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(54) ELEVATOR DEVICE

(67)  There is provided an elevator device in which
the braking capability of a braking device can be meas-
ured while the car is being stopped. For this purpose, the
elevator device comprising a driving device for driving
the up-and-down movement of a car and a counter-
weight; a main rope that is wound on a sheave of the
driving device and hangs the car and counterweight; the
braking device for braking the sheave; and a control de-
vice for controlling these devices is characterized in that
the elevator device includes an encoder for detecting the
number of rotation of the sheave; and a brake that is
provided in the braking device and has a brake coil that
attracts a shoe when being supplied with electric current,
and the control device carries out control to change over
the operation mode; stops the car by means of the brak-
ing device in the state in which the weight is unbalanced
between the car side and the counterweight side when
the operation mode of elevator is a braking capability
checking operation mode; controls the attraction current
supplied to the brake coil to gradually release the brake
of the braking device; measures the braking capability of
the braking device based on the value of attraction cur-
rent at the time of the start of car movement that is de-
tected via the encoder; and judges that the braking ca-
pability of the braking device is abnormal if the braking
capability deviates from a predetermined standard.
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Description

Technical Field

[0001] The presentinvention relates to an elevator de-
vice.
Background Art

[0002] As a general traction type elevator device, an
elevator device, for example, shown in Figure 6 has con-
ventionally been known.

In Figure 6, reference sign 1 denotes a car disposed in
a shaft, not shown, of an elevator so as to be movable
up and down, 2 denotes a counterweight thatis disposed
in the shaft so as to be movable up and down, and moves
in the direction reverse to the direction of the car 1, 3
denotes a driving device that is disposed in a top portion
or the like of the shaft, and consists of a traction machine
for driving the up-and-down movement of the car 1 and
the counterweight 2, 4 denotes a main rope one end of
which is connected to the upper portion of the car 1, the
intermediate portions of which are wound on a sheave 5
of the driving device 3 and a deflector sheave 6, and the
other end of which is connected to the upper portion of
the counterweight 2, thereby hanging the car 1 and the
counterweight 2 in the shaft in a well bucket form.
[0003] The main rope 4 is moved in association with
the turning of the sheave 5 by a frictional force generated
between the main rope 4 and the sheave 5, and the car
1 and the counterweight 2 are moved up and down in the
shaft in a well bucket form by this movement of the main
rope 4. The sheave 5 provided in the driving device 3 is
driven by a drive motor, not shown, provided similarly in
the driving device 3, and the turning thereof is braked by
a braking device 7.

Also, the driving device 3 is provided with an encoder 8
that detects the rotating speed of the sheave 5, and out-
puts this speed as pulse data.

[0004] The above-described conventional and general
traction type elevator device is configured as described
below. During the time when the car is stopped, the
sheave is held by the braking device provided in the driv-
ing device, whereby the car is stationarily held at the stop
position. When any abnormality is detected during the
running of the car, and the car is to be emergency
stopped, the braking device of the driving device is op-
erated to brake and stop the sheave, whereby the car is
emergency stopped.

If the braking capability of the braking device is low, the
braking distance at the emergency stop time becomes
long, sothatthere is a fear that the car cannot be stopped
instantly when the abnormality is detected by a safety
device. In this case, for example, when a so-called door
open running abnormality, in which the car runs in the
state in which the elevator door is opened, is detected,
the requirement for braking distance to the emergency
stop position of car, which is stipulated by the regulations,
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cannot be satisfied.

Further, there is a possibility that the car cannot be sta-
tionarily held normally during the stopping of the car.
[0005] Inversely, if the braking capability of the braking
device is high, the deceleration of car at the emergency
stop time becomes quick, so that an influence of inertial
force etc. may be exerted on the user in the car. In this
case, usually, as the standard of deceleration in emer-
gency braking, itis said that 1G or lower (G: gravitational
acceleration) is desirable, and there is a possibility that
this standard cannot be met.

By the above-described situation, it is necessary that the
braking capability of the braking device be set at a proper
value, the braking capability be checked at the time of
periodic maintenance and inspection, and it be checked
whether or not the braking capability is made abnormal
by time change and the like.

[0006] Accordingly, as the conventional elevator de-
vice in which the braking device is checked by the arith-
metic operation of the braking capability of the braking
device performed by using the deceleration at the time
when the car is stopped, there has been known an ele-
vator device including the traction machine on which the
main rope for hanging the car and the counterweight is
wound, a brake for giving a braking force to this traction
machine, a speed detector for detecting the speed of the
car, a storage part for storing the speed data of car out-
putted from this speed detector, an operation part for
computing the deceleration at the time when the car is
stopped and for computing the braking force of the brake
by using the deceleration of car or the like, and ajudgment
circuit for judging, by comparing the operation result de-
termined by the operation of the operation part with a
predefined standard, whether or not the braking force of
the brake is proper (for example, refer to Patent Literature

1).

Citation List
Patent Literature
[0007]

Patent Literature 1: Japanese Patent Laid-Open No.
06-263353

Summary of Invention
Technical Problem

[0008] Unfortunately, the conventional elevator device
disclosed in Patent Literature 1 has a problem that since
the braking force of the brake is computed by using the
deceleration at the time when the running car is stopped,
the braking force of the brake cannot be measured while
the car is being stopped, and the car must be run for the
measurement of braking capability only.

Also, this elevator device has a problem that since it is



3 EP 2 537 790 A1 4

judged, by comparing the braking capability determined
by operation with the predefined standard, whether or
not the braking capability is proper, an abnormality of
braking capability cannot be detected until the braking
capability of the braking device actually deviates from
the standard value, so that a sign that the braking capa-
bility has become abnormal cannot be detected, and
therefore, has a problem that during the time period from
when the braking capability has actually become abnor-
mal to when the check is made, there is a fear that a
dangerous action is performed on account of the abnor-
mality of the braking capability.

[0009] The presentinvention has been made to solve
the above problems, and accordingly a first object thereof
is to provide an elevator device in which the braking ca-
pability of a braking device can be measured while the
car is being stopped.

