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Description
Technical Field

[0001] The presentinvention relates to a brake system
for an elevator, which performs a braking operation for
stopping a car upon detection of an overspeed of the car.

Background Art

[0002] In a conventional elevator, there is proposed a
brake device for forcibly stopping a car when an over-
speed of the car is detected by overspeed detecting
means. A single-stage overspeed detection level higher
than a normal speed level of the car is set in the over-
speed detecting means. The overspeed detection level
continuously changes as the car is moved toward each
terminal of a hoistway. When a speed of the car becomes
equal to or higher than the overspeed detection level, the
overspeed detecting means detects an overspeed of the
car (see Patent Document 1).

[0003] Patent Document 1: JP 2004-123279 A

Disclosure of the Invention
Problem to be solved by the Invention

[0004] Inthe brake device forthe conventional elevator
configured as described above, however, only the single-
stage overspeed detection level is set in the overspeed
detecting means, so the same braking force is applied
to the car through the same operation regardless of dif-
ferences in conditions such as weight within the car and
a moving direction of the car when the overspeed detect-
ing means detects the overspeed of the car. Therefore,
in the case where an unbalance occurs between the car
side and a counterweight side and a force resulting from
the unbalance is directed in such a direction as to stop
the car, for example, where the car is being raised with
a large number of passengers aboard within the car, a
great shock may be caused to the car when the brake
device is operated.

[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 a brake system for
an elevator which makes it possible to reduce a shock
caused to a car upon operation of a brake device.

Means for solving the Problem

[0006] A brake system for an elevator according to the
present invention includes: a brake device capable of
performing a plurality of different braking operations, for
braking a car through performance of the braking oper-
ations; an safety gear that is operated when a speed of
the car reaches a preset emergency stop overspeed, for
preventing the car from falling; and a safety device having
set therein a plurality of overspeed levels corresponding
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to the braking operations, respectively, and being values
lower than the emergency stop overspeed based on a
position of the car, for causing the brake device to per-
form, when the speed of the car reaches each of the
overspeed levels, one of the braking operations which
corresponds to the overspeed level reached by the speed
of the car.

Brief Description of the Drawings
[0007]

Fig. 1 is a schematic diagram showing an elevator
according to Embodiment 1 of the present invention.
Fig. 2 is a graph showing the criterial data set in the
monitoring board of Fig. 1.

Fig. 3 is a flowchart showing a processing operation
of the safety device of Fig. 1.

Fig. 4 is a schematic diagram showing a brake sys-
tem for an elevator according to Embodiment 2 of
the present invention.

Fig. 5 is a graph showing the criterial data set in the
monitoring board of Fig. 4.

Fig. 6 is a flowchart showing a processing operation
of the safety device of Fig. 4.

Best Modes for carrying out the Invention

[0008] Preferred embodiments of the present inven-
tion will be described hereinafter with reference to the
drawings.

Embodiment 1

[0009] Fig. 1is a schematic diagram showing an ele-
vator according to Embodiment 1 of the present inven-
tion. Referring to Fig. 1, a car 2 that is traveled while
being guided by a car guide rail (not shown), and a coun-
terweight 3 that is traveled while being guided by a coun-
terweight guide rail (not shown) are provided within a
hoistway 1. A hoisting machine (drive device) 4 for
traveling the car 2 and the counterweight 3 is provided
in a lower portion within the hoistway 1. The hoisting ma-
chine 4 has a hoisting machine body 5 including a motor,
and a drive sheave 6 as a sheave that is rotated by the
hoisting machine body 5.

[0010] A plurality of main ropes 7 are looped around
the drive sheave 6. The car 2 and the counterweight 3
are suspended within the hoistway 1 by means of the
respective mainropes 7. The car 2 and the counterweight
3 are traveled through rotation of the drive sheave 6. That
is, the drive sheave 6 is rotated as the car 2 and the
counterweight 3 are moved.

