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(54) ELEVATOR SYSTEM

(57) In an elevator apparatus, a braking control por-
tion includes: first and second braking control computing
portions; a braking control shared memory portion that
stores shared data for the first and second braking control
computing portions; and a braking control communicat-
ing portion that performs transmitting and receiving of
signals to and from a hoisting machine control commu-

nicating portion. The first and second braking control
computing portions compare input signals and computa-
tional results with each other by means of the braking
control shared memory portion, and also output a failure
detection signal from the braking control communicating
portion if a compared result exceeds a predetermined
range.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an elevator ap-
paratus that uses a plurality of speed detectors that gen-
erate signals that correspond to rotation of a driving
sheave, and that controls a braking device by means of
a braking control portion based on the plurality of circuit
signals from these speed detectors.

BACKGROUND ART

[0002] Conventionally, elevator safety systems are
constituted by safety chains that are series circuits that
include a plurality of switches and a plurality of contacts.
Among these contacts and switches, an overspeed gov-
ernor, a limit switch, etc., are operated in response to
operation of a car, for example. Landing door switches,
locking devices, etc., are operated in response to door
movements.
[0003] In answer to this, in elevators that use conven-
tional electronic safety systems, various kinds of sensors,
contacts, and switches are monitored by a central con-
troller by means of electronic safety buses. A bus node
is connected to each sensor, contact, and switch at its
respective position. Status information is transmitted to
the central controller from the bus nodes. A microproc-
essor board that has input/output ports that are connect-
ed to the safety buses and the bus nodes is disposed in
the central controller (see Patent Literature 1, for exam-
ple).
[0004] In conventional elevator braking control appa-
ratuses, on the other hand, a hoisting machine brake is
activated to make the car perform an emergency stop by
a first braking control portion when an abnormality is de-
tected. If deceleration of the car becomes greater than
or equal to a predetermined value during emergency
braking operation of the hoisting machine brake, braking
force of the hoisting machine brake is reduced by a sec-
ond braking control portion (see Patent Literature 2, for
example).
[0005]

[Patent Literature 1]
Japanese Patent Publication No. 2002-538061 (Ga-
zette)
[Patent Literature 2]
WO 2007/088599 A1

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0006] However, in a conventional electronic safety
system such as that described above, a communicating
means, and power source wiring, etc., to drive it, is re-
quired for each bus node, increasing costs. In conven-

tional braking control apparatuses, it has not been pos-
sible to detect sensor abnormalities or abnormalities in
the braking control portions themselves.
[0007] The present invention aims to solve the above
problems and an object of the present invention is to pro-
vide an elevator apparatus that can achieve wire saving
while suppressing cost increases, and also improve brak-
ing control reliability.

MEANS FOR SOLVING THE PROBLEM

[0008] In order to achieve the above object, according
to one aspect of the present invention, there is provided
an elevator apparatus including: a hoisting machine in-
cluding: a driving sheave; a hoisting machine motor that
rotates the driving sheave; and a braking device that
brakes rotation of the driving sheave; a suspending
means that is wound around the driving sheave; a car
that is suspended by the suspending means, and that is
raised and lowered by the hoisting machine; first and
second speed detectors that each generate a detection
signal that corresponds to rotation of the driving sheave;
a hoisting machine control portion that controls the hoist-
ing machine motor based on the detection signals from
the first and second speed detectors; and a braking con-
trol portion that controls the braking device based on the
detection signals from the first and second speed detec-
tors, wherein: the hoisting machine control portion in-
cludes: a hoisting machine control computing portion that
performs computation for controlling the hoisting ma-
chine motor based on signals that correspond to the first
and second speed detectors; and a hoisting machine
control communicating portion that performs transmitting
and receiving of signals; the braking control portion in-
cludes: a first braking control computing portion that per-
forms computation for controlling the braking device
based on a signal that corresponds to the first speed
detector; a second braking control computing portion that
performs computation for controlling the braking device
based on a signal that corresponds to the second speed
detector; a braking control shared memory portion that
stores shared data for the first and second braking control
computing portions; and a braking control communicat-
ing portion that performs transmitting and receiving of
signals to and from the hoisting machine control commu-
nicating portion; and the first and second braking control
computing portions compare input signals and computa-
tional results with each other by means of the braking
control shared memory portion, and also output a failure
detection signal from the braking control communicating
portion if a compared result exceeds a predetermined
range.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Figure 1 is a structural diagram that shows an ele-
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vator apparatus according to Embodiment 1 of the
present invention;
Figure 2 is a structural diagram that shows a detailed
configuration of the elevator apparatus from Figure
1;
Figure 3 is a flowchart that shows operation of a brak-
ing control portion from Figure 2;
Figure 4 is an explanatory diagram that shows tem-
poral changes in driving sheave speed, driving
sheave deceleration, a state of first and second
brake electromagnetic relays, and a state of first and
second deceleration controlling switches when a car
decelerates immediately after emergency stop com-
mand generation;
Figure 5 is a flowchart that shows an abnormality
diagnostic operation of first and second braking con-
trol computing portions from Figure 2;
Figure 6 is a structural diagram that shows an ele-
vator apparatus according to Embodiment 2 of the
present invention;
Figure 7 is a structural diagram that shows an ele-
vator apparatus according to Embodiment 3 of the
present invention; and
Figure 8 is a structural diagram that shows an ele-
vator apparatus according to Embodiment 4 of the
present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0010] Preferred embodiments of the present inven-
tion will now be explained with reference to the drawings.

