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(54) ELEVATOR APPARATUS

(57)  Inanelevator apparatus, a brake control device
comprises: a first brake control portion for operating a
brake device upon detection of an abnormality to stop a
car as an emergency measure; and a second brake con-
trol portion for reducing a braking force of the brake de-
vice when a deceleration of the car becomes equal to or
higher than a threshold value at a time of an emergency
braking operation of the first brake control portion. The

second brake control portion includes a first calculation
portion and a second calculation portion, each independ-
ently executing an operation of reducing the braking force
of the brake device by calculation processing. The
threshold value is set in the first calculation portion to
vary according to a car position, and the threshold value
is set in the second calculation portion as in a case of
the first calculation portion.
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Description
Technical Field

[0001] The presentinvention relates to an elevator ap-
paratus including a brake control device capable of con-
trolling a deceleration of a car at a time of emergency
braking.

Background Art

[0002] In a conventional brake device for an elevator,
a braking force of an electromagnetic brake is controlled
at a time of emergency braking so that a deceleration of
a car becomes equal to a predetermined value, based
on a deceleration command value and a speed signal
(for example, see Patent Document 1).

[0003] Moreover, in a conventional elevator appara-
tus, if the car is running toward a terminal landing in prox-
imity of the terminal landing at a time of issuance of an
emergency stop command, the car is decelerated swiftly
at a high deceleration to be stopped. At the time of issu-
ance of the emergency stop command, the car is decel-
erated at a sufficiently low deceleration to be stopped
except for a case where the car is running toward the
terminal landing in the proximity thereof (for example,
see Patent Document 2).

[0004]

Patent Document 1: JP 07-157211 A
Patent Document 2: JP 2006-306517 A

Disclosure of the Invention
Problems to be Solved by the Invention

[0005] In the conventional brake device described in
Patent Document 1, both a basic operation of emergency
braking and an operation of controlling the braking force
are performed by a single brake control unit. Therefore,
when the deceleration of the car becomes excessively
high due to a malfunction in the brake control unit or the
like, passengers feel uncomfortable. On the contrary,
when the deceleration of the car becomes excessively
low, a braking distance of the car becomes longer. Fur-
ther, in the case of the conventional elevator apparatus
described in Patent Document 2, the deceleration of the
car at the time of emergency stop intermittently changes
depending on a position of the car. Therefore, a great
difference is generated in riding comfort at the time of
emergency stop between the proximity of the terminal
landing and a middle landing.

[0006] The presentinvention has been made to solve
the above-mentioned problems, and has an object of ob-
taining an elevator apparatus that makes it possible to
stop a car more reliably even in event of a malfunction
in a deceleration control portion and to prevent genera-
tion of a great difference in riding comfort at the time of
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emergency stop depending on the position of the car.
Means for Solving the Problems

[0007] An elevator apparatus according to the present
invention comprises: a hoisting machine including a drive
sheave and a motor for rotating the drive sheave; sus-
pension means wound around the drive sheave; a car
suspended by the suspension means to be raised and
lowered by the hoisting machine; a brake device for brak-
ing running of the car; and a brake control device for
controlling the brake device, wherein: the brake control
device includes: afirst brake control portion for operating
the brake device upon detection of an abnormality to stop
the car as an emergency measure; and a second brake
control portion for reducing a braking force of the brake
device when a deceleration of the car becomes equal to
or higher than athreshold value ata time of an emergency
braking operation of the first brake control portion; the
second brake control portion includes a first calculation
portion and a second calculation portion, each independ-
ently executing an operation of reducing the braking force
of the brake device by calculation processing; the thresh-
old value is set in the first calculation portion to vary ac-
cording to a car position; and the threshold value is set
in the second calculation portion as in a case of the first
calculation portion.

Brief Description of the Drawings
[0008]

FIG. 1 is a configuration diagram illustrating an ele-
vator apparatus according to a first embodiment of
the present invention.

FIG. 2 is a circuit diagram illustrating a brake control
device illustrated in FIG. 1.

FIG. 3is aflowchartillustrating a deceleration control
operation of each of first and second calculation por-
tions illustrated in FIG. 2.

FIG. 4 is an explanatory diagram illustrating how a
speed of a car, a deceleration of the car, a current
of a brake coil, a state of each of electromagnetic
relays, and a state of each of deceleration control
switches change with time in a case where the car
decelerates immediately after issuance of an emer-
gency stop command.

FIG. 5is a flowchart illustrating an abnormality diag-
nosis operation of each of the first and second cal-
culation portions illustrated in FIG. 2.

FIG. 6 is a graph illustrating a relation between first
and second threshold values of the deceleration of
the car, which are set in each of the first and second
calculation portions illustrated in FIG. 2, and a posi-
tion of the car.

FIG. 7 isagraphillustrating an overspeed monitoring
pattern setin each of third and fourth calculation por-
tions illustrated in FIG. 2.
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FIG. 8 is a circuit diagram illustrating a brake control
device of an elevator apparatus according to a sec-
ond embodiment of the present invention.

FIG. 9is a flowchart illustrating an operation of each
of first and second calculation portions illustrated in
FIG. 8.

FIG. 10is acircuit diagramillustrating a brake control
device of an elevator apparatus according to a third
embodiment of the present invention.

Best Mode for Carrying Out the Invention

[0009] Preferred embodiments of the present inven-
tion are described hereinafter with reference to the draw-
ings.

First Embodiment

[0010] FIG. 1 is a schematic diagram illustrating an
elevator apparatus according to a first embodiment of
the present invention. In FIG. 1, a car 1 and a counter-
weight 2, which are suspended within a hoistway by a
main rope 3 as suspension means, are raised/lowered
within the hoistway due to a driving force of a hoisting
machine 4.

[0011] The hoisting machine 4 has a drive sheave 5
around which the main rope 3 is wound, a hoisting ma-
chine motor 6 for rotating the drive sheave 5, and a brake
device 7 for braking rotation of the drive sheave 5. The
brake device 7 includes a brake drum (brake wheel) 8
connected to the same shaft to which the drive sheave
5 is connected, a brake shoe 9 which is moved into con-
tact with and away from the brake drum, a brake spring
for pressing the brake shoe 9 against the brake drum 8
to apply a braking force to the brake drum 8, and an
electromagnetic magnet for separating the brake shoe 9
away from the brake drum 8 against the brake spring to
release the braking force.