Also, a second object of the present invention is to pro-
vide an elevator device in which a sign that the braking
capability has become abnormal can be detected, and
thereby a dangerous action caused by an abnormality of
the braking capability can be prevented.

Means for Solving the Problems

[0010] An elevator device according to the present in-
vention, which comprises a car and a counterweight both
disposed in a shaft of an elevator so as to be movable
up and down; a driving device for driving the up-and-
down movement of the car and counterweight; a main
rope that is wound on a sheave of the driving device and
hangs the car and counterweight in the shaft; a braking
device for braking the sheave of the driving device; and
a control device for controlling the driving device and the
braking device, is characterized in that the elevator de-
vice comprises an encoder for detecting the number of
rotation of the sheave; and a brake that is provided in the
braking device and has a brake coil that attracts a brake
shoe to release braking when being energized by electric
current, and the control device carries out control to
change over the operation mode of the elevator to a brak-
ing capability checking operation mode; stops the car by
means of the braking device in the state in which the
weightis unbalanced between the car side and the coun-
terweight side when the operation mode of elevator is
the braking capability checking operation mode; controls
the attraction current supplied to the brake coil to grad-
ually release the brake of the braking device; detects the
start of movement of the car via the encoder; measures
the braking capability of the braking device based on the
value of attraction current at the time of the start of car
movement; and judges that the braking capability of the
braking device is abnormal if the braking capability devi-
ates from a predetermined standard.

[0011] Also, An elevator device according to the
present invention, which comprising a car and a coun-
terweight both disposed in a shaft of an elevator so as
to be movable up and down; a driving device for driving
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the up-and-down movement of the car and counter-
weight; a main rope that is wound on a sheave of the
driving device and hangs the car and counterweight in
the shaft; a braking device for braking the sheave of the
driving device; and a control device for controlling the
driving device and the braking device, is characterized
in that the control device carries out control to change
over the operation mode of elevator to a braking capa-
bility checking operation mode; measures the braking
capability of the braking device when the operation mode
of elevator is the braking capability checking operation
mode; and judges that the braking capability of the brak-
ing device is abnormal if the change amount of the meas-
ured braking capability from the braking capability at the
last measurement time deviates from a predetermined
change amount standard.

Advantageous Effect of Invention

[0012] The presentinvention provides an elevator de-
vice having a car and a counterweight both disposed in
a shaft of an elevator so as to be movable up and down;
a driving device for driving the up-and-down movement
of the car and counterweight; a main rope that is wound
on a sheave of the driving device and hangs the car and
counterweight in the shaft; a braking device for braking
the sheave of the driving device; and a control device for
controlling the driving device and the braking device,
characterized in that the elevator device includes an en-
coder for detecting the rotating speed of the sheave; and
a brake that is provided in the braking device and has a
brake coil that attracts a brake shoe to release braking
when being energized by electric current, and the control
device carries out control to change over the operation
mode of the elevator to a braking capability checking op-
eration mode; stops the car by means of the braking de-
vice in the state in which the weight is unbalanced be-
tween the car side and the counterweight side when the
operation mode of elevator is the braking capability
checking operation mode; controls the attraction current
supplied to the brake coil to gradually release the brake
of the braking device; detects the start of movement of
the car via the encoder; measures the braking capability
of the braking device based on the value of attraction
current at the time of the start of car movement; and judg-
es that the braking capability of the braking device is ab-
normal if the braking capability deviates from a preset
standard. Therefore, an effect is achieved that the brak-
ing capability of the braking device can be measured
while the car is being stopped.

[0013] Also, the presentinvention provides an elevator
device having a car and a counterweight both disposed
in a shaft of an elevator so as to be movable up and down;
a driving device for driving the up-and-down movement
of the car and counterweight; a main rope that is wound
on a sheave of the driving device and hangs the car and
counterweight in the shaft; a braking device for braking
the sheave of the driving device; and a control device for



5 EP 2 537 790 A1 6

controlling the driving device and the braking device,
characterized in that the control device carries out control
to change over the operation mode of elevator to a brak-
ing capability checking operation mode; measures the
braking capability of the braking device when the oper-
ation mode of elevator is the braking capability checking
operation mode; and judges that the braking capability
of the braking device is abnormal if the change amount
of the measured braking capability from the braking ca-
pability at the last measurement time deviates from a
preset change amount standard. Therefore, an effect is
achieved that a sign that the braking capability has be-
come abnormal can be detected, and thereby a danger-
ous action caused by an abnormality of the braking ca-
pability can be prevented.

Brief Description of the Drawings
[0014]

Figure 1 is a schematic view showing the general
configuration of an elevator device related to firstem-
bodiment of the present invention.

Figure 2 is a flowchart showing the flow of operations
of elevator device related to first embodiment of the
present invention.

Figure 3 is a diagram for explaining how to judge the
abnormality of braking capability by using a convert-
ed brake torque of the elevator device related to first
embodiment of the present invention.

Figure 4 is a flowchart showing the flow of operations
of elevator device related to second embodiment of
the present invention.

Figure 5 is a flowchart showing the flow of operations
of elevator device related to third embodiment of the
present invention.

Figure 6 is a schematic view showing the general
configuration of a conventional elevator device.

Description of Embodiments
First embodiment

[0015] Figures 1 to 3 relate to a first embodiment of
the presentinvention. Figure 1 is a schematic view show-
ing the general configuration of an elevator device, Figure
2 is aflowchart showing the flow of operations of elevator
device, and Figure 3 is a diagram for explaining how to
judge the abnormality of braking capability by using a
converted brake torque of the elevator device.

In Figure 1, reference sign 1 denotes a car disposed in
a shaft, not shown, of an elevator so as to be movable
up and down. In the shaft, a counterweight 2 is also dis-
posed so as to be movable up and down, and moves in
the direction reverse to the direction of the car 1.
[0016] In a top portion or the like of the shaft, a driving
device 3 is disposed, and the driving device 3 consists
of a traction machine for driving the up-and-down move-
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ment of the car 1 and the counterweight 2. To the upper
portion ofthe car 1, one end of amainrope 4 is connected.
The intermediate portions of this main rope 4 are wound
on a sheave 5 of the driving device 3 and a deflector
sheave 6, and the other end of the main rope 4 is con-
nected to the upper portion of the counterweight 2. There-
by, the car 1 and the counterweight 2 are hung in the
shaft in a well bucket form.