Embodiment 1

[0011] Figure 1 is a structural diagram that shows an
elevator apparatus according to Embodiment 1 of the
present invention. In the figure, a car 1 and a counter-
weight 2 are suspended inside a hoistway by a main rope
3 that functions as a suspending means, and are raised
and lowered inside the hoistway by a driving force from
a hoisting machine 4.
[0012] The hoisting machine 4 has: a driving sheave
5 around which the main rope 3 is wound; a hoisting
machine motor 6 that rotates the driving sheave 5; and
a braking device 7 that brakes rotation of the driving
sheave 5. The braking device 7 has first and second brak-
ing portions 7a and 7b.
[0013] A speed detecting portion 8 that generates a
signal that corresponds to rotational speed of a rotating
shaft thereof, i.e., rotational speed of the driving sheave
5, is disposed on the hoisting machine motor 6. The hoist-
ing machine motor 6 and the braking device 7 are con-
trolled by an operation controlling apparatus 9. The signal
from the speed detecting portion 8 is input into the oper-
ation controlling apparatus 9.
[0014] The braking portions 7a and 7b each have: a
brake drum (a brake wheel) that is coupled so as to be
coaxial with the driving sheave 5; a brake shoe that can

be placed in contact with and separated from the brake
drum; a brake spring that applies a braking force by
pressing the brake shoe against the brake drum; and an
electromagnet that releases the braking force by sepa-
rating the brake shoe from the brake drum in opposition
to the brake spring.
[0015]  Figure 2 is a structural diagram that shows a
detailed configuration of the elevator apparatus from Fig-
ure 1. A first brake coil (a first electromagnetic coil) 11 is
disposed on the electromagnet of the first braking portion
7a. A second brake coil (a second electromagnetic coil)
12 is disposed on the electromagnet of the second brak-
ing portion 7b.
[0016] The first and second brake coils 11 and 12 are
connected in parallel relative to a power source. First and
second brake electromagnetic relays 13 and 14 are con-
nected in series between the first and second brake coils
11 and 12 and the power source.
[0017] A first deceleration controlling switch 15 is con-
nected between the first brake coil 11 and ground. A sec-
ond deceleration controlling switch 16 is connected be-
tween the second brake coil 12 and ground. Semicon-
ductor switches, for example, can be used as the first
and second deceleration controlling switches 15 and 16.
Electric current that flows to the first and second brake
coils 11 and 12 is controlled by ON/OFF switching these
first and second deceleration controlling switches 15 and
16 to control application of the braking force by the first
and second braking portions 7a and 7b.
[0018] The speed detecting portion 8 includes first and
second encoders 8a and 8b that function as first and
second speed detectors that each generate a detection
signal independently.
[0019] The operation controlling apparatus 9 has: a
hoisting machine control portion 21 that controls the
hoisting machine motor 6; a braking control portion 22
that controls the braking device 7; and a front end portion
23. The hoisting machine control portion 21, the braking
control portion 22, and the front end portion 23 are ac-
commodated inside a shared control board.
[0020] First and second hoisting machine electromag-
netic relays 17 and 18 are connected in series between
the hoisting machine motor 6 and the hoisting machine
control portion 21. The front end portion 23 functions as
an interface between encoder signals, switch command
signals, and interrupting signals, etc., for driving the hoist-