[0012] The hoisting machine motor 6 is provided with
a hoisting machine encoder portion 10 for generating a
signal according to a rotational speed of a rotary shaft of
the hoisting machine motor, that is, a rotational speed of
the drive sheave 5. The hoisting machine encoder portion
10 includes a first hoisting machine encoder 10a and a
secondhoistingmachine encoder 10b (FIG. 2), each for
generating an independent detection signal.

[0013] In the proximity of a top terminal landing of the
hoistway, a top hoistway switch 11 is provided. In the
proximity of a bottom terminal landing of the hoistway, a
bottom hoistway switch 12 is provided. Each of the hoist-
way switches 11 and 12 is used as a position correction
switch for detecting an absolute position of the car 1 to
correct car position information. An operation cam 13 for
operating the hoistway switches 11 and 12 is mounted
to the car 1.

[0014] Atabottom (in a pit) of the hoistway, a car buffer
14 and a counterweight buffer 15 are provided. The car
buffer 14 is located immediately below the car 1, whereas
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the counterweight buffer 15 is located immediately below
the counterweight 2.

[0015] In an upper part of the hoistway, a governor
sheave 16 is provided. In a lower part of the hoistway, a
tension sheave 17 is provided. A governor rope (over-
speed detection rope) 18 is wound around the governor
sheave 16 and the tension sheave 17. Both ends of the
governor rope 18 are connected to the car 1. The gov-
ernor rope 18 is made to circulate along with the lowering/
raising of the car 1. As a result, the governor sheave 16
and the tension sheave 17 are rotated at a speed accord-
ing to a running speed of the car 1.

[0016] The governor sheave 16 is provided with a gov-
ernor encoder portion 19 for generating a signal accord-
ing to a rotational speed of the governor sheave 16, that
is, a speed of the car 1. The governor encoder portion
19 includes a first governor encoder 19a and a second
governor encoder 19b (FIG. 10), each for generating an
independent detection signal.

[0017] The brake device 7 is controlled by a brake con-
trol device 20. Signals from the hoisting machine encoder
portion 10, the hoistway switches 11 and 12, and the
governor encoder portion 19 are input to the brake control
device 20. A signal according to a current of the electro-
magnetic magnet of the brake device 7 is also input to
the brake control device 20.

[0018] The brake control device 20 controls a braking
force of the brake device 7 in response to the signal from
the hoisting machine encoder portion 10 and the current
signal of the electromagnetic magnet. Moreover, for
emergency stop of the car 1, the brake control device 20
controls the braking force of the brake device 7 to prevent
a deceleration of the car 1 from being excessively large.
[0019] Next, FIG. 2 is a circuit diagram illustrating the
brake control device 20 of FIG. 1. The brake control de-
vice 20 has a first brake control portion 21 and a second
brake control portion 22 that control the brake device 7
independently of each other, and an overspeed monitor-
ing portion 23.

[0020] The electromagnet of the brake device 7 is pro-
vided with a brake coil (electromagnetic coil) 24. By caus-
ing a current to flow through the brake coil 24, the elec-
tromagnet is excited to generate an electromagnetic
force for canceling the braking force of the brake device
7, whereby the brake shoe 9 is opened away from the
brake drum 8. By shutting off supply of a current to the
brake coil 24, excitation of the electromagnet is canceled,
whereby the brake shoe 9 is pressed against the brake
drum 8 due to a spring force of the brake spring. In ad-
dition, by controlling a value of the current flowing through
the brake coil 24, the braking force of the brake device
7 can be controlled.

[0021] A circuit in which a discharge resistor 25 and a
first discharge diode 26 are connected in series is con-
nected in parallel to the brake coil 24. A second discharge
diode 31 is connected in parallel to the brake coil 24 at
both ends thereof via a first electromagnetic relay 27a
and a second electromagnetic relay 27b, and a third elec-
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tromagnetic relay 29e1 and a fourth electromagnetic re-
lay 29e2, respectively. The third and fourth electromag-
netic relays 29e1 and 29e2 are normally-closed relays.
[0022] The third electromagnetic relay 29e1 is con-
nected in series to the first electromagnetic relay 27a.
The fourth electromagnetic relay 29e2 is connected in
series to the second electromagnetic relay 27b. The
brake coil 24 is connected on the first electromagnetic
relay 27a side and the third electromagnetic relay 29e1
side thereof to a power supply. The brake coil 24 is con-
nected on the second electromagneticrelay 27b side and
the fourth electromagnetic relay 29e2 side thereof to a
ground via a brake switch 32. A semiconductor switch is
employed as the brake switch 32.

[0023] The turning ON/OFF of the brake switch 32 is
controlled by a brake determination portion 33. In raising/
lowering the car 1, the brake determination portion 33
turns the brake switch 32 ON to energize the brake coll
24, thereby canceling the braking force of the brake de-
vice 7. In stopping the car 1, the brake determination
portion 33 turns the brake switch 32 OFF to deenergize
the brake coil 24, thereby causing the brake device 7 to
generate the braking force (to hold the car 1 stationary).
[0024] Further, when some abnormality is detected in
the elevator apparatus, the brake determination portion
33 turns the brake switch 32 OFF and opens the electro-
magnetic relays 27a and 27b, thereby deenergizing the
brake coil 24 and causing the brake device 7 to perform
braking operation. Thus, the car 1 is stopped as an emer-
gency measure. After the electromagnetic relays 27a and
27b are opened, the discharge resistor 25 and the first
discharge diode 26 swiftly reduce an induction current
flowing through the brake coil 24 to precipitate generation
of the braking force.

[0025] Afunction of the brake determination portion 33
is realized by, for example, a first microcomputer provid-
ed in an elevator control device for controlling traveling
of the car 1. That is, a program for realizing the function
of the brake determination portion 33 is stored in the first
microcomputer.

[0026] Thefirst brake control portion (main control por-
tion) 21 includes the electromagnetic relays 27a, 27b,
29e1, and 29e2, the second discharge diode 31, the
brake switch 32, and the brake determination portion 33.
[0027] The current flowing through the brake coil 24 is
detected by a first current detector 34 and a second cur-
rent detector 35. A first car position detecting portion 38
includes the first governor encoder 19a and the hoistway
switches 11 and 12. A second car position detecting por-
tion 39 includes the second governor encoder 19b and
the hoistway switches 11 and 12.