[0011] The hoisting machine 4 is mounted with a brake
device 8 for braking the car 2 by braking rotation of the
drive sheave 6. The brake device 8 has a brake shoe
that is moved into contact with and away from the drive
sheave 6, an urging spring for urging the brake shoe in
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such a direction that the brake shoe comes into contact
with the drive sheave 6, and an electromagnet for moving
the brake shoe away from the drive sheave 6 against an
urging force of the urging spring through energization.
[0012] A pair of car suspending pulleys 9 are provided
on alower portion of the car 2. A counterweight suspend-
ing pulley 10 is provided on an upper portion of the coun-
terweight 3. A pair of car-side return pulleys 11, a coun-
terweight-side return pulley 12, a first suspension device
13, and a second suspension device 14 are provided in
an upper portion within the hoistway 1. One end 7a of
each of the main ropes 7 is connected to the first sus-
pension device 13. The other end 7b of each of the main
ropes 7 is connected to the second suspension device
14. Each of the main ropes 7 is looped, in a direction from
the one end 7a thereof to the other end 7b thereof, around
each of the car suspending pulleys 9, each of the car-
side return pulleys 11, the drive sheave 6, the counter-
weight-side return pulley 12, and the counterweight sus-
pending pulley 10 in the stated order.

[0013] The car 2 is mounted with an safety gear (not
shown) for preventing the car 2 from falling. The safety
gear brings a wedge (brakingmember) into contact with
the car guide rail to directly apply a braking force to the
car 2. The safety gear is operated through manipulation
of an actuating lever 15 protruding from the car 2.
[0014] A speed governor 16 for manipulating the ac-
tuating lever 15 is provided in the upper portion within
the hoistway 1. The speed governor 16 has a speed gov-
ernor sheave 17. A tension pulley 18 is provided in the
lower portion within the hoistway 1. A speed governor
rope 19 connected to the actuating lever 15 is looped
between the speed governor sheave 17 and the tension
pulley 18. Thus, the speed governor rope 19 is moved
together with the car 2, so the speed governor sheave
17 and the tension pulley 18 are rotated as the car 2 is
moved. The speed governor rope 19 is gripped by the
speed governor 16 when the speed of the car 2 becomes
equal to a predetermined overspeed (emergency stop
operation overspeed). The actuating lever 15 is manip-
ulated through the gripping of the speed governor rope
19 by the speed governor 16.

[0015] The speed governor 16 is provided with a gov-
ernor encoder (detector) 20 for generating a signal cor-
responding to rotation of the speed governor sheave 17.
An upper reference position sensor 21 and a lower ref-
erence position sensor 22, each of which generates a
detection signal when the car 2 is moved therepast, are
provided within the hoistway 1. The upper reference po-
sition sensor 21 and the lower reference position sensor
22 are disposed apart from each other in the moving di-
rection of the car 2. In this example, the upper reference
position sensor 21 is disposed in the upper portion within
the hoistway 1, and the lower reference position sensor
22 is disposed in the lower portion within the hoistway 1.
[0016] Information from the governor encoder 20, in-
formation from the upper reference position sensor 21,
and information from the lower reference position sensor
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22 are transmitted to a safety device 23. The safety de-
vice 23 controls the operation of the brake device 8 based
on the information from the governor encoder 20, the
information from the upper reference position sensor 21,
and the information from the lower reference position
sensor 22.

[0017] By being controlled by the safety device 23, the
brake device 8 can perform a plurality of different braking
operations. That is, the safety device 23 can control the
brake device 8 such that rotation of the drive sheave 6
is braked by different methods.

[0018] Inthis example, the brake device 8 can perform,
by being controlled by the safety device 23, afirst braking
operation for instantaneously applying a total braking
force of the brake device 8 to the drive sheave 6 and a
second braking operation for applying a braking force to
the drive sheave 6 while making an adjustment of the
braking force to absorb a shock caused to the car 2. That
is, the brake device 8 is controlled by the safety device
23 such that the car 2 is moved at a lower deceleration
when being braked through the second braking operation
than when being braked through the first braking opera-
tion.

[0019] As the second braking operation, it is possible
to mention, for example, a method of calculating a brake
torque for stopping the car 2 from a load (laden weight)
of the car 2 and a moving direction of the car 2 and sup-
plying the electromagnet of the brake device 8 with a
current corresponding to the calculated brake torque
through selection of an electric circuit, a method of se-
lecting those of a plurality of brake portions for braking
rotation of the drive sheave 6 which correspond in
number to a brake torque and causing only the selected
brake portions to operate, a method of changing the time
constant of the brake device 8 in accordance with a brake
torque, a method of changing the operation dead time of
the brake device 8, or the like.