ing machine motor 6 and the braking device 7, and the
hoisting machine control portion 21 and braking control
portion 22.
[0021] The front end portion 23 has: a first front end
computing portion 23a; a second front end computing
portion 23b; a front end shared memory portion (a 2-port
RAM) 23c; a front end failure alarm portion 23d; and the
front end communicating portion 23e.
[0022] The signal from the first encoder 8a is input into
the first front end computing portion 23a. The signal from
the second encoder 8b is input into the second front end
computing portion 23b.
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[0023] The first front end computing portion 23a con-
trols respective ON/OFF switching of the first brake elec-
tromagnetic relay 13, the first deceleration controlling
switch 15, and the first hoisting machine electromagnetic
relay 17. The second front end computing portion 23b
controls respective ON/OFF switching of the second
brake electromagnetic relay 14, the second deceleration
controlling switch 16, and the second hoisting machine
electromagnetic relay 18.
[0024] The first and second front end computing por-
tions 23a and 23b are each constituted by a computer,
and perform computational processing based on the sig-
nals from the first and second encoders 8a and 8b to find
the rotational speed of the driving sheave 5.
[0025] The first and second front end computing por-
tions 23a and 23b are able to read and write shared data
from and to the front end shared memory portion 23c. In
addition, the first and second front end computing portion
23a and 23b compare the detection signals from the first
and second encoders 8a and 8b and computational re-
sults with each other by means of the front end shared
memory portion 23c. If a difference between the detection
signals or a difference between the computational results
exceeds a tolerance value, a failure detection signal is
input into the front end failure alarm portion 23d.
[0026] The front end communicating portion 23e per-
forms communication (serial communication) with the
hoisting machine control portion 21 and the braking con-
trol portion 22.
[0027]  The hoisting machine control portion 21 has: a
hoisting machine driving portion 21a; a hoisting machine
control computing portion 21b; and a hoisting machine
control communicating portion 21 c. The hoisting ma-
chine driving portion 21a is connected to the hoisting ma-
chine motor 6 by means of the first and second hoisting
machine electromagnetic relays 17 and 18, and includes
an inverter, etc., for driving the hoisting machine motor
6. The hoisting machine control communicating portion
21 c performs communication (serial communication)
with the braking control portion 22 and the front end por-
tion 23.
[0028] A signal from the front end portion 23 that cor-
responds to the first and second encoders 8a and 8b is
input into the hoisting machine control computing portion
21b by means of the hoisting machine control communi-
cating portion 21c. The hoisting machine control comput-
ing portion 21b is constituted by a computer, and per-
forms computational processing based on the signal from
the front end portion 23 to generate a command signal
for controlling the hoisting machine driving portion 21a.
[0029] The braking control portion 22 has: a first brak-
ing control computing portion 22a; a second braking con-
trol computing portion 22b; a braking control shared
memory portion (2-port RAM) 22c; a braking control fail-
ure alarm portion 22d; and a braking control communi-
cating portion 22e. The braking control communicating
portion 22e performs communication (serial communica-
tion) with the hoisting machine control portion 21 and the