[0028] An endpoint node between the brake coil 24
and the first electromagnetic relay 27a is connected to
the power supply via a circuit in which a fifth electromag-
netic relay 29a1 and a sixth electromagnetic relay 29b1
are connected in series. An endpoint node between the
brake coil 24 and the second electromagnetic relay 27b
is connected to the ground via a circuit in which a seventh
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electromagnetic relay 29a2, an eighth electromagnetic
relay 29b2, a first deceleration control switch 42, and a
second deceleration control switch 43 are connected in
series.

[0029] A third discharge diode 44 is connected in par-
allel to a circuit in which the fifth electromagnetic relay
29a1, the sixth electromagnetic relay 29b1, the brake coil
24, the seventh electromagnetic relay 29a2, and the
eighth electromagnetic relay 29b2 are connected in se-
ries.

[0030] The first deceleration control switch 42 and the
second deceleration control switch 43 each are switches
for controlling the deceleration of the car 1 at the time of
emergency braking of the car 1. Semiconductor switches
are employed as the deceleration control switches 42
and 43. The deceleration control performed by the first
deceleration control switch 42 and the second deceler-
ation control switch 43 is validated when all the electro-
magnetic relays 29al, 29b1, 29a2, and 29b2 are closed,
and is invalidated when any one of the electromagnetic
relays 29a1, 29b1, 29a2, and 29b2 is open.

[0031] The turning ON/OFF of the first deceleration
control switch 42 is controlled by a first calculation portion
45, The first calculation portion 45 calculates a position
y[m] of the car, a speed V[m/s] of the car, and a decel-
eration y[m/s?] of the car based on the signals from the
first and second encoders 10a and 10b and signals from
the first and second car position detecting portions 38
and 39. The first calculation portion 45 controls the turn-
ing ON/OFF of the first deceleration control switch 42
based on the position of the car, the speed of the car,
the deceleration of the car, and the current value of the
brake coil 24. Thefirst calculation portion 45 is constituted
by a second microcomputer.

[0032] Theturning ON/OFF ofthe second deceleration
control switch 43 is controlled by a second calculation
portion 46. The second calculation portion 46 calculates
the position y[m] of the car, the speed V[m/s] of the car,
and the deceleration y{m/s2] of the car independently of
the first calculation portion 45 based on the signals from
the first and second encoders 10a and 10b and the sig-
nals from the first and second car position detecting por-
tions 38 and 39. The second calculation portion 46 also
controls the turning ON/OFF of the second deceleration
control switch 43 based on the position of the car, the
speed of the car, the deceleration of the car, and the
current value of the brake coil 24. The second calculation
portion 46 is constituted by a third microcomputer.
[0033] A two-port RAM 47 is connected between the
first calculation portion 45 and the second calculation por-
tion 46. A deceleration control determination portion 48
has the first calculation portion 45, the second calculation
portion 46, and the two-port RAM 47.

[0034] The fifth electromagnetic relay 29a1 and the
seventh electromagnetic relay 29a2 are opened/closed
by a first drive coil 49a. A first drive coil control switch 50
for turning ON/OFF the supply of a current to the first
drive coil 49a is connected between the first drive coll



7 EP 2 147 883 A1 8

49a and the ground. A semiconductor switch is employed
as the first drive coil control switch 50. The turning
ON/OFF of the first drive coil control switch 50 is control-
led by the first calculation portion 45.

[0035] The sixth electromagnetic relay 29b1 and the
eighth electromagnetic relay 29b2 are opened/closed by
a second drive coil 49b. A second drive coil control switch
51 for turning ON/OFF the supply of a current to the sec-
ond drive coil 49b is connected between the second drive
coil 49b and the ground. A semiconductor switch is em-
ployed as the second drive coil control switch 51. The
turning ON/OFF of the second drive coil control switch
51 is controlled by the second calculation portion 46.
[0036] A ninth electromagnetic relay 29a3 that is
opened/closed in accordance with the opening/closing
of the fifth electromagnetic relay 29a1, and a tenth elec-
tromagnetic relay 29a4 that is opened/closed in accord-
ance with the opening/closing of the seventh electromag-
netic relay 29a2 are connected in series between the
power supply and the ground via a resistor 52. The first
calculation portion 45 detects a voltage of the resistor 52
on the power supply side. Thus, the first calculation por-
tion 45 monitors the open/closed states of the fifth elec-
tromagnetic relay 29a1 and the seventh electromagnetic
relay 29a2.

[0037] An eleventh electromagnetic relay 29b3 that is
opened/closed in accordance with the opening/closing
of the sixth electromagnetic relay 29b1, and a twelfth
electromagnetic relay 29b4 that is opened/closed in ac-
cordance with the opening/closing of the eighth electro-
magnetic relay 29b2 are connected in series between
the power supply and the ground via a resistor 53. The
second calculation portion 46 detects a voltage of the
resistor 53 on the power supply side. Thus, the second
calculation portion 46 monitors the open/closed states of
the sixth electromagnetic relay 29b1 and the eighth elec-
tromagnetic relay 29b2.

[0038] The first calculation portion 45 and the second
calculation portion 46 make a comparison between a
command for the drive coil control switch 50 and the
open/closed states of the electromagnetic relays 29a1,
29b1, 29a2, and 29b2 and a comparison between a com-
mand for the drive coil control switch 51 and the open/
closed states of the electromagnetic relays 29a1, 29b1,
29a2, and 29b2, respectively, thereby determining
whether or not a malfunction such as an adhesion of a
contact or the like has occurred in each of the electro-
magnetic relays 29a1, 29b1, 29a2, and 29b2.

[0039] The first calculation portion 45 compares a sig-
nal from the first current detector 34 with a signal from
the second current detector 35 to determine whether or
nota malfunction has occurred in the first current detector
34 and the second current detector 35. The first calcula-
tion portion 45 compares the signal from the first hoisting
machine encoder 10a with the signal from the second
hoisting machine encoder 10b to determine whether or
not a malfunction has occurred in the first hoisting ma-
chine encoder 10a and the second hoisting machine en-
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coder 10b.

[0040] Further, the first calculation portion 45 com-
pares the signal from the first car position detecting por-
tion 38 and the signal from the second car position de-
tecting portion 39 with each other to determine whether
or nor a malfunction has occurred in the first car position
detecting portion 38 and the second car position detect-
ing portion 39.

