1 and a balance weight 2 are connected to each other
with a main cable 3, which is wound around two sheaves
4a, 4b driven by respective hoisting motors 5a, 5b. When
driving the elevator, a velocity command value for the
elevator cage is provided from a velocity command gen-
erating device 7 to velocity control devices 6a, 6b of the
respective hoisting motors 5a, 5b, and then each of the
velocity control devices 6a, 6b gives the torque command
value to respective one of the hoisting motors 5a, 5b so
as to follow the velocity command value to control its
output torque, and runs the elevator cage 1 by hoisting
the main cable 3 by driving respective one of the sheaves
4a, 4b. An error detection device 8 compares the torque
command values ta and tb with each other, which are
the output signals of the respective velocity control de-
vices 6a, 6b. And, if the difference between the two be-
comes equal to or greater than the reference value, the
error detection device 8 determines the missing traction
error, and outputs an error signal to the velocity command
generating device 7 to cause the velocity command gen-
erating device 7 to change the velocity command value
a and the velocity command value b in accordance with
the operating mode of the elevator at that moment.

[0009] Fig. 2 shows aspecific configuration of the error
detection device 8, and Fig. 3 shows state of the signals
in respective sections at the moment of the error detec-
tion. In Fig. 2, |ta-tb| is calculated by an operation unit
81 from the torque command values 13, tb as the output
signals of respective velocity control devices 6a, 6b and
is input to a comparator 82. In the present embodiment
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1, since the diameters of the both sheaves 4a, 4b are
arranged to be the same, ta=tb is generally satisfied
while the elevator runs normally.

[0010] Here, if the traction of the sheave 4b is missing
(A in Fig. 3), for example, the sheave 4b makes idle ro-
tation to cause the torque command value tb to be low-
ered. In sync therewith, since the motor 5a needs to out-
put the necessary torque, the torque command value ta
rises. Therefore, |ta-tb| becomes to take a certain large
value. Therefore, the comparator 82 compares |ta-tb|
with the predetermined reference value T, and outputs
errorjudgment flag (B in Fig. 3) if the following is satisfied.

| ta-tb|>T

And, a latching circuit 83 is arranged to latch it as the
error signal if the error judgment flag lasts for a certain
period of time t1 (C in Fig. 3). Thus, the missing traction
in the sheave 4b can be detected.

[0011] Note here that, although the certain period of
time t, is provided to avoid false detection, real-time de-
tection canalso be performed with t;=0. Further, although
in the present embodiment, the diameters of the sheaves
4a, 4b are arranged to be the same, if the diameters of
the sheaves 4a, 4b are Da and Db, respectively, different
from each other, it is sufficient that the comparator 82
compares |Da x ta-Db x tb| with the predetermined ref-
erence value T’, and outputs error judgment flag if the
following is satisfied.

| Da x ta-Db x tb [>T

[0012] Fig. 4 is aflowchart for explaining the operation
of the embodiment 1 of the invention. Firstly, whether or
not the elevator is running is judged in the step 100, and
if it is running, whether or not the missing traction error
is detected is judged in the step 200. If the missing traction
is detected, the operation mode is then judged. Whether
or not it is accelerated is first judged in the step 300, if it
is accelerated, it is made run with lowered acceleration
in the step 301. If it is not accelerated, whether or not it
is running with a constant speed is judged next in step
310. If it is running with a constant speed, it is made run
with a lowered speed. If it is not running with a constant
speed, it must be decelerated. Therefore, whether or not
the enough distance for deceleration remains is judged
in the step 320, and if the enough distance for deceler-
ation remains, it is made run with lowered deceleration
in the step 321. If the enough distance for deceleration
does not remain, the elevator is stopped quickly in the
step 700.