front end portion 23.
[0030] A signal from the front end portion 23 is input
into the first and second braking control computing por-
tions 22a and 22b by means of the braking control com-
municating portion 22e. The first braking control comput-
ing portion 22a is constituted by a computer, and per-
forms computational processing based on the signal that
corresponds to the first encoder 8a to generate a signal
for controlling ON/OFF switching of the first deceleration
controlling switch 15. The second braking control com-
puting portion 22b is constituted by a computer, and per-
forms computational processing that is identical to that
of the first braking control computing portion 22a based
on the signal from the second encoder 8a to generate a
signal for controlling ON/OFF switching of the second
deceleration controlling switch 16.
[0031] The first and second braking control computing
portions 22a and 22b are able to read and write shared
data to the braking control shared memory portion 22c.
In addition, the first and second braking control comput-
ing portion 22a and 22b compare input signals and com-
putational results with each other by means of the braking
control shared memory portion 22c. If a difference be-
tween the input signals or a difference between the com-
putational results exceeds a tolerance value, a failure
detection signal is input into the braking control failure
alarm portion 22d.
[0032] When the car 1 is made to perform an emer-
gency stop, the braking control portion 22 adjusts the
braking force of the braking device 7 by controlling the
ON/OFF switching of the first and second deceleration
controlling switches 15 and 16 such that deceleration of
the car 1 does not become excessive (deceleration con-
trol).
[0033] Next, operation will be explained. Each time the
car 1 runs, the first and second front end computing por-
tions 23a and 23b perform predetermined computations
based on the signals from the first and second encoders
8a and 8b to detect the rotational speed of the driving
sheave 5.
[0034] Here, the first front end computing portion 23a
compares the signal from the first encoder 8a and the
signal from the second encoder 8b via the front end
shared memory portion 23c. If the difference therebe-
tween is within a predetermined input signal allowable
error range, the required computational processing is ex-
ecuted and the computational result is written to the front
end shared memory portion 23c.
[0035] Similarly, the second front end computing por-
tion 23b compares the signal from the second encoder
8b and the signal from the first encoder 8a via the front
end shared memory portion 23c. If the difference there-
between is within a predetermined input signal allowable
error range, the required computational processing is ex-
ecuted and the computational result is written to the front
end shared memory portion 23c.
[0036]  The first and second front end computing por-
tions 23a and 23b each read in the computational result
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of the other circuit from the front end shared memory
portion 23c and compare it with the computational result
of their own circuit. If the differences therebetween are
within a predetermined computational result allowable
error range, the computational results are output to the
front end communicating portion 23e.
[0037] If, however, the difference between the input
signals from the first and second encoders 8a and 8b or
the difference between the computational results is not
within the allowable error range, the first and second front
end computing portions 23a and 23b deem that some
abnormality has arisen, and a failure detection signal is
input to the front end failure alarm portion 23d.
[0038] The computational results from the first and
second front end computing portions 23a and 23b and
the failure detection signal that has been input into the
front end failure alarm portion 23d are transmitted from
the front end communicating portion 23e to the hoisting
machine control portion 21 and the braking control por-
tion 22. At this point, data concerning time of processing
by the first and second front end computing portions 23a
and 23b are added to the computational result messages.
Thus, the time of processing by the first and second front
end computing portions 23a and 23b is reflected in the
computation by the hoisting machine control portion 21
and the braking control portion 22. Time is made a de-
termining criteria in failure diagnosis, enabling reliability
and precision of hoisting machine control and braking
control to be increased.
[0039] Information concerning the failure occurrence
location (location of abnormality) is added to the failure
detection signal and transmitted. Thus, information con-
cerning the failure occurrence location is reflected in the
computation by the hoisting machine control portion 21
and the braking control portion 22.
[0040] If the signal from the first encoder 8a is con-
stantly 0, for example, information to the effect that the
failure occurrence location is the first encoder 8a is added
to the failure detection signal, and transmitted to the hoist-
ing machine control portion 21 and the braking control
portion 22.
[0041] Computation to generate a command to acti-
vate the braking device 7 to brake is thereby executed
in the braking control portion 22 by the first and second
braking control computing portions 22a and 22b, and the
computational results are transmitted to the front end por-
tion 23 by means of the braking control communicating
portion 22e. Thus, the braking device 7 is activated to
brake by the front end portion 23.
[0042] In the hoisting machine control portion 21, com-
putation to generate a command for stopping the raising
and lowering of the car 1 is executed by the hoisting ma-
chine control computing portion 21b, and the hoisting ma-
chine motor 6 is stopped by the hoisting machine driving
portion 21 a.
[0043] Next, operation of the braking control portion
22 when the front end portion 23 communicates normal
computational results will be explained. Figure 3 is a flow-