The weight of the counterweight 2 is set so as to balance
with the weight on the car 1 side, for example, at the time
when a load of 50% of the rated load is carried in the car 1.
[0017] The main rope 4 is moved in association with
the turning of the sheave 5 by a frictional force generated
between the main rope 4 and the sheave 5, and the car
1 and the counterweight 2 are moved up and down in the
shaft in a well bucket form by this movement of the main
rope 4. The sheave 5 provided in the driving device 3 is
driven by a drive motor, not shown, provided similarly in
the driving device 3, and the turning of thereof is braked
by a braking device 7.

[0018] The braking device 7 that brakes the turning of
the sheave 5includes abrake drum, not shown, that turns
in association with the sheave 5, and a brake disposed
so as to face to the brake drum. This brake includes a
brake shoe that is pressed against the brake drum by the
action of elastic force due to a spring to generate a brak-
ing force by means of a frictional force at the time when
the brake shoe comes into contact with the brake drum,
and a brake coil that attracts the brake shoe to release
the braking when being energized by electric current.
Also, the driving device 3 is provided with an encoder 8
that detects the rotating speed of the sheave 5, and out-
puts this speed as pulse data.

[0019] The driving device 3 and the braking device 7
are controlled by a control device 9 installed in a machine
room in the top portion of the shaft, on the wall of the
shaft, or in the like location.

The control device 9 receives car position data 9a, in-car
load data 9b, and encoder pulse data 9c, and controls
the driving device 3 and the braking device 7 based on
these data.

[0020] The car position data 9a, which indicates the
present position of the car 1 in the shaft, is outputted by
a car position detecting device, not shown, provided on
the car 1. The car position detecting device detects the
present position of the car 1, for example, by detecting
a door zone plate, not shown, attached in the shaft.
The in-car load data 9b, which indicates the load in the
car 1, is outputted by an in-car load detecting device, not
shown, consisting of, for example, a weighing device pro-
vided on the car 1. The in-car load detecting device can
also be configured by a camera for photographing the
situation in the car.

The encoder pulse data 9c is outputted from the above-
described encoder 8, and indicates the rotating speed of
the sheave 5.

[0021] The above-described elevator has two opera-
tion modes of a normal operation mode and a braking
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capability checking operation mode. The normal opera-
tion mode is a mode in which the elevator is normally
operated at the normal time at which no special affair
arises, and the braking capability checking operation
mode is a mode in which the braking capability of the
braking device 7 is measured to check whether or not
the braking capability is abnormal.

These operation modes are changed over under the con-
trol of the control device 9 by the fulfillment of a prede-
termined operation mode transfer condition. This prede-
termined operation mode transfer condition is set so that,
for example, the transfer to the braking capability check-
ing operation mode is accomplished in a time zone in
which the number of users of the preset elevatoris small.
[0022] The above-described car position data 9a, in-
car load data 9b, and encoder pulse data 9c are inputted
to a data storage/operation part 9d provided in the control
device 9.

The data storage/operation part 9d executes predeter-
mined data storage processing and predetermined data
operation processing in accordance with the operation
mode of that elevator by using the car position data 9a,
in-car load data 9b, and encoder pulse data 9c.

[0023] The operation result obtained by the data stor-
age/operation part 9d is outputted to a drive control in-
struction part 9e and a brake control instruction part 9f
provided in the control device 9.

The drive control instruction part 9e gives a control in-
struction to the driving device 3 based on the operation
result obtained by the data storage/operation part 9d,
and the driving device 3 operates in accordance with the
control instruction sent from the drive control instruction
part 9e. The brake control instruction part 9f gives a con-
trol instruction to the braking device 7 based on the op-
eration result obtained by the data storage/operation part
9d, and the braking device 7 operates in accordance with
the control instruction sent from the brake control instruc-
tion part 9f.

[0024] In the shaftin the vicinity of the top floor, which
is the upside terminal floor at which the car 1 stops, a
limit switch, not shown, is provided to restrain the car 1
from moving upward beyond a predetermined stop posi-
tion at the top floor.

The configuration is made such that if the car 1 is about
to move upward beyond a predetermined stop position
at the top floor, the limit switch operates, and the opera-
tion of the limit switch leads to the operation of a safety
device, whereby the car 1 is emergency stopped.
[0025] In this embodiment, the elevator device, espe-
cially the control device 9, operates following the flow
shown in Figure 2.

When the elevator is in the normal operation mode (Step
S0), if the above-described predetermined operation
mode transfer condition, in which, for example, the time
zone is a zone in which the number of users of the preset
elevator is small, is fulfilled, the control device 9 is about
to transfer the operation mode of the elevator to the brak-
ing capability checking operation mode (Step S1).
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[0026] When the control device 9 is about to transfer
the operation mode of the elevator to the braking capa-
bility checking operation mode, first, in Step S2, the data
storage/operation part 9d of the control device 9 checks
the load in the car 1 based on the in-car load data 9b,
and in the successive Step S3, based on the load in the
car 1 checked in Step S2, the data storage/operation part
9d judges whether or not a passenger (user) is absent
in the car 1.

In this judgment, if it is judged that a passenger is not
absent in the car 1, that is, that a passenger is present
in the car 1, the control returns to Step SO, where the
control device 9 continues the normal operation mode of
the elevator.

[0027] On the other hand, in the judgment in Step S3,
if it is judged that a passenger is absent in the car 1 and
the car 1 is in a no-load condition, the control proceeds
to Step S4. In Step S4, the control device 9 transfers the
operation mode of the elevator to the braking capability
checking operation mode, and performs the operations
described below.

First, the drive control instruction part 9e of the control
device 9 gives a control instruction to the driving device
3 to drive the driving device 3 so as to run the car 1 to
the top floor. When the car 1 arrives at the top floor, the
brake control instruction part 9f of the control device 9
gives a control instruction to the braking device 7 to op-
erate the braking device 7 so as to stop the car 1 at the
top floor.