[0041] Still further, the first calculation portion 45 re-
ceives a calculation result obtained by the second calcu-
lation portion 46 via the two-port RAM 47, and compares
the received calculation result with a calculation result
obtained by the first calculation portion 45, thereby de-
termining whether or not a malfunction has occurred in
the first calculation portion 45 and the second calculation
portion 46.

[0042] The second calculation portion 46 compares
the signal from the first current detector 34 with the signal
from the second current detector 35 to determine whether
or not a malfunction has occurred in the first current de-
tector 34 and the second current detector 35. The second
calculation portion 46 compares the signal from the first
hoisting machine encoder 10a with the signal from the
second hoisting machine encoder 10b to determine
whether or not a malfunction has occurred in the first
hoisting machine encoder 10a and the second hoisting
machine encoder 10b.

[0043] Further, the second calculation portion 46 com-
pares the signal from the first car position detecting por-
tion 45 and the signal from the second car position de-
tecting portion 39 with each other to determine whether
or nor a malfunction has occurred in the first car position
detecting portion 38 and the second car position detect-
ing portion 39.

[0044] Sitill further, the second calculation portion 46
receives a calculation result obtained by the first calcu-
lation portion 45 via the two-port RAM 47 , and compares
the received calculation result with a calculation result
obtained by the second calculation portion 46, thereby
determining whether or not a malfunction has occurred
in the first calculation portion 45 and the second calcu-
lation portion 46.

[0045] When the above-mentionedmalfunction oc-
curs, each of the first calculation portion 45 and the sec-
ond calculation portion 46 outputs a command to open
corresponding ones of the electromagnetic relays 29a1,
29b1, 29a2, and 29b2, and outputs a malfunction detec-
tion signal to a first malfunction reporting portion 54.
When the malfunction detection signal is input to the first
malfunction reporting portion 54, the malfunction report-
ing portion 54 informs the elevator control device that
some malfunction has occurred in the second brake con-
trol portion 22. When a malfunction occurs in the second
brake control portion 22, the elevator control device stops
the car 1 at, for example, the nearest floor, halts the
traveling of the elevator apparatus, and causes the ele-
vator apparatus to operate to report the occurrence of
the malfunction to the outside.
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[0046] The second brake control portion (deceleration
control portion) 22 has the electromagnetic relays 29a1,
29a2, 29a3, 29a4, 29b1, 29b2, 29b3, and 29b4, the de-
celeration control switches 42 and 43, the discharge di-
ode 44, the deceleration control determination portion
48, the drive coils 49a and 49b, the drive coil control
switches 50 and 51, the resistors 52 and 53, and the first
malfunction reporting portion 54.

[0047] The third electromagnetic relay 29e1 and the
fourth electromagnetic relay 29e2 are driven by a fifth
drive coil 49e. A thirteenth electromagnetic relay 29c1,
a fourteenth electromagnetic relay 29c2, a fifteenth elec-
tromagnetic relay 29d1, and a sixteenth electromagnetic
relay 29d2 are connected in series between the fifth drive
coil 49e and the ground.

[0048] The thirteenth electromagnetic relay 29¢1 and
the fourteenth electromagnetic relay 29c2 are opened/
closed by a third drive coil 49c¢. A third drive coil control
switch 55 for turning ON/OFF the supply of a current to
the third drive coil 49c is connected between the third
drive coil 49¢ and the ground. A semiconductor switch is
employed as the third drive coil control switch 55.
[0049] The turning ON/OFF of the third drive coil con-
trol switch 55 is controlled by a third calculation portion
56. The third calculation portion 56 calculates the position
of the car and the speed of the car based on the signals
from the first and second car position detecting portions
38 and 39. The third calculation portion 56 controls the
turning ON/OFF of the third drive coil control switch 55
based on the position of the car and the speed of the car.
The third calculation portion 56 is constituted by a fourth
microcomputer.

[0050] The fifteenth electromagnetic relay 29d1 and
the sixteenth electromagnetic relay 29d2 are opened/
closed by a fourth drive coil 49d. A fourth drive coil control
switch 57 for turning ON/OFF the supply of a current to
the fourth drive coil 49d is connected between the fourth
drive coil 49d and the ground. A semiconductor switch
is employed as the fourth drive coil control switch 57.
[0051] The turning ON/OFF of the fourth drive coil con-
trol switch 57 is controlled by a fourth calculation portion
58. The fourth calculation portion 58 calculates the posi-
tion of the car and the speed of the car based on the
signals from the first and second car position detecting
portions 38 and 39. The fourth calculation portion 58 con-
trols the turning ON/OFF of the fourth drive coil control
switch 57 based on the position of the car and the speed
of the car. The fourth calculation portion 58 is constituted
by a fifth microcomputer.

[0052] A two-port RAM 59 is connected between the
third calculation portion 56 and the fourth calculation por-
tion 58.

[0053] A seventeenth electromagnetic relay 29¢3 that
is opened/closed in accordance with the opening/closing
of the thirteenth electromagnetic relay 29c1, and an
eighteenth electromagnetic relay 29c4 that is opened/
closed in accordance with the opening/closing of the four-
teenth electromagnetic relay 29¢2 are connected in se-
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ries between the power supply and the ground via a re-
sistor 60. The third calculation portion 56 detects a volt-
age of the resistor 60 on the power supply side. Thus,
the third calculation portion 56 monitors the open/closed
states of the thirteenth electromagnetic relay 29¢1 and
the fourteenth electromagnetic relay 29¢2.

[0054] A nineteenth electromagnetic relay 29d3 that is
opened/closed in accordance with the opening/closing
of the fifteenth electromagnetic relay 29d1, and a twen-
tieth electromagnetic relay 29d4 that is opened/closed in
accordance with the opening/closing of the sixteenth
electromagnetic relay 29d2 are connected in series be-
tween the power supply and the ground via a resistor 61.
The fourth calculation portion 58 detects a voltage of the
resistor 61 on the power supply side. Thus, the fourth
calculation portion 58 monitors the open/closed states of
thefifteenth electromagneticrelay 29d1 and the sixteenth
electromagnetic relay 29d2.