[0020] The safety device 23 has a monitoring board
(monitoring portion) 24 for monitoring the position of the
car 2 and the speed of the car 2, and a brake control
board (brake control portion) 25 for controlling the brake
device 8 during the performance of the second braking
operation.

[0021] The monitoring board 24 calculates a position
ofthe car 2 and a speed of the car 2 based on information
fromthe governor encoder 20, information from the upper
reference position sensor 21, and information from the
lower reference position sensor 22. Criterial data (criterial
information) to be compared with the calculated position
of the car 2 and the calculated speed of the car 2 are set
beforehand in the monitoring board 24 to determine
whether or not an overspeed of the car 2 has been de-
tected. In addition, when an overspeed of the car 2 has
been detected through a comparison of the position of
the car 2 and the speed of the car 2 with the criterial data,
the monitoring board 24 selectively outputs an actuation
signal to the brake device 8 or the brake control board
25 in accordance with the level of the overspeed of the
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car 2.

[0022] The brake control board 25 performs control of
the second braking operation for the brake device 8 upon
receiving the actuation signal from the monitoring board
24.

[0023] The brake device 8 performs the first braking
operation upon receiving the actuation signal from the
monitoring board 24, and performs the second braking
operation by being controlled by the brake control board
25.

[0024] On a bottom within the hoistway 1, a car buffer
26 is disposed at a position below the car 2, and a coun-
terweight buffer 27 is disposed at a position below the
counterweight 3. An upper limit switch 28 that is actuated
when the car 2 reaches a preset upper-limit position is
disposed at a position above the upper reference position
sensor 21 within the hoistway 1, and a lower limit switch
29thatis actuated when the car 2 reaches a preset lower-
limit position is disposed at a position below the lower
reference position sensor 22 within the hoistway 1. Fur-
ther, the operation of the elevator is controlled by a control
device 30 provided within the hoistway 1.

[0025] Fig. 2 is a graph showing the criterial data set
in the monitoring board 24 of Fig. 1. As shown in Fig. 2,
the criterial data include a normal speed pattern 31 ac-
cording to which the speed of the car 2 during normal
operation is set based on the position of the car 2, a first
overspeed pattern 32 set at a higher level than the normal
speed pattern 31, and a second overspeed pattern 33
set at a higher level than the normal speed pattern 31.
In the criterial data, out of the first overspeed pattern 32
and the second overspeed pattern 33, the first overspeed
pattern 32 is set as the highest-level overspeed pattern.
[0026] The first overspeed pattern 32 is configured by
setting the speed (first overspeed level) of the car 2 in
causing the brake device 8 to perform the first braking
operation based on the position of the car 2. The second
overspeed pattern 33 is configured by setting the speed
(second overspeed level) of the car 2 in causing the brake
device 8 to perform the second braking operation based
on the position of the car 2.

[0027] The monitoring board 24 outputs an actuation
signal to the brake control board 25 when the speed of
the car 2 reaches the second overspeed pattern 33, and
outputs an actuation signal to the brake device 8 when
the speed of the car 2 reaches the first overspeed pattern
32. That is, the second overspeed pattern 33 corre-
sponds to the second braking operation, and the first
overspeed pattern 32 corresponds to the first braking op-
eration.

[0028] A constant-speed zone and a variable-speed
zone, which are adjacent to each other in the moving
direction of the car 2, are provided in the hoistway 1. The
variable-speed zone is located on a terminal side of the
hoistway 1 with respect to the constant-speed zone. The
constant-speed zone and the variable-speed zone are
adjacent to each other at a zone border position within
the hoistway 1.