chart that shows operation of a braking control portion
from Figure 2, and the first and second braking control
computing portions 22a and 22b execute processing
such as that shown in Figure 3 simultaneously in parallel.
[0044] In Figure 3, the first and second braking control
computing portions 22a and 22b first initialize a plurality
of parameters required for processing (Step S1). In this
example, a driving sheave speed V0 (m/s) that is used
in a car stopping determination, a driving sheave speed
V1 (m/s) that stops deceleration control, and first and
second threshold values γ1 (m/s2), γ2 (m/s2) (γ1 < γ2) for
determining deceleration of the driving sheave 5 are set
as parameters.
[0045] Processing after initialization is executed re-
peatedly and periodically at a preset sampling period. In
other words, the first and second braking control com-
puting portions 22a and 22b import signals from the front
end portion 23 at predetermined intervals (Step S2).
Next, driving sheave deceleration γ (m/s2) is computed
based on the signals from the front end portion 23 (Step
S3).
[0046] Next, the first and second braking control com-
puting portions 22a and 22b determine whether or not
the driving sheave speed (motor rotational speed) V is
greater than a stopping determining speed V0 and the
driving sheave deceleration γ is greater than the first
threshold value γ1. If these conditions are not satisfied,
commands for opening the first and second brake elec-
tromagnetic relays 13 and 14 are generated (Step S9),
and these commands are transmitted from the braking
control communicating portion 22e to the front end por-
tion 23. The first and second brake coils 11 and 12 are
thereby shut off from the power source, disabling decel-
eration control.
[0047] If conditions V > V0 and γ > γ1 are satisfied, the
first and second braking control computing portions 22a
and 22b generate commands for closing the first and
second brake electromagnetic relays 13 and 14 (Step
S5), and these commands are transmitted from the brak-
ing control communicating portion 22e to the front end
portion 23.
[0048] Now, during emergency stopping of the car 1,
since passage of electric current to the hoisting machine
motor 6 is also shut off, the car 1 may accelerate, or the
car 1 may decelerate, in an interval from generation of
the emergency stop command until the braking force ac-
tually acts, due to imbalances between the load on the
car 1 and the load on the counterweight 2.
[0049] In the first and second braking control comput-
ing portions 22a and 22b, if γ ≤ γ1, it is deemed that the
car 1 is being accelerated immediately after emergency
stop command generation, and the first and second
brake electromagnetic relays 13 and 14 are opened so
as to apply braking force promptly. If γ > γ1, it is deemed
that the car 1 is being decelerated, and deceleration con-
trol is implemented by closing the first and second brake
electromagnetic relays 13 and 14 such that deceleration
does not become excessive.
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[0050] In deceleration control, the first and second
braking control computing portions 22a and 22b deter-
mine whether or not driving sheave deceleration γ is
greater than a second threshold value γ2 (Step S6). If γ
> γ2, commands are generated for ON/OFF switching
the first and second deceleration controlling switches 15
and 16 at preset switching duties (50 percent, for exam-
ple) in order to suppress the driving sheave deceleration
γ (Step S7), and these commands are transmitted from
the braking control communicating portion 22e to the
front end portion 23. Thus, braking force from the braking
device 7 is controlled by applying a predetermined volt-
age to the first and second brake coils 11 and 12. Here,
the first and second deceleration controlling switches 15
and 16 are ON/OFF switched so as to synchronize with
each other.
[0051] If γ ≤ γ2, the first and second deceleration con-
trolling switches 15 and 16 are kept open. Next, the first
and second braking control computing portions 22a and
22b perform a control stopping determination (Step S8).
In the control stopping determination, a determination is
made as to whether the driving sheave speed V is less
than the threshold value V1. If V ≥ V1, return directly to
input processing (Step S2). If V < V1, generate com-
mands for opening the first and second brake electro-
magnetic relays 13 and 14 (Step S9), and then return to
input processing (Step S2).
[0052] Now, Figure 4 is an explanatory diagram that
shows temporal changes in driving sheave speed, driving
sheave deceleration, a state of the first and second brake
electromagnetic relays 13 and 14, and a state of the first
and second deceleration controlling switches 15 and 16
when the car 1 decelerates immediately after emergency
stop command generation.
[0053] If an emergency stop has arisen, the car 1 im-
mediately commences deceleration. When deceleration
reaches γ1 at time T1, the first and second brake elec-
tromagnetic relays 13 and 14 are closed, and when de-
celeration reaches γ2 at time T2, the first and second
deceleration controlling switches 15 and 16 are ON/OFF
switched. Thereafter, when the driving sheave speed be-
comes less than V1, the first and second brake electro-
magnetic relays 13 and 14 are opened, and deceleration
control by the first and second deceleration controlling
switches 15 and 16 is stopped.
[0054] Figure 5 is a flowchart that shows an abnormal-
ity diagnostic operation of the first and second braking
control computing portions 22a and 22b from Figure 2.
The first and second braking control computing portions
22a and 22b call up diagnostic processing such as that
shown in Figure 5 at each point when processing is com-
pleted after input processing (Step S2) in Figure 3.
[0055]  In the abnormality diagnostic operation, com-
patibility between the input values from the front end por-
tion 23 and the computational results by the first and sec-
ond braking control computing portions 22a and 22b is
determined (Step S11). Specifically, if differences be-
tween the input values and the computational results are

