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(54) ELEVATOR DEVICE

(57) In an elevator apparatus, running of a car is
braked by a first brake device and a second brake device.
Operations of the first brake device and the second brake
device are controlled by a brake control portion. When a
sudden stop command to make a sudden stop of the car

is issued, the brake control portion first causes the first
brake device to perform braking operation. When the de-
celeration of the car is equal to or smaller than a prede-
termined value after a lapse of a predetermined time, the
brake control portion causes the second brake device to
perform braking operation.
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Description

Technical Field

[0001] The present invention relates to an elevator ap-
paratus having a first brake device and a second brake
device for braking running of a car.

Background Art

[0002] In a conventional elevator apparatus, a hoisting
machine is provided with a plurality of brake devices for
stopping a car as an emergency measure. When an
emergency stop signal is generated during power run-
ning operation, an emergency stop torque TS required
for stopping the car within a remaining distance from a
current position of the car to a terminal floor located in
front of the car in a traveling direction thereof, and a rest
retaining torque TL required for retaining the car at rest
are calculated. The larger one of TS and TL is then se-
lected as a required braking torque T. This required brak-
ing torque T is generated by a minimum number of the
braking devices, so the car is stopped as an emergency
measure (e.g., see Patent Document 1).
[0003]  Patent Document 1: JP 2001-278572 A

Disclosure of the Invention

Problem to be solved by the Invention

[0004] In the conventional elevator apparatus as de-
scribed above, however, calculation processings per-
formed therein and a system configuration thereof are
complicated.
[0005] The present invention has been made to solve
the above-mentioned problem, and it is therefore an obj
ect of the present invention to obtain an elevator appa-
ratus in which it is possible to prevent occurrence of an
excessive deceleration upon an issuance of a sudden
stop command with a simple construction.

Means for solving the Problem

[0006] According to the present invention, an elevator
apparatus includes: a car; a first brake device and a sec-
ond brake device for braking running of the car; and a
brake control portion for controlling operations of the first
brake device and the second brake device. In the elevator
apparatus, the brake control portion first causes the first
brake device to perform braking operation when a sud-
den stop command for making a sudden stop of the car
is issued, and the brake control portion causes the sec-
ond brake device to perform braking operation when a
deceleration of the car is equal to or smaller than a pre-
determined value after a lapse of a predetermined time.

Brief Description of the Drawings

[0007]

Fig. 1 is a schematic diagram showing an elevator
apparatus according to Embodiment 1 of the present
invention.
Fig. 2 is a circuit diagram showing a control circuit
of each of a first brake device and a second brake
device of Fig. 1.
Fig. 3 is a flowchart showing an operation of a brake
control portion of Fig. 1.
Fig. 4 is a timing chart showing a relationship among
a speed of a car, an acceleration of the car, a state
of a first contact, and a state of a second contact in
an event of an issuance of a sudden stop command
during regenerative operation of the elevator appa-
ratus of Fig. 1.
Fig. 5 is a timing chart showing a relationship among
a speed of the car, an acceleration of the car, a state
of the first contact, and a state of the second contact
in the event of the issuance of the sudden stop com-
mand during power running operation of the elevator
apparatus of Fig. 1.
Fig. 6 is a timing chart showing a relationship among
a speed of the car, an acceleration of the car, a state
of the first contact, and a state of the second contact
in the event of the issuance of an emergency stop
command in the elevator apparatus of Fig. 1.

Best Mode for carrying out the Invention

[0008] A preferred embodiment of the present inven-
tion will be described hereinafter with reference to the
drawings.