[0028] As described above, the weight of the counter-
weight 2 is set so as to balance with the weight on the
car 1 side at the time when a load of 50% of the rated
load is carried in the car 1. Therefore, since the car 1 is
in a no-load condition at this time, the counterweight 2
side is heavier than the car 1 side, so that by the differ-
ence in weight between the car 1 side and the counter-
weight 2, an unbalance torque TA is generated in the
direction in which the car 1 is raised and the counter-
weight 2 is lowered.

The state in which the car 1 is stopped by the braking
device 7 is a state in which the braking holding torque
created by the braking device 7 is higher than the unbal-
ance torque TA.

[0029] Next, the brake control instruction part 9f con-
trols the value of attraction current supplied to the brake
coil of the braking device 7 so as to increase that value
gradually from zero, gradually releases the brake of the
braking device 7, and gradually decreases the braking
holding torque created by the braking device 7.

When the braking holding torque created by the braking
device 7 becomes equal to the unbalance torque TA and
becomes balanced with it, and the attraction current flow-
ing to the brake coil further increases from this state so
that the braking holding torque becomes lower than the
unbalance torque TA, the sheave 5 of the driving device
3 begins to turn. The data storage/operation part 9d of
the control device 9 monitors the encoder pulse data 9¢
sent from the encoder 8, and thereby detects the time
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when the sheave 5 begins to turn. When the sheave 5
begins to turn, the data storage/operation part 9d meas-
ures the value of attraction current supplied to the brake
coil of the braking device 7, and records it.

[0030] After a series of processing of measurement
and record of the value of attraction current supplied to
the brake coil has been finished in Step S4, the control
proceeds to Step S5. In Step S5, the data storage/oper-
ation part 9d converts the value of attraction current sup-
plied to the brake coil, which has been measured and
recorded in Step S4, into the brake braking capability of
the braking device 7.

The conversion of the value of attraction current supplied
to the brake coil into the brake braking capability of the
braking device 7 is accomplished as described below.
[0031] First, in advance, when a certain attraction cur-
rent value is given to the brake coil, the relation of attrac-
tion force acting from the brake coil to the brake shoe is
measured, and it is stored in the data storage/operation
part 9d. The friction coefficient between the brake drum
and the brake shoe and the rotating radius of the brake
drum are also stored in advance in the data storage/op-
eration part 9d.

The attraction force of the brake coil at the attraction cur-
rent value obtained in Step S4 is determined from the
corresponding relationship between the attraction cur-
rent value and the attraction force, which have been
stored in advance. By multiplying the attraction force thus
obtained by the friction coefficient and rotating radius
having been stored in advance, a converted brake torque
T is calculated.

[0032] As seen from the calculation process, this con-
verted brake torque T is the torque of attraction force of
the brake coil. On the other hand, the braking holding
torque is the torque of pressing force of the brake shoe
against the brake drum.

Since the attraction force of the brake coil acts in the
direction in which the pressing force of the brake shoe is
weakened, the torque obtained by subtracting the con-
verted brake torque T from the maximum braking holding
torque at the time when the attraction current value is
zero is the braking holding torque at the time when the
sheave 5 begins to turn. In other words, the braking hold-
ing torque at the time when the sheave 5 begins to turn
is approximately equal to the unbalance torque TA, so
that the torque obtained by adding the converted brake
torque T to the unbalance torque TA is the maximum
braking holding torque at the time when the attraction
current value is zero.

[0033] After Step S5, the control proceeds to Step S6,
where, based on the converted brake torque T deter-
mined from the attraction current value in Step S5, the
data storage/operation part 9d of the control device 9
judges whether or not the braking capability of the braking
device 7 is within the preset range of maintenance stand-
ard.

The method for judging whether or not the braking capa-
bility of the braking device 7 is within the preset range of
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maintenance standard is explained specifically with ref-
erence to Figure 3.

[0034] First, in the data storage/operation part 9d of
the control device 9, the values of the unbalance torque
TA at the time when the car 1 is in a no-load condition,
a predetermined maintenance standard lower limit
torque TL higher than the unbalance torque TA, and a
predetermined maintenance standard upper limit torque
TU higher than the maintenance standard lower limit
torque TL have been stored in advance.

Since, as described above, the braking holding torque at
the time when the value of attraction current supplied to
the brake coil is increased gradually from zero and the
sheave 5 begins to turn is approximately equal to the
unbalance torque TA, the data storage/operation part 9d
evaluates the maximum braking holding torque, which is
the braking capability of the braking device 7, by means
of avalue obtained by adding the converted brake torque
T to the unbalance torque TA.

[0035] Thatis, if the value obtained by adding the con-
verted brake torque T to the unbalance torque TA is not
smaller than the maintenance standard lower limit torque
TL and not larger than the maintenance standard upper
limittorque TU, the data storage/operation part 9d judges
thatthe braking capability of the braking device 7 is within
the preset range of maintenance standard and is normal.
Also, if the value obtained by adding the converted brake
torque T to the unbalance torque TA is smaller than the
maintenance standard lower limit torque TL, or if the val-
ue obtained by adding the converted brake torque T to
the unbalance torque TA is larger than the maintenance
standard upper limit torque TU, the data storage/opera-
tion part 9d judges that the braking capability of the brak-
ing device 7 is out of the preset range of maintenance
standard and is abnormal.

[0036] Thus,in Step S6, based onthe converted brake
torque T determined in Step S5, the data storage/oper-
ation part 9d of the control device 9 judges whether or
not the braking capability of the braking device 7 is within
the preset range of maintenance standard. In this judg-
ment, if the value obtained by adding the converted brake
torque T to the unbalance torque TA is not smaller than
the maintenance standard lower limit torque TL and not
larger than the maintenance standard upper limit torque
TU, the data storage/operation part 9d judges that the
braking capability of the braking device 7 is normal, and
the control proceeds to Step S7.