within a predetermined range, it is deemed that there is
no abnormality, and a return is made to the next process
in Figure 3.
[0056] If differences between the input values and the
computational results exceed the predetermined range,
it is deemed that there is an abnormality, and commands
for opening the first and second brake electromagnetic
relays 13 and 14 are generated (Step S12), and a failure
detection signal is output to the braking control failure
alarm portion 22d (Step S13).
[0057] When the failure detection signal is received,
the braking control failure alarm portion 22d outputs com-
mands that inform the hoisting machine control portion
21 of the failure of the braking control portion 22, and that
also stop running of the elevator, by means of the braking
control communicating portion 22e.
[0058] In an elevator apparatus of this kind, because
a hoisting machine control communicating portion 21 c
is disposed in a hoisting machine control portion 21, and
a braking control communicating portion 22e is also dis-
posed in a braking control portion 22, and transmitting
and receiving of data between the hoisting machine con-
trol communicating portion 21c and the braking control
communicating portion 22e are enabled, wire saving in-
side a control board can be achieved while suppressing
cost increases by using a chain method in which switch
groups and contact groups are connected in series as
an overall safety circuit.
[0059] Because first and second braking control com-
puting portions 22a and 22b that perform identical com-
putations for controlling a braking device 7 are disposed
in the braking control portion 22, and a braking control
shared memory portion 22c is also disposed, and the first
and second braking control computing portions 22a and
22b compare input signals and computational results with
each other by means of the braking control shared mem-
ory portion 22c, and also output a failure detection signal
from the braking control communicating portion 22e if a
compared result exceeds a predetermined range, failure
of the first and second braking control computing portions
22a and 22b themselves can be detected, enabling brak-
ing control reliability to be improved.
[0060] By achieving wire saving and improving relia-
bility in this manner, labor saving on equipment mainte-
nance, installation, etc., can also be achieved.
[0061] In addition, because the first and second brak-
ing control computing portions 22a and 22b control brak-
ing force from the braking device 7 such that deceleration
of the car 1 is less than or equal to a predetermined value
when the car 1 is made to perform an emergency stop,
and also disable deceleration control by outputting a fail-
ure detection signal, riding comfort during an emergency
stop can be improved, and reliability can also be further
improved.
[0062] Because a front end portion 23 that functions
as an interface between various kinds of signals that in-
clude signals from the first and second encoders 8a and
8b, and the hoisting machine control portion 21 and the
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braking control portion 22 is used, additional wire saving
in the control board can be achieved.
[0063] Because first and second front end computing
portions 23a and 23b that perform identical computations
for finding rotational speed of the driving sheave 5 are
disposed in the front end portion 23 and a front end
shared memory portion 23c is also disposed, and the first
and second front end computing portions 23a and 23b
compare input signals and computational results with
each other by means of the front end shared memory
portion 23c and also output a failure detection signal from
the front end communicating portion 23e if a compared
result exceeds a predetermined range, failure of the first
and second front end computing portions 23a and 23b
themselves, and failure of the first and second encoders
8a and 8b, etc., can be detected, enabling overall system
reliability to be improved.