10

15

20

25

30

35

40

45

50

55

[0029] The normal speed pattern 31 has a normal con-
stant speed pattern portion that assumes a constant val-
ue in the constant-speed zone, and a normal variable
speed pattern portion that continuously decreases as the
car 2 approaches the terminal of the hoistway 1 in the
variable-speed zone. The first overspeed pattern 32 has
a first constant overspeed pattern portion OS1 that is a
constant value in the constant-speed zone, and a first
variable overspeed pattern portion SETS1 that continu-
ously decreases as the car 2 approaches the terminal of
the hoistway 1 in the variable-speed zone. The second
overspeed pattern 33 has a second constant overspeed
pattern portion OS2 that assumes a constant value in the
constant-speed zone, and a second variable overspeed
pattern portion SETS2 that continuously decreases as
the car 2 approaches the terminal of the hoistway 1 in
the variable-speed zone.

[0030] The value of the first constant overspeed pat-
tern portion OS1 is 1.3 times the value of the normal
constant speed pattern portion. The first variable over-
speed pattern portion SETS1 has the value of a permis-
sible collision speed of the car buffer 26 as a lower limit.
[0031] Next, an operation will be described. Fig. 3is a
flowchart showing a processing operation of the safety
device 23 of Fig. 1. As shown in Fig. 3, information from
the governor encoder 20, information from the upper ref-
erence position sensor 21, and information from the lower
reference position sensor 22 are constantly transmitted
to the monitoring board 24 (S1). Thus, the monitoring
board 24 calculates a position of the car 2 and a speed
of the car 2 (S2). After that, it is determined in the mon-
itoring board 24 whether or not the calculated position of
the car 2 is within the variable-speed zone (S3).

[0032] When it is determined that the position of the
car 2 is outside the variable-speed zone, the monitoring
board 24 determines whether or not the calculated speed
of the car 2 is lower than the first constant overspeed
pattern portion OS1 (S4). When it is determined that the
speed of the car 2 is equal to or higher than the first
constant overspeed pattern portion OS1, an actuation
signal is output from the monitoring board 24 to the brake
device 8 (S5). Thus, the first braking operation of the
brake device 8 is performed (S6).

[0033] When itis determined that the speed of the car
2 is lower than the first constant overspeed pattern por-
tion OS1, the monitoring board 24 determines whether
or not the speed of the car 2 is lower than the second
constant overspeed pattern portion OS2 (S7). When itis
determined that the speed of the car 2is equal to or higher
than the second constant overspeed pattern portion OS2,
an actuation signal is output from the monitoring board
24 to the brake control board 25 (S8). Thus, the second
braking operation of the brake device 8 is performed
through the control performed by the brake control board
25 (S9). When it is determined that the speed of the car
2 is lower than the second constant overspeed pattern
portion OS2, the stopping of the outputting of an actuation
signal from the monitoring board 24 is continued (S10).
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[0034] On the other hand, when it is determined that
the position of the car 2 is within the variable-speed zone,
the monitoring board 24 determines whether or not the
calculated speed of the car 2 is lower than the first vari-
able overspeed pattern portion SETS1 (S11). When itis
determined that the speed of the car 2 is equal to or higher
than the first variable overspeed pattern portion SETS1,
an actuation signal is output from the monitoring board
24 tothe brake device 8 (S12). As aresult, thefirst braking
operation of the brake device 8 is performed (S13).
[0035] Whenitis determined that the speed of the car
2is lower than the first variable overspeed pattern portion
SETS1, the monitoring board 24 determines whether or
not the speed of the car 2 is lower than the second var-
iable overspeed pattern portion SETS2 (S14). When itis
determined that the speed of the car 2 is equal to or higher
than the second variable overspeed pattern portion
SETS2, an actuation signal is output from the monitoring
board 24 to the brake control board 25 (S15). Thus, the
second braking operation of the brake device 8 is per-
formed through the control performed by the brake con-
trol board 25 (S16). When it is determined that the speed
of the car 2 is lower than the second variable overspeed
pattern portion SETS2, the stopping of the outputting of
an actuation signal from the monitoring board 24 is con-
tinued (S17).

[0036] The emergency stop operation overspeed s set
higher than the first overspeed pattern 32. Accordingly,
when the speed of the car 2 further rises for some reason
even after the performance of the first braking operation
of the brake device 8 and then reaches the emergency
stop operation overspeed, the speed governor rope 19
is gripped by the speed governor 16, and the safety gear
is operated.