In Step S7, the control device 9 finishes the braking ca-
pability checking operation mode, and in the successive
Step S8, the control device 9 transfers the operation
mode of the elevator to the normal operation mode.
Thereafter, the operation flow ends.

[0037] On the other hand, in the judgment in Step S6,
if the value obtained by adding the converted brake
torque T to the unbalance torque TA is smaller than the
maintenance standard lower limittorque TL or larger than
the maintenance standard upperlimit torque TU, the con-
trol proceeds to Step S9.
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In Step S9, the control device 9 judges that the braking
capability of the braking device 7 is abnormal and halts
the operation of the elevator. In the successive Step S10,
the control device 9 gives, by using a notifying device,
not shown, a predetermined place such as the mainte-
nance company of the elevator a notice that the braking
capability of the braking device 7 is abnormal, and there-
after, the operation flow ends.

[0038] The elevator device configured as described
above has the car and counterweight disposed in the
shaft of the elevator so as to be movable up and down;
the driving device for driving the up-and-down movement
of the car and counterweight; the main rope thatis wound
on the sheave of the driving device and hangs the car
and counterweight in the shaft; the braking device for
braking the sheave of the driving device; and the control
device for controlling the driving device and the braking
device, and is characterized in that the elevator device
includes the encoder for detecting the rotating speed of
the sheave, and the brake that is provided in the braking
device and has the brake coil that attracts the brake shoe
to release braking when being energized by electric cur-
rent, and the control device carries out control to change
over the operation mode of elevator to the braking capa-
bility checking operation mode; stops the car by means
of the braking device in the state in which the weight is
unbalanced between the car side and the counterweight
side when the operation mode of elevator is the braking
capability checking operation mode; controls the attrac-
tion current supplied to the brake coil to gradually release
the brake of the braking device; detects the start of move-
ment of the car via the encoder; measures the braking
capability of the braking device based on the value of
attraction current at the time of the start of car movement;
and judges that the braking capability of the braking de-
vice is abnormal if the braking capability deviates from
the preset standard.

[0039] Also, the control device evaluates the braking
capability of the braking device by means of the sum of
the unbalance torque created by the unbalance in weight
between the car side and the counterweight side and the
torque of attraction force of the brake coil in the attraction
current at the time when the attraction current supplied
to the brake coil is controlled to gradually release the
brake of the braking device and to start the car move-
ment.

Therefore, the braking capability of the braking device
can be measured while the car is being stopped.
[0040] The car load detecting device for detecting the
load in the car is further provided, and based on the de-
tection result of the car load detecting device, the control
device measures the braking capability of the braking
device when the car is in a no-load condition. Also, the
limit switch for restraining the car from moving upward
beyond the predetermined stop position at the top floor
at which the car stops is further provided, the weight of
the counterweight is set so as to be larger than the weight
on the car side at the time when the car is in a no-load
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condition, and the control device measures the braking
capability of the braking device in the state in which the
car is stopped at the stop position of the top floor.
Therefore, evenifthe car moves during the measurement
of braking capability, the car moves upward and the limit
switch operates, so that the movement of the car can be
halted instantly.

[0041] Further, ifitis judged that the braking capability
of the braking device is abnormal, the operation of ele-
vator is halted, and this result is notified to the predeter-
mined place. Therefore, if an abnormality occurs in the
braking capability of the braking device, the maintenance
work can be promoted quickly.

Second embodiment

[0042] Figure4,whichrelatestoasecond embodiment
of the present invention, is a flowchart showing the flow
of operations of elevator device.

In the above-described first embodiment, based on the
converted brake torque determined from the attraction
current value, it is judged whether or not the braking ca-
pability of the braking device is within the preset range
of maintenance standard, whereby it is judged whether
or not the braking capability is normal. In contrast, in the
second embodiment explained hereunder, the braking
capability (converted brake torque) of the braking device
that was measured and computed in the braking capa-
bility checking operation mode at the last time is stored
and accumulated in advance, a difference (change
amount) in braking capability between this time and the
last time is computed, and it is judged whether or not this
difference (change amount) in braking capability is within
the preset range of maintenance change amount stand-
ard, whereby it is judged whether or not the braking ca-
pability is normal.

[0043] Thatis, inthisembodiment, the elevator device,
especially the control device 9, operates following the
flow shown in Figure 4.

When the elevator is in the normal operation mode (Step
S20), if the above-described predetermined operation
mode transfer condition, in which, for example, the time
zone is a zone in which the number of users of the preset
elevator is small, is fulfillled, the control device 9 is about
to transfer the operation mode of the elevator to the brak-
ing capability checking operation mode (Step S21).
[0044] When the control device 9 is about to transfer
the operation mode of the elevator to the braking capa-
bility checking operation mode, first, in Step S22, the data
storage/operation part 9d of the control device 9 checks
the load in the car 1 based on the in-car load data 9b,
and in the successive Step S23, based on the load in the
car 1 checked in Step S22, the data storage/operation
part 9d judges whether or not a passenger (user) is ab-
sent in the car 1.

In this judgment, if it is judged that a passenger is not
absent in the car 1, that is, that a passenger is present
in the car 1, the control returns to Step S20, where the
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control device 9 continues the normal operation mode of
the elevator.

[0045] On the other hand, in the judgment in Step S23,
if it is judged that a passenger is absent in the car 1 and
the car 1 is in a no-load condition, the control proceeds
to Step S24. In Step S24, the control device 9 transfers
the operation mode of the elevator to the braking capa-
bility checking operation mode, and performs the oper-
ations described below.

First, the drive control instruction part 9e of the control
device 9 gives a control instruction to the driving device
3 to drive the driving device 3 so as to run the car 1 to
the top floor. When the car 1 arrives at the top floor, the
brake control instruction part 9f of the control device 9
gives a control instruction to the braking device 7 to op-
erate the braking device 7 so as to stop the car 1 at the
top floor.

[0046] Next, the brake control instruction part 9f con-
trols the value of attraction current supplied to the brake
coil of the braking device 7 so as to increase that value
gradually from zero, gradually releases the brake of the
braking device 7, and gradually decreases the braking
holding torque created by the braking device 7.