[0055] The third calculation portion 56 and the fourth
calculation portion 58 make a comparison between a
command for the drive coil control switch 55 and the
open/closed states of the electromagnetic relays 29c¢1,
29c2,29d1, and 29d2 and a comparison between a com-
mand for the drive coil control switch 57 and the open/
closed states of the electromagnetic relays 29c1, 29c2,
29d1, and 29d2, respectively, thereby determining
whether or not a malfunction such as an adhesion of a
contact or the like has occurred in each of the electro-
magnetic relays 29c¢1, 29¢2, 29d1, and 29d2.

[0056] The third calculation portion 56 receives a cal-
culation result obtained by the fourth calculation portion
58 via the two-port RAM 59, and compares the received
calculation result with a calculation result obtained by the
third calculation portion 56, thereby determining whether
or not a malfunction has occurred in the third calculation
portion 56 and the fourth calculation portion 58.

[0057] The fourth calculation portion 58 receives a cal-
culation result obtained by the third calculation portion
56 via the two-port RAM 59, and compares the received
calculation result with a calculation result obtained by the
fourth calculation portion 58, thereby determining wheth-
er or not a malfunction has occurred in the third calcula-
tion portion 56 and the fourth calculation portion 58.
[0058] When the above-mentioned malfunction oc-
curs, each of the third calculation portion 56 and the fourth
calculation portion 58 outputs a malfunction detection
signal to a second malfunction reporting portion 62.
When the malfunction detection signal is input to the sec-
ond malfunction reporting portion 62, the second mal-
function reporting portion 62 informs the elevator control
device that some malfunction has occurred in the over-
speed monitoring portion 23. When a malfunction occurs
in the overspeed monitoring portion 23, the elevator con-
trol device stops the car 1 at, for example, the nearest
floor, halts the traveling of the elevator apparatus, and
causes the elevator apparatus to operate to report the
occurrence of the malfunction to the outside.

[0059] The overspeed monitoring portion 23 has the
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electromagnetic relays 29c1, 29c2, 29¢3, 29c4, 29d1,
29d2, 29d3, and 29d4, the drive coils 49c¢, 49d, and 49e,
the drive coil control switches 55 and 57, the third calcu-
lation portion 56 and the fourth calculation portion 58, the
two-port RAM 59, the resistors 60 and 61, and the second
malfunction reporting portion 62.

[0060] Upon detection of overspeed running of the car
1, the overspeed monitoring portion 23 can stop the car
1 as an emergency measure, independently of the first
brake control portion 21. Moreover, the overspeed mon-
itoring portion 23 monitors the speed of the car 1 inde-
pendently to detect the overspeed of the car 1 independ-
ently, without using the signals from the first brake control
portion 21 and the elevator control device.

[0061] Next, operations are described. FIG. 3 is a flow-
chart illustrating deceleration control operation of each
of the first calculation portion 45 and the second calcu-
lation portion 46 of FIG. 2. The first calculation portion
45 and the second calculation portion 46 perform the
processings illustrated in FIG. 3 at the same time and in
tandem with each other. Referring to FIG. 3, the first cal-
culation portion 45 and the second calculation portion 46
first perform initial settings of a plurality of parameters
required for the processings (Step S1). In this example,
a speed (drive sheave speed) VO[m/s] of the car which
is used to determine whether or not the car 1 is stopped,
a speed V1[m/s] of the car at which deceleration control
is stopped, a threshold value I0[A] of the current value
of the brake coil 24, a first threshold value y1[m/s2] of the
deceleration of the car, and a second threshold value y2
[m/s2] of the deceleration of the car (y1<y2) are set as
the parameters.

[0062] The processings following the initial settings
are performed repeatedly and periodically at intervals of
a preset sampling period. That is, each of the first calcu-
lation portion 45 and the second calculation portion 46
acquires signals from the first encoder 10a and the sec-
ond encoder 10b, signals from the first current detector
34 and the second current detector 35, and signals from
the first car position detecting portion 38 and the second
car position detecting portion 39 in a predetermined cycle
(Step S2). Then, the first calculation portion 45 and the
second calculation portion 46 calculate the speed V[m/s]
of the car and the deceleration y{m/s?] of the car based
on the signals from the first encoder 10a and the second
encoder 10b (Step S3).

[0063] After that, the first calculation portion 45 and
the second calculation portion 46 determine whether or
not the car 1 is in emergency stop operation (Step S4).
More specifically, when the speed of the car (rotational
speed of the motor) is higher than the speed VO for de-
termining whether or not the car is stopped and the cur-
rent value of the brake coil 24 is smaller than the current
value 10 for determining whether or not the car is
stopped, the first calculation portion 45 and the second
calculation portion 46 determine that the car 1 is in emer-
gency stop operation. When the car 1 is notin emergency
stop operation, the first calculation portion 45 and the
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second calculation portion 46 open all the electromag-
netic relays 29a1, 29b1, 29a2, and 29b2 (Step S10).
[0064] When the car 1 is in emergency stop operation,
the first calculation portion 45 and the second calculation
portion 46 determine whether or not the deceleration y
of the car is higher than the first threshold value y1 (Step
S5). When y<v1, the first calculation portion 45 and the
second calculation portion 46 open all the electromag-
netic relays 29a1, 29b1, 29a2, and 29b2 (Step S10).
When y>v1, the first calculation portion 45 and the second
calculation portion 46 close all the electromagnetic relays
29a1, 29b1, 29a2, and 29b2 (Step S6).

[0065] Instoppingthecar1asanemergency measure,
the supply of a current to the hoisting machine motor 6
is also shut off. Therefore, the car 1 may be accelerated
or decelerated due to an imbalance between a load on
the car 1 side and a load of the counterweight 2 from a
moment when an emergency stop command is issued
to a moment when a braking force is actually applied.
[0066] When y<y1, the first calculation portion 45 and
the second calculation portion 46 determine that the car
1 is accelerated immediately after the issuance of the
emergency stop command, and open the electromagnet-
icrelays 29a1, 29b1, 29a2, and 29b2 to apply the braking
force swiftly. When y>y1, the first calculation portion 45
and the second calculation portion 46 determine that the
car 1is decelerated, and close the electromagneticrelays
29a1,29b1, 29a2, and 29b2 to perform deceleration con-
trol, with a view to preventing the deceleration from be-
coming excessively high.