[0037] Inthe brake system for the elevator configured
as described above, the first overspeed pattern and the
second overspeed pattern, which are different from each
other, are set in the safety device 23, and the safety de-
vice 23 causes the brake device 8 to perform the first
braking operation when the speed of the car 2 reaches
the first overspeed pattern, and causes the brake device
8 to perform the second braking operation when the
speed of the car 2 reaches the second overspeed pattern.
It is therefore possible to select a suitable one of the
different braking operations in accordance with the level
of the overspeed of the car 2. Thus, itis possible to grad-
ually increase the braking force applied to the drive
sheave 6 before a shift in the overspeed of the car 2 from
a low level to a high level, and hold the deceleration of
the car 2 low. Accordingly, it is possible to reduce a shock
caused to the car 2 upon operation of the brake device 8.
[0038] Inthefirstbraking operation, whichis performed
when the speed of the car 2 reaches the first overspeed
pattern 32 at the highest level, a total braking force of the
brake device 8 is instantaneously applied to the drive
sheave 6. In the second braking operation, which is per-
formed when the speed of the car 2 reaches the second
overspeed pattern 33 lower than the first overspeedpat-
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tern 32, an adjustment of a braking force is made to ab-
sorb a shock caused to the car 2. It is therefore possible
to hold the deceleration of the car 2 lower when the over-
speed ofthe car2is atalowlevel. As aresult, itis possible
to further reduce a shock caused to the car 2.

[0039] Inthe foregoing example, the position of the car
2 and the speed of the car 2 are calculated based on
information from the governor encoder 20 for generating
a signal corresponding to rotation of the speed governor
sheave 17. However, it is also appropriate to provide the
hoisting machine 4 with a hoisting machine encoder for
generating a signal corresponding to rotation of the drive
sheave 6, and calculate a position of the car 2 and a
speed of the car 2 based on information from the hoisting
machine encoder. The speed of the car 2 to be compared
with the first overspeed pattern 32 and the speed of the
car 2 to be compared with the second overspeed pattern
33 may be calculated based on information from different
encoders, for example, the governor encoder 20 and the
hoisting machine encoder. It is also possible to provide
an acceleration sensor within the car 2 or use a signal
from an existing weighing device.

Embodiment 2

[0040] Fig. 4 is a schematic diagram showing a brake
system for an elevator according to Embodiment 2 of the
present invention. Referring to Fig. 4, the hoisting ma-
chine 4 is mounted with a brake device 41 for braking
rotation of the drive sheave 6. The brake device 41 has
a first braking portion 42, a second braking portion 43, a
third braking portion 44, and a fourth braking portion 45
(a plurality of braking portions), which are disposed at
intervals between each other in a direction of rotation of
the drive sheave 6. Each of the first braking portion 42,
the second braking portion 43, the third braking portion
44, and the fourth braking portion 45 has a brake shoe
that is moved into contact with and away from the drive
sheave 6, an urging spring for urging the brake shoe in
a direction in which the brake shoe comes into contact
with the drive sheave 6, and an electromagnet for moving
the brake shoe away from the drive sheave 6 against an
urging force of the urging spring through energization.
Brake torques generated by the first braking portion 42,
the second braking portion 43, the third braking portion
44, and the fourth braking portion 45 are equal to one
another.

[0041] By selectively causing the first braking portion
42, the second braking portion 43, the third braking por-
tion 44, and the fourth braking portion 45 to operate, the
brake device 41 performs different braking operations,
namely, a first braking operation, a second braking op-
eration, a third braking operation, and a fourth braking
operation (a plurality of braking operations), respectively.
That is, the first braking operation is performed by caus-
ing only the first braking portion 42 to operate, the second
braking operation is performed by causing the second
braking portion 43 to operate while holding the first brak-
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ing portion 42 in operation, the third braking operation is
performed by causing the third braking portion 44 to op-
erate while holding the first braking portion 42 and the
second braking portion 43 in operation, and the fourth
braking operation is performed by causing the fourth
braking portion 45 to operate while holding the first to
third braking portions 42 to 44 in operation.