When the braking holding torque created by the braking
device 7 becomes lower than the unbalance torque TA,
the sheave 5 of the driving device 3 begins to turn. The
data storage/operation part 9d of the control device 9
monitors the encoder pulse data 9c sentfrom the encoder
8, and thereby detects the time when the sheave 5 begins
to turn. When the sheave 5 begins to turn, the data stor-
age/operation part 9d measures the value of attraction
current supplied to the brake coil of the braking device
7, and records it.

[0047] After a series of processing of measurement
and record of the value of attraction current supplied to
the brake coil has been finished in Step S24, the control
proceeds to Step S25. In Step S25, the data storage/
operation part 9d converts the value of attraction current
supplied to the brake coil, which has been measured and
recorded in Step S24, into the brake braking capability
of the braking device 7.

Specifically, the attraction force of the brake coil at the
attraction current value obtained in Step S24 is deter-
mined from the corresponding relationship between the
attraction current value and the attraction force, which
have been stored in advance. By multiplying the attrac-
tion force thus obtained by the friction coefficient and
rotating radius having been stored in advance, the con-
verted brake torque T is calculated.

[0048] After Step S25, the control proceeds to Step
S26, where the data storage/operation part 9d computes
the difference between the converted brake torque T de-
termined this time in Step S25 and the converted brake
torque T having been measured and computed in the last
braking capability checking operation mode stored in the
data storage/operation part 9d.

Also, the data storage/operation part 9d records the value
of the converted brake torque T computed this time in
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Step S25.

[0049] Then, the control proceeds to Step S27, where,
based on the difference between the converted brake
torques T determined in Step S26, the data storage/op-
eration part 9d judges whether or not the change amount
of braking capability of the braking device 7 is within the
preset range of maintenance change amount standard.
That is, the data storage/operation part 9d of the control
device 9 stores, in advance, the value of a predetermined
maintenance change amount standard torque TD, which
is zero or larger. If the absolute value of difference be-
tween the converted brake torques T is not larger than
the maintenance change amount standard torque TD,
the data storage/operation part 9d judges that the braking
capability of the braking device 7 is within the preset
range of maintenance change amount standard and is
normal.

Also, if the absolute value of difference between the con-
verted brake torques T is larger than the maintenance
change amount standard torque TD, the data storage/
operation part 9d judges that the braking capability of the
braking device 7 is out of the preset range of maintenance
change amount standard and changed abnormally.
[0050] Thus, in Step S27, based on the difference be-
tween the converted brake torques T determined in Step
S26, the data storage/operation part 9d judges whether
or not the change amount of braking capability of the
braking device 7 is within the preset range of mainte-
nance change amount standard. In this judgment, if the
absolute value of difference between the converted brake
torques T is not larger than the maintenance change
amount standard torque TD, the data storage/operation
part 9d judges that the braking capability of the braking
device 7 is normal, and the control proceeds to Step S28.
In Step S28, the control device 9 finishes the braking
capability checking operation mode, and in the succes-
sive Step S29, the control device 9 transfers the operation
mode of the elevator to the normal operation mode.
Thereafter, a series of the operation flow ends.

[0051] Onthe other hand, inthe judgmentin Step S27,
if the absolute value of difference between the converted
brake torques T is larger than the maintenance change
amount standard torque TD, the control proceeds to Step
S30.

In Step S30, the control device 9 judges that the braking
capability of the braking device 7 is abnormal, and halts
the operation of the elevator. In the successive Step S31,
the control device 9 gives, by using the notifying device,
not shown, a predetermined place such as the mainte-
nance company of the elevator a notice that the braking
capability of the braking device 7 is abnormal, and there-
after, a series of the operation flow ends.

Other configurations and operations are the same as
those in the first embodiment.

[0052] The elevator device configured as described
above has the car and counterweight disposed in the
shaft of the elevator so as to be movable up and down;
the driving device for driving the up-and-down movement
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of the car and counterweight; the main rope thatis wound
on the sheave of the driving device and hangs the car
and counterweight in the shaft; the braking device for
braking the sheave of the driving device; and the control
device for controlling the driving device and the braking
device, and is characterized in that the control device
carries out control to change over the operation mode of
elevator to the braking capability checking operation
mode; measures the braking capability of the braking de-
vice when the operation mode of elevator is the braking
capability checking operation mode; and judges that the
braking capability of the braking device is abnormal if the
change amount of the measured braking capability from
the braking capability at the last measurement time de-
viates from the preset change amount standard.
Therefore, a sign that the braking capability has become
abnormal can be detected, and thereby a dangerous ac-
tion caused by an abnormality of the braking capability
can be prevented.

[0053] Also, the elevator device further includes the
encoder for detecting the rotating speed of the sheave,
and the brake that is provided in the braking device and
has the brake coil that attracts the brake shoe to release
braking when being energized by electric current, and
the control device stops the car by means of the braking
device in the state in which the weight is unbalanced
between the car side and the counterweight side; controls
the attraction current supplied to the brake coil to grad-
ually release the brake of the braking device; detects the
start of movement of the car via the encoder; and eval-
uates the braking capability of the braking device based
on the value of attraction current at the time of the start
of car movement.

Therefore, the sign that the braking capability of the brak-
ing device has become abnormal can be detected while
the car is being stopped.

Third embodiment

[0054] Figure 5, which relates to a third embodiment
of the present invention, is a flowchart showing the flow
of operations of elevator device.

The above-described first embodiment (or the second
embodiment) describes a so-called single brake type in
which one brake is provided in the braking device. In
contrast, the third embodiment describes a so-called
double brake type in which two brakes capable of oper-
ating independently of each other are provided in the
braking device.

[0055] In the third embodiment, the braking device 7
for braking the turn of the sheave 5 is provided with two
brakes that are disposed so as to face to the brake drum
and can operate independently of each other, that is, the
so-called double brake is configured.

Each of these brakes is provided with the brake coil, and
the attraction current supplied to each brake coil can be
controlled independently via the control instruction given
by the brake control instruction part 9f of the control de-
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vice 9.