[0067] During the deceleration control, the first calcu-
lation portion 45 and the second calculation portion 46
determine whether or not the deceleration y of the car is
larger than the second threshold value y2 (Step S7).
Wheny>v2, the first calculation portion 45 and the second
calculation portion 46 turn the deceleration control
switches 42 and 43 ON/OFF with a preset switching duty
(e.g., 50%) to suppress the deceleration y of the car (Step
S8). Thus, a predetermined voltage is applied to the
brake coil 24, whereby the braking force of the brake
device 7 is controlled. At this moment, the deceleration
control switches 42 and 43 are turned ON/OFF in syn-
chronization with each other.

[0068] In addition, when y<y2, the first calculation por-
tion 45 and the second calculation portion 46 hold the
deceleration control switches 42 and 43 open. After that,
the first calculation portion 45 and the second calculation
portion 46 determine whether to stop control or not (Step
S9). In determining whether to stop control or not, the
first calculation portion 45 and the second calculation por-
tion 46 determine whether or not the speed V of the car
is smaller than the threshold value V1. When V>V1, the
first calculation portion 45 and the second calculation por-
tion 46 directly return to an input processing (Step S2).
When V<V1, the first calculation portion 45 and the sec-
ond calculation portion 46 open all the electromagnetic
relays 29a1, 29b1, 29a2, and 29b2 (Step S10), and then
return to the input processing (Step S2).
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[0069] Here, FIG. 4 is an explanatory diagram illustrat-
ing how the speed of the car, the deceleration of the car,
the current of the brake coil 24, the states of the electro-
magnetic relays 29a1, 29b1, 29a2, and 29b2, and the
states of the deceleration control switches 42 and 43
change with time in the case where the car 1 decelerates
immediately after the issuance of an emergency stop
command.

[0070] When the emergency stop command is issued,
the car 1 immediately starts to decelerate. Then, when
the deceleration reaches y1 at atime instant T2, the elec-
tromagnetic relays 29a1, 29b1, 29a2, nd 29b2 are
closed. When the deceleration reaches 2 at a time in-
stant T3, the deceleration control switches 42 and 43 are
turned ON/OFF. After that, when the speed of the car
becomes lower than V1, the electromagnetic relays
29a1, 29b1, 29a2, and 29b2 are opened, whereby de-
celeration control performed by the deceleration control
switches 42 and 43 is stopped.

[0071] FIG. 5is a flowchart illustrating abnormality di-
agnosis operation of each of the first calculation portion
45 and the second calculation portion 46 of FIG. 2. The
first calculation portion 45 and the second calculation por-
tion 46 call diagnosis processings illustrated in FIG. 5 as
soon as the processings following the input processing
(Step S2) of FIG. 3 are completed.

[0072] Inthe abnormality diagnosis operation, the first
calculation portion 45 and the second calculation portion
46 make a determination on the consistency of values
input from the sensors and values calculated by the cal-
culation portions 45 and 46 (Step S11). More specifically,
when a difference between the input values and a differ-
ence between the calculated values are within each of
predetermined ranges, thefirst calculation portion 45 and
the second calculation portion 46 determine that there is
no abnormality, and return to the subsequent processing
illustrated in FIG. 3. When the difference between the
input values or the difference between the calculated val-
ues exceeds a corresponding one of the predetermined
ranges, the first calculation portion 45 and the second
calculation portion 46 determine that there is an abnor-
mality, open the electromagnetic relays 29a1, 29b1,
29a2, and 29b2 (Step S12), and output malfunction de-
tection signals to the first malfunction reporting portion
54 (Step S13).

[0073] FIG. 6is agraphillustrating a relation between
the first threshold value and the second threshold value
of the deceleration of the car, which are set in each of
the first calculation portion 45 and the second calculation
portion 46 illustrated in FIG. 2, and the position of the
car. As illustrated in FIG. 6, the first threshold value 1
and the second threshold value y2 are set in the first
calculation portion 45 to vary according to the position of
the car. As in the case of the first calculation portion 45,
the first threshold value y1 and the second threshold val-
ue y2 are also set in the second calculation portion 46.
More specifically, the first threshold value y1 and the sec-
ond threshold value y2 in the proximity of the terminal
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landings are set to gradually increase toward the terminal
landings.

[0074] FIG.7isagraphillustrating an overspeed mon-
itoring pattern set in each of the third calculation portion
56 and the fourth calculation portion 58 illustrated in FIG.
2. The overspeed monitoring pattern is set to vary ac-
cording to the position of the car. Specifically, the over-
speedmonitoring patternis setto ensure a predetermined
margin with respect to a normal running pattern when
the car 1 normally runs from one of the terminal landings
to the other terminal landing. Therefore, the overspeed
monitoring pattern in the proximity of each of the terminal
landings is set to gradually decrease toward the terminal
landing.

[0075] Each of the third calculation portion 56 and the
fourth calculation portion 58 monitors the speed of the
car in an independent fashion. When the speed of the
car exceeds the overspeed monitoring pattern, each of
the third calculation portion 56 and the fourth calculation
portion 58 turns OFF a corresponding one of the drive
coil control switches 55 and 57. As a result, the drive coils
49c and 49d are deenergized. Then, the electromagnetic
relays 29c¢c1, 29¢2, 29d1 and 29d2 are opened to deen-
ergize the drive coil 49e. Upon deenergization of the drive
coil 49e, the electromagnetic relays 29e1 and 29e2 are
opened to stop the car 1 as an emergency measure. The
deceleration control at this time is performed by the sec-
ond brake control portion 22.

[0076] In the elevator apparatus described above, the
second brake control portion 22 corresponding to the de-
celeration control portion is provided independently of
the first brake control portion 21 corresponding to the
main control portion. Therefore, even when a malfunction
occurs in the deceleration control portion, the car can be
stopped more reliably. Moreover, the second brake con-
trol portion 22 includes the first calculation portion 45 and
the second calculation portion 46, each for executing the
operation of reducing the braking force of the brake de-
vice 7 by the calculation processing independently of
each other, and hence the reliability can be improved.
Further, the second threshold value Y2 is set to vary ac-
cording to the position of the car in each of the first cal-
culation portion 45 and the second calculation portion 46
as illustrated in FIG. 6. Therefore, a great difference in
riding comfort at the time of emergency stop depending
on the position of the car can be prevented from being
generated.