[0042] The safety device 23 has the monitoring board
24. The monitoring board 24 calculates a position of the
car 2 and a speed of the car 2 based on information from
the governor encoder 20, information from the upper ref-
erence position sensor 21, and information from the lower
reference position sensor 22. Criterial data (criterial in-
formation) to be compared with the calculated position
of the car 2 and the calculated speed of the car 2 are set
beforehand in the monitoring board 24 to determine
whether or not an overspeed of the car 2 has been de-
tected. In addition, upon detecting an overspeed of the
car 2 through a comparison of the position of the car 2
and the speed of the car 2 with the criterial data, the
monitoring board 24 selectively outputs an actuation sig-
nal to one of the first braking portion 42, the second brak-
ing portion 43, the third braking portion 44, and the fourth
braking portion 45 in accordance with the level of the
overspeed of the car 2.

[0043] Each of the first braking portion 42, the second
braking portion 43, the third braking portion 44, and the
fourth braking portion 45 operates upon receiving the ac-
tuation signal from the monitoring board 24. That is, in
each of the first braking portion 42, the second braking
portion 43, the third braking portion 44, and the fourth
braking portion 45 which has received the actuation sig-
nal from the monitoring board 24, the electromagnet is
stopped from being energized, so the brake shoe comes
into contact with the drive sheave 6 due to an urging force
of the urging spring.

[0044] Fig. 5 is a graph showing the criterial data set
in the monitoring board 24 of Fig. 4. As shown in Fig. 5,
the criterial data include the normal speed pattern 31, a
first overspeed pattern 46, a second overspeed pattern
47, athird overspeed pattern 48, and a fourth overspeed
pattern 49. Each of the first overspeed pattern 46, the
second overspeed pattern 47, the third overspeed pat-
tern 48, and the fourth overspeed pattern 49 is set at a
higher level than the normal speed pattern 31. In the cri-
terial data, among the first to fourth overspeed patterns
46 to 49, the first overspeed pattern 46 is set as the high-
est-level overspeed pattern, and the second overspeed
pattern 47, the third overspeed pattern 48, and the fourth
overspeed pattern 49 are set so as to descend in level
in the stated order.

[0045] Thefirstoverspeed pattern46, the second over-
speed pattern 47, the third overspeed pattern 48, and
the fourth overspeed pattern 49 have the first constant
overspeed pattern portion OS1, the second constant
overspeed pattern portion OS2, a third constant over-
speed pattern portion OS3, and a fourth constant over-
speed pattern portion OS4, respectively, and the first var-
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iable overspeed pattern portion SETS1, the second var-
iable overspeed pattern portion SETS2, a third variable
overspeed pattern portion SETS3, and a fourth variable
overspeed pattern portion SETS4, respectively. Each of
the first to fourth constant overspeed pattern portions
0OS1 to OS4 assumes a constant value in a constant-
speed zone. Each of the first to fourth variable overspeed
pattern portions SETS1 to SETS4 continuously decreas-
es as the car 2 approaches a terminal of the hoistway 1
in a variable-speed zone.

[0046] An actuation signal from the monitoring board
24 is output to the first braking portion 42 when the speed
of the car 2 reaches the fourth overspeed pattern 49, to
the second braking portion 43 when the speed of the car
2 reaches the third overspeed pattern 48, to the third
braking portion 44 when the speed of the car 2 reaches
the second overspeed pattern 47, and to the fourth brak-
ing portion 45 when the speed of the car 2 reaches the
first overspeed pattern 46. In other words, it is set be-
forehand in the monitoring board 24 to which one of the
first braking portion 42, the second braking portion 43,
the third braking portion 44, and the fourth braking portion
45 the actuation signal is to be output, in accordance with
the first overspeed pattern 46, the second overspeed pat-
tern 47, the third overspeed pattern 48, and the fourth
overspeed pattern 49. Embodiment 2 of the present in-
vention is identical to Embodiment 1 of the present in-
vention in other structural details.

[0047] Next, an operation will be described. Fig. 6 is a
flowchart showing a processing operation of the safety
device 23 of Fig. 4. As shown in Fig. 6, information from
the governor encoder 20, information from the upper ref-
erence position sensor 21, and information from the lower
reference position sensor 22 are constantly transmitted
to the monitoring board 24 (S21). Thus, the monitoring
board 24 calculates a position and a speed of the car 2
(S22). After that, it is determined in the monitoring board
24 whether or not the calculated position of the car 2 is
within the constant-speed zone (S23).