[0056] In this embodiment, the elevator device, espe-
cially the control device 9, operates following a series of
the flow shown in Figure 4. Herein, the case where the
double brake is used in the first embodiment is explained.
When the elevator is in the normal operation mode (Step
S40), if the above-described predetermined operation
mode transfer condition, in which, for example, the time
zone is a zone in which the number of users of the preset
elevator is small, is fulfilled, the control device 9 is about
to transfer the operation mode of the elevator to the brak-
ing capability checking operation mode (Step S41).
[0057] When the control device 9 is about to transfer
the operation mode of the elevator to the braking capa-
bility checking operation mode, first, in Step S42, the data
storage/operation part 9d of the control device 9 checks
the load in the car 1 based on the in-car load data 9b,
and in the successive Step S43, based on the load in the
car 1 checked in Step S42, the data storage/operation
part 9d judges whether or not a passenger (user) is ab-
sent in the car 1.

In this judgment, if it is judged that a passenger is not
absent in the car 1, that is, that a passenger is present
in the car 1, the control returns to Step S40, where the
control device 9 continues the normal operation mode of
the elevator.

[0058] Onthe other hand, inthe judgmentin Step S43,
if it is judged that a passenger is absent in the car 1 and
the car 1 is in a no-load condition, the control proceeds
to Step S44. In Step S44, the control device 9 transfers
the operation mode of the elevator to the braking capa-
bility checking operation mode, and performs the oper-
ations described below.

First, the drive control instruction part 9e of the control
device 9 gives a control instruction to the driving device
3 to drive the driving device 3 so as to run the car 1 to
the top floor. When the car 1 arrives at the top floor, the
brake control instruction part 9f of the control device 9
gives a control instruction to the braking device 7 to op-
erate the braking device 7 so as to stop the car 1 at the
top floor.

Next, the brake control instruction part 9f completely re-
leases one brake of the two brakes provided in the brak-
ing device 7 by energizing the one brake.

[0059] Then, the brake control instruction part 9f con-
trols the value of attraction current supplied to the brake
coil of the other brake so as to increase that value grad-
ually from zero, gradually releases the other brake of the
braking device 7, and gradually decreases the braking
holding torque created by the other brake of the braking
device 7.

When the braking holding torque created by the other
brake of the braking device 7 becomes lower than the
unbalance torque TA, the sheave 5 of the driving device
3 begins to turn. The data storage/operation part 9d of
the control device 9 monitors the encoder pulse data 9¢
sent from the encoder 8, and thereby detects the time
when the sheave 5 begins to turn. When the sheave 5
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begins to turn, the data storage/operation part 9d meas-
ures the value of attraction current supplied to the brake
coil of the braking device 7, and records it.

[0060] After a series of processing of measurement
and record of the value of attraction current supplied to
the brake coil has been finished in Step S44, the control
proceeds to Step S45. In Step S45, the data storage/
operation part 9d converts the value of attraction current
supplied to the brake coil, which has been measured and
recorded in Step S44, into the brake braking capability
of the braking device 7.

Specifically, the attraction force of the brake coil at the
attraction current value obtained in Step S44 is deter-
mined from the corresponding relationship between the
attraction current value and the attraction force, which
have been stored in advance. By multiplying the attrac-
tion force thus obtained by the friction coefficient and
rotating radius having been stored in advance, the con-
verted brake torque T is calculated.

[0061] After Step S45, the control proceeds to Step
S46, where, based on the converted brake torque T de-
termined from the attraction current value in Step S45,
the data storage/operation part 9d judges whether or not
the braking capability of the braking device 7 is within the
preset range of maintenance standard.

The method for judging whether or not the braking capa-
bility of the braking device 7 is within the preset range of
maintenance standard is the same as that in Step S6 in
Figure 2 relating to the first embodiment. That is, if the
value obtained by adding the converted brake torque T
to the unbalance torque TA is not smaller than the main-
tenance standard lower limit torque TL and not larger
than the maintenance standard upper limit torque TU,
the data storage/operation part 9d judges that the braking
capability of the braking device 7 is within the preset
range of maintenance standard and is normal. Also, if
the value obtained by adding the converted brake torque
T to the unbalance torque TA is smaller than the main-
tenance standard lower limit torque TL, or if the value
obtained by adding the converted brake torque T to the
unbalance torque TA is larger than the maintenance
standard upper limit torque TU, the data storage/opera-
tion part 9d judges that the braking capability of the brak-
ing device 7 is out of the preset range of maintenance
standard and is abnormal.

[0062] In this judgment in Step S46, if the value ob-
tained by adding the converted brake torque T to the
unbalance torque TAis not smaller than the maintenance
standard lower limit torque TL and not larger than the
maintenance standard upper limit torque TU, the data
storage/operation part 9d judges that the braking capa-
bility (of the other brake) of the braking device 7 is normal,
and the control proceeds to Step S47.

In Step S47, the control device 9 finishes the braking
capability checking operation mode, and in the succes-
sive Step S48, the control device 9 transfers the operation
mode of the elevator to the normal operation mode.
Thereafter, the operation flow ends.
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[0063] Onthe other hand, inthe judgmentin Step S46,
if the value obtained by adding the converted brake
torque T to the unbalance torque TA is smaller than the
maintenance standard lower limittorque TL or larger than
the maintenance standard upperlimit torque TU, the con-
trol proceeds to Step S49.

In Step S49, the control device 9 judges that the braking
capability (of the other brake) of the braking device 7 is
abnormal, and halts the operation of the elevator. In the
successive Step S50, the control device 9 gives, by using
a notifying device, not shown, a predetermined place
such as the maintenance company of the elevator a no-
tice that the braking capability (of the other brake) of the
braking device 7 is abnormal, and thereafter, the opera-
tion flow ends.

[0064] In this embodiment, one of the two brakes pro-
vided in the braking device 7 is released, and the braking
capability of the other brake is checked. However, the
configuration may be made such that after Step S48 or
S50, the roles of these brakes are exchanged with each
other, and the braking capability of one brake, whose
braking capability has not been checked, is checked this
time.