[0077] Further, the second threshold value y2 in the
proximity of each of the terminal landings is set to grad-
ually increase toward the terminal landing. Therefore, in
the proximity of the terminal landing, a stop distance from
the issuance of the emergency stop command to the stop
of the car 1 can be reduced. In addition, a speed at which
the car 1 and the counterweight 2 respectively collide
against the car buffer 14 and the counterweight buffer 15
can be reduced. Accordingly, a volume of each of the car
buffer 14 and the counterweight buffer 15 can be re-
duced.
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[0078] Further, the first calculation portion 45 and the
second calculation portion 46 compare calculation re-
sults thereof with each other to detect the occurrence of
amalfunction in at least one of the first calculation portion
45 and the second calculation portion 46. Therefore, fur-
ther improvement of reliability can be achieved.

When a malfunction occurs in at least one of the first
calculation portion 45 and the second calculation portion
46, the second brake control portion 22 invalidates de-
celeration control performed by the second brake control
portion 22. Therefore, the car 1 can be stopped more
reliably even in the event of a malfunction in at least one
of the calculation portions 45 and 46.

[0079] In addition, when the speed of the car is higher
than the predetermined speed V0 and the current of the
brake coil 24 is smaller than the predetermined value 10,
the second brake control portion 22 determines that the
brake device 7 is in emergency stop operation. There-
fore, emergency braking operation can be detected more
reliably, independently of the first brake control portion
21.

[0080] Moreover, the brake control device 20 further
includes the overspeedmonitoring portion 23 for stopping
the car 1 as an emergency measure when the speed of
the car reaches the preset overspeed. In the overspeed
monitoring portion 23, the overspeed monitoring pattern
which gradually decreases in the proximity of each of the
terminal landings toward each of the terminal landings is
set. Therefore, the speed at which the car 1 and the coun-
terweight 2 respectively collide against the car buffer 14
and the counterweight buffer 15 can be further reduced,
and accordingly the volume of each of the car buffer 14
and the counterweight buffer 15 can be further reduced.
Moreover, a pit depth size and an overhead size of the
hoistway can be reduced.

Second Embodiment

[0081] Next, FIG. 8 is a circuit diagram illustrating a
brake control device of an elevator apparatus according
to a second embodiment of the present invention. In this
embodiment, the function of the third calculation portion
56 according to the first embodiment is included in the
first calculation portion 45, whereas the function of the
fourth calculation portion 58 according to the first embod-
iment is included in the second calculation portion 46.

[0082] FIG. 9is a flowchart illustrating an operation of
each of the first calculation portion 45 and the second
calculation portion 46 illustrated in FIG. 8. Each of the
first calculation portion 45 and the second calculation por-
tion 46 repeatedly executes malfunction detection
processing (Step S14), overspeed detection processing
(Step S15), and brake control processing (Step S16) in
a predetermined cycle. Moreover, each of the first calcu-
lation portion 45 and the second calculation portion 46
sequentially executes the above-mentioned processing
in a one-by-one manner by single tasking. The remaining
structure is the same as that of the first embodiment.
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[0083] According to the elevator apparatus described
above, the size and the cost of the brake control device
can be reduced while the reliability provided by a duplex
system is maintained.

Third Embodiment

[0084] Next, FIG. 10 is a circuit diagram illustrating a
brake control device of an elevator apparatus according
to a third embodiment of the present invention. In this
embodiment, input/output signals to/from the first calcu-
lation portion 45 and the second calculation portion 46
in the circuit configuration described in the second em-
bodiment are integrated by using a plurality of interfaces.
[0085] In FIG. 10, a multiplex calculation portion 71
includes the first calculation portion 45, the second cal-
culation portion 46, the two-port RAM 47, the malfunction
reporting portion 54, an input interface 72, an output in-
terface 73, afirst input connector 74, a second input con-
nector 75, a first output connector 76, a second output
connector 77, and first to fourth data buses 78 to 81.
[0086] Input signals from the exterior of the multiplex
calculation portion 71 are input to the input interface 72
through the first input connector 74 and the second input
connector 75. The input signals are distributed to the first
data bus 78 and the second data bus 79 through the input
interface 72 to be input to the first calculation portion 45
and the second calculation portion 46.

[0087] Output signals from the first calculation portion
45 and the second calculation portion 46 are input to the
output interface 73 through the third data bus 80 and the
fourth data bus 81 to be externally output from the output
interface 73 through the first output connector 76 and the
second output connector 77.

[0088] Specifically, the input signals to the first calcu-
lation portion 45 and the second calculation portion 46
are input to the first calculation portion 45 and the second
calculation portion 46 through the common input inter-
face 72, whereas the output signals from the first calcu-
lation portion 45 and the second calculation portion 46
are externally output through the common output inter-
face 73. At this time, each of the input interface 72 and
the outputinterface 73 has a buffering function of increas-
ing the stability of each of the signals.

[0089] A car position detection interface portion 82 in-
cludes a car position signal connector 83, an overspeed
detection signal connector 84, first to sixth buffers 85a
to 85f, a first governor encoder interface 86a, and a sec-
ond governor encoder interface 86b.

[0090] The car position signal connector 83 is connect-
ed to the first input connector 74. The overspeed detec-
tion signal connector 84 is connected to the first output
connector 76. The buffers 85a to 85f serve to increase
the stability and a noise resistance characteristic of each
of the signals. As each of the buffers 85a to 85f, for ex-
ample, an optical coupler is used.

[0091] Voltage signals of the resistors 60 and 61 are
transmitted to the car position signal connector 83
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through the first buffer 85a and the second buffer 85b.
Signals from the hoistway switches 11 and 12 are trans-
mitted to the car position signal connector 83 through the
third buffer 85¢ and the fourth buffer 85d. Signals from
the first governor encoder 19a and the second governor
encoder 19b are transmitted to the car position signal
connector 83 through the encoder interfaces 86a and
86b.

[0092] Thefifth buffer 85eis provided between the third
drive coil control switch 55 and the overspeed detection
signal connector 84, whereas the sixth buffer 85f is pro-
vided between the fourth drive coil control switch 57 and
the overspeed detection signal connector 84.

[0093] A brake control interface portion 87 includes a
car speed signal connector 88, a deceleration control sig-
nal connector 89, seventh to twelfth buffers 85g to 851,
afirst hoisting machine encoder interface 90a, and a sec-
ond hoisting machine encoder interface 90b.