[0013] The acceleration, the constant speed, or the de-
celeration is lowered (slowdown) in the steps 301, 311,
or 321, respectively, and then whether or not a constant
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time period t, has elapsed is judged in the step 400, and
after the constant time period of t, has elapsed, whether
or not the following is satisfied is judged in the step 500.

jta-tb|>T

If the following is satisfied, it is assumed that it is recov-
ered from the missing traction error in the step 600, and
running is continued.

| ta-tb|<T

If the following condition is sill maintained, it is judged
thatit cannot be recovered from the missing traction error,
and elevator is stopped quickly in the step 700.

| ta—-tb|>T

[0014] Thus, if the missing traction error occurs, it is
possible to make the elevator be recovered from the
missing traction error by making it run with the lowered
acceleration, constant speed, or deceleration, thereby
running the elevator safely. Further, by stopping the el-
evator quickly in the case in which it cannot be recovered
from the missing traction error, a secondary malfunction
of the elevator can be prevented from being caused.
[0015] Note that the invention is not limited to the case
with two sheave and motor sets, but can similarly be ap-
plied to the case with three or more sheave and motor
sets.

Brief Description of the Drawings
[0016]

[Fig. 1]

Fig. 1 is an explanatory block diagram showing an
elevator control device according to an embodiment
1 of the invention.

[Fig. 2]

Fig. 2 is a block diagram showing an error detection
device in the embodiment 1.

[Fig. 3]

Fig. 3 is a chart showing state of the signals for ex-
plaining the operation of the error detection device
in the embodiment 1.

[Fig. 4]

Fig. 4 is a flowchart for explaining the operation of
the embodiment 1.
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Description of Reference Numerals and Signs
[0017]

1: cage

2: balance weight

3: main cable

4a: sheave

4b: sheave

5a: motor

5b: motor

6a: velocity control device
6b: velocity control device
7: velocity command generating device
8: error detection device

Claims

1. An elevator control device comprising:

a main cable linking a cage with a balance

weight;

a plurality of sheaves around which the main

cable is wound;

a plurality of motors driving the respective

sheaves;

a plurality of velocity control devices controlling

torque of the respective motors; and

an error detection device which compares
torque command values of the velocity control
devices and outputs an error signal based on
assumption that missing traction arises in either
of the sheaves in response to the difference ex-

ceeding a predetermined reference value,

wherein, a necessary operation mode is per-
formed in accordance with the velocity com-
mand value to the velocity control devices, and
the velocity command value to the velocity con-
trol devices is changed in accordance with the
operation mode in response to the error detec-

tion device outputting the error signal.

2. The elevator control device according to Claim 1,
wherein the plurality of sheaves is composed of first
and second sheaves respectively having diameters
Da, Db different from each other, and the error de-
tection device output the error signal based on the

following formula.

| Da x ta-Db x b [>T'

where, 1a: a torque command value from the velocity
control device for the motor driving the first sheave,
tb: a torque command value from the velocity control

device for the motor driving the second sheave,
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T’: a predetermined reference value.

The elevator control device according to one of
Claims 1 and 2, wherein, the elevator is stopped
quickly in response to the error detection device out-
putting the error signal.

The elevator control device according to one of
Claims 1 and 2, wherein, the elevator is running with
a constant speed, and the speed of the elevator is
lowered in response to the error detection device
outputting the error signal.

The elevator control device according to one of
Claims 1 and 2, wherein, the elevator is one of ac-
celerated and decelerated, and one of the acceler-
ation and the deceleration of the elevator is lowered
in response to the error detection device outputting
the error signal.

The elevator control device according to one of
Claims 4 and 5, wherein, the torque command values
of the velocity control devices are compared after
lowering one of the speed, the acceleration, and the
deceleration of the elevator, and the elevator is
stopped quickly in response to the difference remain-
ing higher than the reference value.

A method of controlling an elevator comprising:

providing a main cable linking a cage with a bal-
ance weight;

providing a plurality of sheaves around which
the main cable is wound;

providing a plurality of motors driving the respec-
tive sheaves;

providing a plurality of velocity control devices
controlling torque of the respective motors;
performing a necessary operation mode in ac-
cordance with the velocity command value to
the velocity control devices;

comparing the torque command values of the
velocity control devices; and

changing the velocity command value to the ve-
locity control devices to perform one of stopping
the elevator quickly, lowering the speed of the
elevator, lowering the acceleration of the eleva-
tor, and lowering the deceleration of the elevator
in accordance with the operation mode in re-
sponse to the difference exceeding a predeter-
mined value.
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FIG. 4
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