Embodiment 1

[0009] Fig. 1 is a schematic diagram showing an ele-
vator apparatus according to Embodiment 1 of the
present invention. A car 1 and a counterweight 2, which
are suspended within a hoistway by means of a main
rope 3, are raised/lowered within the hoistway due to a
driving force of a hoisting machine 4. The hoisting ma-
chine 4 has a drive sheave 5 around which the main rope
3 is looped, a motor 6 for rotating the drive sheave 5, and
braking means 7 for braking rotation of the drive sheave
5.
[0010] The braking means 7 has a brake pulley 8 ro-
tated integrally with the drive sheave 5, a first brake de-
vice 9 and a second brake device 10 for braking rotation
of the brake pulley 8. The first brake device 9 has a first
brake shoe 11 to be brought into contact with and away
from the brake pulley 8, a first brake spring (not shown)
for pressing the first brake shoe 11 against the brake
pulley 8, and a first brake release coil 12 for causing the
first brake shoe 11 to be spaced away from the brake
pulley 8 against the first brake spring.
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[0011] The second brake device 10 has a second
brake shoe 13 to be brought into contact with and away
from the brake pulley 8, a second brake spring (not
shown) for pressing the second brake shoe 13 against
the brake pulley 8, and a second brake release coil 14
for causing the second brake shoe 13 to be spaced away
from the brake pulley 8 against the second brake spring.
[0012] The motor 6 is provided with a speed detector
15 for generating a signal corresponding to a rotational
speed of a rotary shaft of the motor 6, namely, a rotational
speed of the drive sheave 5. For example, an encoder
is employed as the speed detector 15.
[0013] A control panel 16 is provided with a power con-
version device 17 such as an inverter for supplying power
to the motor 6, and an elevator control device 18. The
elevator control device 18 has a travel control portion 19
and a brake control portion 20. The travel control portion
19 controls the power conversion device 17 and the brake
control portion 20 in response to a signal from the speed
detector 15. The brake control portion 20 controls the
first brake device 9 and the second brake device 10 in
response to a command from the travel control portion
19 and a signal from the speed detector 15.
[0014] More specifically, when the car 1 is stopped at
a stop floor during normal operation, the brake control
portion 20 causes the first brake device 9 and the second
brake device 10 to perform braking operation to retain
the car 1 at rest. When a command to make a sudden
stop of the car 1 is issued, the brake devices 9 and 10
first cause the first brake device 9 to perform the braking
operation. When a deceleration (absolute value of a neg-
ative acceleration) of the car 1 after a lapse of a prede-
termined time is equal to or smaller than a predetermined
value, the brake devices 9 and 10 cause the second
brake device 10 to perform the braking operation.
[0015] In addition, when an emergency stop com-
mand, which has a higher degree of urgency than the
sudden stop command, is issued, the brake control por-
tion 20 immediately causes both the first brake device 9
and the second brake device 10 to perform braking op-
eration. The sudden stop command and the emergency
stop command are issued by a safety monitoring device
for monitoring the safety of the elevator apparatus or the
like, and input to the brake control portion 20.
[0016] The sudden stop command is issued when the
speed detector 15 has broken down, when the power
conversion device 17 has broken down, or when an ex-
cessive speed or the like of the car 1 has been detected.
That is, the sudden stop command is issued when the
motor 6 cannot be controlled but the brake devices 9 and
10 can be controlled. Accordingly, when the sudden stop
command is issued, the power supplied to the motor 6
is swiftly shut off. The emergency stop command is is-
sued when, for example, the car 1 has reached a terminal
end of the hoistway.
[0017] The elevator control device 18 is constituted by
a computer having a calculation processing portion
(CPU), a storage portion (a ROM, a RAM, a hard disk,