[0048] When it is determined that the position of the
car 2 is within the constant-speed zone, the monitoring
board 24 determines whether or not the calculated speed
of the car 2 is equal to or higher than the fourth constant
overspeed pattern portion OS4 (S24). When it is deter-
mined that the speed of the car 2 is lower than the fourth
constant overspeed pattern portion OS4, no actuation
signal is output from the monitoring board 24 to the first
braking portion 42, so the first braking portion 42 is not
operated (S25).

[0049] When itis determined that the speed of the car
2 is equal to or higher than the fourth constant overspeed
pattern portion OS4, an actuation signal is output from
the monitoring board 24 to the first braking portion 42.
Thus, the first braking portion 42 is operated (S26), so
the first braking operation of the brake device 41 is per-
formed.

[0050] After that, the monitoring board 24 determines
whether or not the speed of the car 2 is equal to or higher
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than the third constant overspeed pattern portion OS3
(S27). When it is determined that the speed of the car 2
is lower than the third constant overspeed pattern portion
0S3, no actuation signal is output from the monitoring
board 24 to the second braking portion 43, so the second
braking portion 43 is not operated (S28).

[0051] When itis determined that the speed of the car
2 is equal to or higher than the third constant overspeed
pattern portion OS3, an actuation signal is output from
the monitoring board 24 to the second braking portion
43. Thus, the second braking portion 43 is operated
(S29), so the second braking operation of the brake de-
vice 41 is performed.

[0052] After that, the monitoring board 24 determines
whether or not the speed of the car 2 is equal to or higher
than the second constant overspeed pattern portion OS2
(S30). When it is determined that the speed of the car 2
is lower than the second constant overspeed pattern por-
tion OS2, no actuation signal is output from the monitor-
ing board 24 to the third braking portion 44, so the third
braking portion 44 is not operated (S31).

[0053] When itis determined that the speed of the car
2 is equal to or higher than the second constant over-
speed pattern portion OS2, an actuation signal is output
from the monitoring board 24 to the third braking portion
44. Thus, the third braking portion 44 is operated (S32),
so the third braking operation of the brake device 41 is
performed.

[0054] After that, the monitoring board 24 determines
whether or not the speed of the car 2 is equal to or higher
than the first constant overspeed pattern portion OS1
(S33). When it is determined that the speed of the car 2
is lower than the first constant overspeed pattern portion
0OS1, no actuation signal is output from the monitoring
board 24 to the fourth braking portion 45, so the fourth
braking portion 45 is not operated (S34).

[0055] Whenitis determined that the speed of the car
2 is equal to or higher than the first constant overspeed
pattern portion OS1, an actuation signal is output from
the monitoring board 24 to the fourth braking portion 45.
Thus, the fourth braking portion 45 is operated (S35), so
the fourth braking operation of the brake device 41 is
performed.

[0056] On the other hand, when it is determined that
the position of the car 2 is outside the constant-speed
zone, the monitoring board 24 determines whether or not
the calculated speed of the car 2 is equal to or higher
than the fourth variable overspeed pattern portion SETS4
(S36). When it is determined that the speed of the car 2
is lower than the fourth variable overspeed pattern por-
tion SETS4, no actuation signal is output from the mon-
itoring board 24 to the first braking portion 42, so the first
braking portion 42 is not operated (S37).

[0057] When itis determined that the speed of the car
2 is equal to or higher than the fourth variable overspeed
pattern portion SETS4, an actuation signal is output from
the monitoring board 24 to the first braking portion 42.
Thus, the first braking portion 42 is operated (S38), so
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the first braking operation of the brake device 41 is per-
formed.

[0058] After that, the monitoring board 24 determines
whether or not the speed of the car 2 is equal to or higher
than the third variable overspeed pattern portion SETS3
(S39). When it is determined that the speed of the car 2
is lower than the third variable overspeed pattern portion
SETS3, no actuation signal is output from the monitoring
board 24 to the second braking portion 43, so the second
braking portion 43 is not operated (S40).