[0094] The carspeed signal connector 88 is connected
to the second input connector 75. The deceleration con-
trol signal connector 89 is connected to the second output
connector 77. The buffers 85g to 851 serve to increase
the stability and the noise resistance characteristic of
each of the signals. As each of the buffers 85g to 851,
for example, an optical coupler is used.

[0095] Voltage signals of the resistors 52 and 53 are
transmitted to the car speed signal connector 88 through
the seventh buffer 85g and the eighth buffer 85h. Signals
from the first hoisting machine encoder 10a and the sec-
ond hoisting machine encoder 10b are transmitted to the
car speed signal connector 88 through the encoder in-
terfaces 90a and 90b.

[0096] A ninth buffer 85i is provided between the first
drive coil control switch 50 and the deceleration control
signal connector 89, a tenth buffer 85j is provided be-
tween the first deceleration control switch 42 and the de-
celeration control signal connector 89 , an eleventh buffer
85k is provided between the second deceleration control
switch 43 and the deceleration control signal connector
89, and a twelfth buffer 851 is provided between the sec-
ond drive coil control switch 51 and the deceleration con-
trol signal connector 89.

[0097] The signals are transmitted and received be-
tween each of the interfaces 82 and 87 and the multiplex
calculation portion 71 according to the same protocol.
[0098] In the elevator apparatus described above, the
reception/transmission of the signals of the duplex sys-
tem is performed in an integrated fashion by using the
single input interface 72 and the single output interface
73. Therefore, the number of components can be re-
duced to simplify the configuration.

Moreover, the input signals to the input interface 72 are
collectively input through the two input connectors 74 and
75 , whereas the output signals from the output interface
73 are collectively output through the two output connec-
tors 76 and 77. Therefore, the configuration can be further
simplified.

Further, the same protocol is used for the transmission/
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reception of the signals through the connectors 74, 75,
76, 77, 83, 84, 88, and 89, and hence, for example, a
function of inhibiting the car 1 from running with a car
door or a landing door being open can be easily realized
by the multiplex calculation portion 71.

[0099] Note that in the foregoing examples, the deter-
mination on emergency stop is made from the speed of
the car and the current value of the brake coil 24. How-
ever, the determination on emergency stop may be made
in consideration of a derivative value of the current value
of the brake coil 24 as well as the above-mentioned val-
ues. More specifically, when the speed of the car is higher
than a predetermined speed, the current of the brake coil
24 is smaller than a predetermined value, and the deriv-
ative value of the current value of the brake coil 24 is
negative, it is determined that the car is being stopped
as an emergency measure. Thus, the occurrence of er-
roneous detection resulting from vibrations within the car
in the process of stopping the car can be avoided.
[0100] In addition, though no concrete threshold val-
ues are exemplified in the foregoing examples, an aver-
age emergency stop degree of deceleration of the car is
about 3.0[m/s2] when, for example, V0=0.5[m/s], V1=0.1
[m/s], y1=2.0[m/s2], y2=3.0[m/s?], and 10=1[A]. There-
fore, the burden imposed on passengers within the car
1 is light, and the braking distance of the car 1 does not
become long.

[0101] Further, only the single brake device 7 is illus-
trated in the foregoing examples. However, a plurality of
the brake devices 7 connected in parallel may be em-
ployed. Thus, even when one of the brake devices breaks
down, the other brake devices are in operation. There-
fore, the reliability of the entire elevator apparatus can
be improved.

Still further, in the foregoing examples, the brake device
7 is provided on the hoisting machine 4. However, the
brake device 7 may be provided at another location. For
example, the brake device may be a car brake mounted
on the car, or a rope brake for gripping the main rope to
brake the car.

Moreover, as the suspension means, for example, arope
having a circular cross section or a belt having a flat sec-
tional shape can be used.

Claims
1. An elevator apparatus, comprising:

a hoisting machine including a drive sheave and
a motor for rotating the drive sheave;
suspension means wound around the drive
sheave;

a car suspended by the suspension means to
be raised and lowered by the hoisting machine;
abrake device for braking running of the car; and
a brake control device for controlling the brake
device, wherein:
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the brake control device includes:

afirst brake control portion for operating the
brake device upon detection of an abnor-
mality to stop the car as an emergency
measure; and

a second brake control portion for reducing
a braking force of the brake device when a
deceleration of the car becomes equal to or
higher than a threshold value at a time of
an emergency braking operation of the first
brake control portion;

the second brake control portion includes a first
calculation portion and a second calculation por-
tion, each independently executing an operation
of reducing the braking force of the brake device
by calculation processing;

the threshold value is set in the first calculation
portion to vary according to a car position; and
the threshold value is set in the second calcula-
tion portion as in a case of the first calculation
portion.

An elevator apparatus according to Claim 1, wherein
the threshold value is set to gradually increase in
proximity of a terminal landing toward the terminal
landing.

An elevator apparatus according to Claim 1, wherein
the first calculation portion and the second calcula-
tion portion compare their own results of calculation
with each other to detect occurrence of a malfunction
in at least one of the first calculation portion and the
second calculation portion.

An elevator apparatus according to Claim 3, wherein
the second brake control portion invalidates control
of the deceleration of the car performed by the sec-
ond brake control portion when the malfunction oc-
curs in the at least one of the first calculation portion
and the second calculation portion.

An elevator apparatus according to Claim 1, wherein:

the brake device includes a brake coil, energizes
the brake coil to generate an electromagnetic
force for canceling the braking force, and shuts
off supply of a current to the brake coil to gen-
erate the braking force; and

the second brake control portion determines that
the brake device performs an emergency stop
operation, when a speed of the car is higher than
a predetermined speed and the current of the
brake coil is smaller than a predetermined value.

6. Anelevatorapparatus accordingto Claim 1, wherein:
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the brake control device further includes an
overspeed monitoring portion for stopping the
car as the emergency measure when a car
speed reaches a preset overspeed; and

an overspeed monitoring pattern gradually de-
creasing in proximity of a terminal landing to-
ward the terminal landing is set in the overspeed
monitoring portion.

7. Anelevatorapparatus accordingto Claim 1, wherein:

input signals to the first calculation portion and
the second calculation portion are input to the
first calculation portion and the second calcula-
tion portion through a common input interface;
and

output signals from the first calculation portion
and the second calculation portion are externally
output through a common output interface.
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FIG. 5
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