and the like), and signal input/output portions. The func-
tions of the travel control portion 19 and the brake control
portion 20 are realized by the computer. That is, pro-
grams for realizing the functions of the travel control por-
tion 19 and the brake control portion 20 are stored in the
storage portion of the computer.
[0018] Fig. 2 is a circuit diagram showing a control cir-
cuit of the first brake device 9 and the second brake de-
vice 10 of Fig. 1. The first brake release coil 12 and the
second brake release coil 14 are connected in parallel
with each other with respect to a power supply 21. A first
contact 22 is connected in series to the first brake release
coil 12. When the first contact 22 is closed, power is sup-
plied to the first brake release coil 12, so the first brake
device 9 is released. When the first contact 22 is opened,
the power supplied to the first brake release coil 12 is
shut off, so the first brake device 9 performs braking op-
eration.
[0019] A second contact 23 is connected in series to
the second brake release coil 14. When the second con-
tact 23 is closed, power is supplied to the second brake
release coil 14, so the second brake device 10 is re-
leased. When the second contact 23 is opened, the pow-
er supplied to the second brake release coil 14 is shut
off, so the second brake device 10 performs braking op-
eration.
[0020] A first diode 24 and a first electrical resistor 25
are connected in parallel to the first brake release coil
12. A circuit composed of the first diode 24 and the first
electrical resistor 25 protects the brake control portion
20 from a back electromotive force generated in the first
brake release coil 12 upon the opening of the first contact
22.
[0021] A second diode 26 and a second electrical re-
sistor 27 are connected in parallel to the second brake
release coil 14. A circuit composed of the second diode
26 and the second electrical resistor 27 protects the brake
control portion 20 from a back electromotive force gen-
erated in the second brake release coil 14 upon the open-
ing of the second contact 23.
[0022] Next, an operation will be described. Fig. 3 is a
flowchart showing an operation of the brake control por-
tion 20 of Fig. 1. The brake control portion 20 repeatedly
performs an operation shown in Fig. 3 on a predeter-
mined cycle.
[0023] The brake control portion 20 monitors whether
or not the car 1 is stopped (step S1), whether or not an
emergency stop command has been issued (step S2),
and whether or not a sudden stop command has been
issued (step S3). When the car 1 is stopped, the brake
control portion 20 sets a counter value to 0 (step S4).
When the emergency stop command has been issued,
the brake control portion 20 outputs a command to turn
the first contact 22 and the second contact 23 off (step
S5). When the car 1 is running and neither the emergency
stop command nor the sudden stop command has been
issued, the brake control portion 20 terminates the cur-
rent round of processings. That is, the brake control por-
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tion 20 allows the car 1 to keep running.
[0024] When the car 1 is running, the emergency stop
command has not been issued, and the sudden stop
command has been issued, the brake control portion 20
outputs a command to turn the first contact 22 off (step
S6), and applies 1 to the counter value (step S7). After
that, the brake control portion 20 determines whether or
not the counter value has reached a set value t1 that has
been set in advance, namely, whether or not a predeter-
mined time has elapsed after the outputting of the com-
mand to turn the first contact 22 off in response to the
sudden stop command (step S8). When the counter val-
ue has not reached the set value t1 (cnt < t1), the brake
control portion 20 terminates the current round of the
processings.
[0025] When the counter value has reached the set
value t1 (cnt ≥ t1), the brake control portion 20 determines
whether or not the acceleration of the car 1 is equal to or
larger than a threshold αL (step S9). In other words, the
brake control portion 20 determines whether or not the
deceleration of the car 1 is equal to or smaller than a
predetermined value. The acceleration of the car 1 can
be calculated by subjecting a speed calculated based on
a signal from the speed detector 15 to a differential
processing or a bypass filter processing.
[0026] When the acceleration of the car 1 is smaller
than the threshold αL (acceleration < αL), the brake con-
trol portion 20 terminates the current round of the
processing. That is, the brake control portion 20 contin-
ues the monitoring operation while holding the first con-
tact 22 open and the second contact 23 closed. When
the acceleration of the car 1 is equal to or larger than the
threshold αL, namely, when the deceleration of the car
1 is equal to or smaller than the predetermined value,
the brake control portion 20 outputs a command to turn
the second contact 23 off (step S10).
[0027] Fig. 4 is a timing chart showing a relationship
among the speed of the car, the acceleration of the car,
the state of the first contact 22, and the state of the second
contact 23 in the event of the issuance of a sudden stop
command during regenerative operation of the elevator
apparatus of Fig. 1. The speed is indicated on the as-
sumption that the traveling direction of the car 1 is posi-
tive. During regenerative operation of the elevator appa-
ratus, a gravitational acceleration acts in such a direction
that the car 1 cannot be stopped with ease, as in a case
where the car 1 is being raised with no load applied there-
to or a case where the car 1 is being lowered in a packed
state.
[0028] When a sudden stop command is issued at a
time point t0, the first contact 22 is opened immediately.
The power supplied to the motor 6 is shut off at this mo-
ment, so the speed of the car 1 is instantaneously in-
creased due to the gravitational acceleration before ac-
tual generation of a braking force by the first brake device
9. However, when the first brake shoe 11 is pressed
against the brake pulley 8 to generate the braking force,
the car 1 starts decelerating.