In this case, in Step S44, the processing may be carried
out so that the brake coil of the brake whose braking
capability has been checked before ("the other coil" in
the above explanation) of the two brakes provided in the
braking device 7 is energized by electric current, whereby
a completely released state is formed, and control is car-
ried out so that the value of attraction current supplied to
the brake coil of the brake whose braking capability has
not yet been checked ("one brake" in the above expla-
nation) is increased gradually, whereby the brake is re-
leased gradually and thereby the braking holding torque
is decreased gradually.

[0065] Other configurations and operations are the
same as those in the first embodiment.

Also, in this embodiment, the case where a double brake
is used in the firstembodiment has been explained. How-
ever, in the case where a double brake is used in the
second embodiment as well, the configuration can be
made in the same way.

[0066] The elevator device configured as described
above is characterized in that in the configurations of first
and second embodiments, the braking device has two
brakes capable of operating independently of each other;
and the control device releases one brake and controls
the attraction current supplied to the brake coil of the
other brake to gradually release the brake of the braking
device, detects the start of movement of the car via the
encoder, and evaluates the braking capability of the brak-
ing device based on the value of attraction current at the
time of the start of car movement.

Therefore, in the braking device having a configuration
of so-called double brake, the braking capability of each
brake can be checked.
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Industrial Applicability

[0067]

The present invention can be applied to the el-

evator device having a car and a counterweight both dis-
posed in a shaft of an elevator so as to be movable up
and down, a driving device for driving the up-and-down
movement of the car and counterweight, a main rope that
is wound on a sheave of the driving device and hangs
the car and counterweight in the shaft, a braking device
for braking the sheave of the driving device, and a control
device for controlling the driving device and the braking
device.

Description of Symbols

[0068]

1 car

2 counterweight

3 driving device

4 main rope

5 sheave

6 deflector sheave

7 braking device

8 encoder

9 control device

9a car position data

9b  in-car load data

9c  encoder pulse data

9d data storage/operation part
9e drive control instruction part
of brake control instruction part
Claims

1. An elevator device comprising a car and a counter-

weight both disposed in a shaft of an elevator so as
to be movable up and down; a driving device for driv-
ing the up-and-down movement of the car and coun-
terweight; a main rope that is wound on a sheave of
the driving device and hangs the car and counter-
weight in the shaft; a braking device for braking the
sheave of the driving device; and a control device
for controlling the driving device and the braking de-
vice, characterized in that

the elevator device comprises

an encoder for detecting the number of rotation of
the sheave; and

a brake that is provided in the braking device and
has a brake coil that attracts a brake shoe to release
braking when being energized by electric current,
and

the control device carries out control to change over
the operation mode of the elevator to a braking ca-
pability checking operation mode; stops the car by
means of the braking device in the state in which the
weight is unbalanced between the car side and the
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counterweight side when the operation mode of el-
evator is the braking capability checking operation
mode; controls the attraction current supplied to the
brake coil to gradually release the brake of the brak-
ing device; detects the start of movement of the car
via the encoder; measures the braking capability of
the braking device based on the value of attraction
current at the time of the start of car movement; and
judges that the braking capability of the braking de-
vice is abnormal if the braking capability deviates
from a predetermined standard.

The elevator device according to claim 1, charac-
terized in that the control device evaluates the brak-
ing capability of the braking device by means of the
sum of the unbalance torque created by the unbal-
ance in weight between the car side and the coun-
terweight side and the torque of attraction force of
the brake coil in the attraction current at the time
when the attraction current supplied to the brake coil
is controlled to gradually release the brake of the
braking device and to start the car movement.

An elevator device comprising a car and a counter-
weight both disposed in a shaft of an elevator so as
to be movable up and down; a driving device for driv-
ing the up-and-down movement of the car and coun-
terweight; a main rope that is wound on a sheave of
the driving device and hangs the car and counter-
weight in the shaft; a braking device for braking the
sheave of the driving device; and a control device
for controlling the driving device and the braking de-
vice, characterized in that

the control device carries out control to change over
the operation mode of elevator to a braking capability
checking operation mode; measures the braking ca-
pability of the braking device when the operation
mode of elevator is the braking capability checking
operation mode; and judges that the braking capa-
bility of the braking device is abnormal if the change
amount of the measured braking capability from the
braking capability at the last measurement time de-
viates from a predetermined change amount stand-
ard.

The elevator device according to claim 3, charac-
terized in that

the elevator device further comprises

an encoder for detecting the number of rotation of
the sheave; and

a brake that is provided in the braking device and
has a brake coil that attracts a brake shoe to release
braking when being energized by electric current,
and

the control device stops the car by means of the brak-
ing device in the state in which the weight is unbal-
anced between the car side and the counterweight
side; controls the attraction current supplied to the
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brake coil to gradually release the brake of the brak-
ing device; detects the start of movement of the car
via the encoder; and evaluates the braking capability
of the braking device based on the value of attraction
current at the time of the start of car movement.

The elevator device according to claim 1, 2 or 4,
characterized in that the braking device has two
brakes capable of operating independently of each
other; and

the control device releases one brake and controls
the attraction current supplied to the brake coil of the
other brake to gradually release the brake of the
braking device, detects the start of movement of the
car via the encoder, and evaluates the braking ca-
pability of the braking device based on the value of
attraction current at the time of the start of car move-
ment.

The elevator device according to any one of claims
1 to 5, characterized in that the elevator device
further comprises a car load detecting device for de-
tecting the load inthe car, and based on the detection
result of the car load detecting device, the control
device measures the braking capability of the brak-
ing device when the car is in a no-load condition.

The elevator device according to claim 6, charac-
terized in that the elevator device further comprises
a limit switch for restraining the car from moving up-
ward beyond a predetermined stop position of the
top floor at which the car stops;

the weight of the counterweight is set so as to be
larger than the weight on the car side at the time
when the car is in a no-load condition; and

the control device measures the braking capability
of the braking device in the state in which the car is
stopped at the stop position of the top floor.

The elevator device according to any one of claims
1 to 7, characterized in that if it is judged that the
braking capability of the braking device is abnormal,
the operation of the elevator is halted, and this result
is notified to a predetermined place.
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