[0059] When itis determined that the speed of the car
2 is equal to or higher than the third variable overspeed
pattern portion SETS3, an actuation signal is output from
the monitoring board 24 to the second braking portion
43. Thus, the second braking portion 43 is operated
(S41), so the second braking operation of the brake de-
vice 41 is performed.

[0060] After that, the monitoring board 24 determines
whether or not the speed of the car 2 is equal to or higher
than the second variable overspeed pattern portion
SETS2 (S42). When it is determined that the speed of
the car 2 is lower than the second variable overspeed
pattern portion SETS2, no actuation signal is output from
the monitoring board 24 to the third braking portion 44,
so the third braking portion 44 is not operated (S43).
[0061] Whenitis determined that the speed of the car
2isequaltoorhigherthanthe second variable overspeed
pattern portion SETS2, an actuation signal is output from
the monitoring board 24 to the third braking portion 44.
Thus, the third braking portion 44 is operated (S44), so
the third braking operation of the brake device 41 is per-
formed.

[0062] After that, the monitoring board 24 determines
whether or not the speed of the car 2 is equal to or higher
than the first variable overspeed pattern portion SETS1
(S45). When it is determined that the speed of the car 2
is lower than the first variable overspeed pattern portion
SETS1, no actuation signal is output from the monitoring
board 24 to the fourth braking portion 45, so the fourth
braking portion 45 is not operated (S46).

[0063] When itis determined that the speed of the car
2 is equal to or higher than the first variable overspeed
pattern portion SETS1, an actuation signal is output from
the monitoring board 24 to the fourth braking portion 45.
Thus, the fourth braking portion 45 is operated (S47), so
the fourth braking operation of the brake device 41 is
performed.

[0064] In the brake system for the elevator configured
as described above, the brake device 41 has the first
braking portion 42, the second braking portion 43, the
third braking portion 44, and the fourth braking portion
45, which are selectively operated when the first braking
operation, the second braking operation, the third braking
operation, and the fourth braking operation are per-
formed, respectively. It is set beforehand in the safety
device 23 in accordance with the four braking operations
which one of the four braking portions 42 to 45 is to be
selected. It is therefore possible to cause the brake de-
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vice 41 to perform the different braking operations in ac-
cordance with the level of the overspeed of the car 2 with
a simple configuration. Accordingly, it is possible to hold
the deceleration of the car 2 low, and reduce a shock
caused to the car 2 upon operation of the brake device 41.
[0065] In each of the foregoing embodiments of the
present invention, the brake device 8 or 41 mounted on
the hoisting machine 4 can perform the plurality of the
different braking operations. However, it is also appro-
priate to allow a rail grip brake for gripping the car guide
rail to hold the car 2 or a rope brake for gripping the main
ropes 7 to brake the car 2 to perform a plurality of braking
operations.

Claims
1. A brake system for an elevator, comprising:

a brake device capable of performing a plurality
of different braking operations, for braking a car
through performance of the braking operations;
an safety gear that is operated when a speed of
the car reaches a preset emergency stop over-
speed, for preventing the car from falling; and
a safety device having set therein a plurality of
overspeed levels corresponding to the braking
operations, respectively, and being values lower
than the emergency stop overspeed based on
a position of the car, for causing the brake device
to perform, when the speed of the car reaches
each of the overspeed levels, one of the braking
operations which corresponds to the overspeed
level reached by the speed of the car.

2. A brake system for an elevator according to Claim
1, wherein:

the brake device instantaneously applies a total
braking force to a sheave in the one of the brak-
ing operations which is performed when the
speed of the car reaches a highest one of the
overspeed levels; and

the braking force is adjusted to absorb a shock
caused tothe carinthe braking operations which
are performed when the speed ofthe caris lower
than the highest one of the overspeed levels.

3. A brake system for an elevator according to Claim
1, wherein:

the brake device has a plurality of braking por-
tions that are selectively operated when the re-
spective braking operations are performed; and
the safety device has set therein beforehand
which one of the braking portions is to be select-
ed, in accordance with the respective braking
operations.
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FIG. 1
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FIG. 3
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FIG. 6
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