[0029]  After that, since the acceleration of the car 1 is
equal to or larger than the threshold αL at a time point
t1, the second contact 23 is opened, and a braking force
generated by the second brake device 10 is also applied.
As described above, the car 1 cannot be stopped with
ease during regenerative operation, so the deceleration
of the car 1 does not become excessive even when both
the first brake device 9 and the second brake device 10
are caused to perform braking operation.
[0030] Fig. 5 is a timing chart showing a relationship
among the speed of the car, the acceleration of the car,
the state of the first contact 22, and the state of the second
contact 23 in the event of the issuance of a sudden stop
command during power running operation of the elevator
apparatus of Fig. 1. During power running operation of
the elevator apparatus, the gravitational acceleration
acts in such a direction that the car 1 can be stopped with
ease, as in a case where the car 1 is being lowered with
no load applied thereto or a case where the car 1 is being
raised in a packed state.
[0031] When a sudden stop command is issued at the
time point t0, the first contact 22 is opened immediately.
The power supplied to the motor 6 is shut off at this mo-
ment, so the car 1 starts decelerating due to the gravita-
tional acceleration. After that, when the first brake shoe
11 is pressed against the brake pulley 8 to generate a
braking force, the deceleration of the car 1 further in-
creases.
[0032] The acceleration of the car 1 is smaller than the
threshold αL at the time point t1, so the monitoring of the
acceleration is continuously performed. When the accel-
eration of the car 1 has become equal to or larger than
the threshold αL at a time point t2, the second contact
23 is opened, and a braking force generated by the sec-
ond brake device 10 is also applied.
[0033] During power running operation, the elevator
apparatus is operated in such a direction that the car 1
can be stopped with ease. It is therefore possible to pre-
vent the deceleration of the car 1 from becoming exces-
sive and alleviate a feeling of discomfort of passengers
within the car 1 by monitoring the acceleration of the car
1 and decelerating the car 1 mainly with the aid of only
the braking force generated by the first brake device 9.
Further, the braking force generated by the second brake
device 10 is applied when the car 1 has decelerated suf-
ficiently. In stopping the car 1 completely, therefore, the
first brake 9 and the second brake 10 can bring the car
1 to a halt more reliably. That is, the elevator apparatus
according to Embodiment 1 can prevent the deceleration
of the car 1 from becoming excessive in the event of
issuance of a sudden stop command with a simple con-
figuration.
[0034]  In a case where a resin-coated rope having an
outer periphery portion coated with resin is employed as
the main rope 3, a large frictional force acts between the
main rope 3 and the drive sheave 5. Therefore, when the
deceleration of the car 1 becomes excessive, the main
rope 3 slips and the resin thereof may be damaged. How-
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ever, according to the configuration of Embodiment 1, no
excessive deceleration is generated, so the resin is pre-
vented from being damaged.
[0035] Fig. 6 is a timing chart showing a relationship
among the speed of the car 1, the acceleration of the car
1, the state of the first contact 22, and the state of the
second contact 23 in the event of the issuance of an
emergency stop command in the elevator apparatus of
Fig. 1. When the emergency stop command is issued at
the time point t1, the first contact 22 and the second con-
tact 23 are opened simultaneously and immediately.
Braking forces are thereby simultaneously generated by
the first brake device 9 and the second brake device 10,
so the car 1 is stopped swiftly.
[0036] For example, when the car 1 has reached the
terminal end of the hoistway, the first brake device 9 and
the second brake device 10 are caused to perform brak-
ing operation simultaneously. As a result, the car 1 can
be stopped under a smaller impact than in a case where
the car 1 has collided with a shock absorber (not shown)
installed at the terminal end.
[0037] In the foregoing example, the acceleration of
the car 1 is calculated from an output of the speed de-
tector 15 provided on the hoisting machine 4. However,
the acceleration of the car may be calculated from an
output of a speed detector provided at another location,
for example, on a speed governor or the car.
Further, in the foregoing example, the brake control por-
tion 20 is provided to perform some of the functions of
the elevator control device 18. However, the brake con-
trol portion 20 may be provided on another device, for
example, the safety monitoring device for monitoring the
safety of the elevator device.
Further, the brake control portion may be configured as
a device independent of the elevator control device and
the safety monitoring device.
Still further, the function of the brake control portion can
also be realized by an electrical circuit for processing
analog signals.
Further, in the foregoing example, the hoisting machine
4 is provided with the first brake device 9 and the second
brake device 10. However, the first brake device 9 and
the second brake device 10 may be provided at another
location. That is, the first brake device 9 and the second
brake device 10 may each be designed as, tor example,
a car brake mounted on the car, a rope brake for gripping
the main rope to brake the car, or the like.
Further, the first brake device and the second brake de-
vice may be disposed at different locations.
Still further, in the foregoing example, the two brake de-
vices 9 and 10 are employed. However, three or more
brake devices may be employed. In this case, the brake
devices may be divided into a first group and a second
group to perform a control operation similar to that of
Embodiment 1 of the present invention.

Claims

1. An elevator apparatus, comprising:

a car;
a first brake device and a second brake device
for braking running of the car; and
a brake control portion for controlling operations
of the first brake device and the second brake
device, wherein:
the brake control portion first causes the first
brake device to perform braking operation when
a sudden stop command for making a sudden
stop of the car is issued; and
the brake control portion causes the second
brake device to perform braking operation when
a deceleration of the car is equal to or smaller
than a predetermined value after a lapse of a
predetermined time.

2. An elevator apparatus according to Claim 1, wherein
the brake control portion immediately causes the first
brake device and the second brake device to perform
braking operation when an emergency stop com-
mand, which has a higher degree of urgency than
the sudden stop command, is issued.
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