Embodiment 2

[0064] Next, Figure 6 is a structural diagram that shows
an elevator apparatus according to Embodiment 2 of the
present invention. In the figure, an operation controlling
apparatus 9 has: a hoisting machine control portion 21;
and a front end and braking control portion 24. The front
end and braking control portion 24 includes both a func-
tion as the front end portion 23 and a function as the
braking control portion 22 of Embodiment 1. The hoisting
machine control portion 21 and the front end and braking
control portion 24 are accommodated inside a shared
control board.
[0065] The front end and braking control portion 24
has: first and second front end and braking control com-
puting portions 24a and 24b; a front end and braking
control shared memory portion 24c; a front end and brak-
ing control failure alarm portion 24d; and the front end
and braking control communicating portion 24e.
[0066] The first front end and braking control comput-
ing portion 24a has functions of the first braking control
computing portion 22a and the first front end computing
portion 23a of Embodiment 1. The second front end and
braking control computing portion 24b has functions of
the second braking control computing portion 22b and
the second front end computing portion 23b of Embodi-
ment 1. The rest of the configuration is similar to that of
Embodiment 1.
[0067] In an elevator apparatus of this kind, the number
of parts can be reduced and the configuration simplified,
enabling reductions in the size of the control board to be
achieved, and also enabling costs to be reduced.

Embodiment 3

[0068] Next, Figure 7 is a structural diagram that shows
an elevator apparatus according to Embodiment 3 of the
present invention. In the figure, a front end portion 23
does not have a computing portion or a shared memory
portion, and has only first and second front end commu-

nicating portions 23f and 23g. A braking control portion
22 has first and second braking control communicating
portions 22f and 22g instead of a braking control com-
municating portion 22e. Input signals, deceleration con-
trolling command signals, etc., can thereby be transmit-
ted and received using two direct communication sys-
tems. Communication with a hoisting machine control
portion 21 can be performed by one of the two systems.
The rest of the configuration is similar to that of Embod-
iment 1.
[0069] In an elevator apparatus of this kind, the number
of parts can be reduced and the configuration simplified,
enabling reductions in the size of the control board to be
achieved, and also enabling costs to be reduced.

Embodiment 4

[0070] Next, Figure 8 is a structural diagram that shows
an elevator apparatus according to Embodiment 4 of the
present invention. In the figure, two sets of door opening
sensors 31 that detect if doors are in an open state are
disposed on each of a car door and a plurality of landing
doors. Two sets of floor aligning sensors 32 for adjusting
differences in level between a floor of the car 1 and floors
of the landings when the doors are in an open state are
also disposed on the car 1. Signals from the door opening
sensors 31 and the floor aligning sensors 32 are respec-
tively input into corresponding first and second front end
computing portions 23a and 23b.
[0071] The first and second front end computing por-
tions 23a and 23b detect if the car 1 is driven when the
doors are in an open state based on the signals from the
door opening sensors 31 and the floor aligning sensors
32. The first and second brake electromagnetic relays
13 and 14 and the first and second hoisting machine elec-
tromagnetic relays 17 and 18 are also opened if the first
and second front end computing portions 23a and 23b
determine that the car 1 has moved beyond a predeter-
mined floor alignment zone during a floor aligning oper-
ation.
[0072] If first and second braking control computing
portions 22a and 22b detect that the doors are in an open
state while the car 1 is in motion, the car 1 is made to
perform an emergency stop and deceleration reducing
control of the car 1 or the driving sheave 5 is also imple-
mented during the emergency stopping operation.
[0073] In an elevator apparatus of this kind, because
a power source relative to first and second brake coils
11 and 12 and a hoisting machine motor 6 is shut off
immediately if it is detected that the car 1 has left the floor
alignment zone when the doors are in an open state,
reliability can be improved. Space between the floor of
the car 1 and ceiling portions of the landings, or space
between a ceiling portion of the car 1 and the floors of
the landings, can also be ensured to be large.
[0074] Moreover, in Embodiment 4, if it is detected that
the doors are in an open state, and rotational speed of
the hoisting machine 4 is greater than or equal to a set
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value, electric current to first and second brake coils 11
and 12 may also be controlled by first and second decel-
eration controlling switches 15 and 16 such that the
speed of the hoisting machine 4 follows a target decel-
eration pattern. Thus, because the hoisting machine 4
can be braked in a reduced target deceleration pattern
even if the speed is high, deceleration during emergency
braking can be reduced.
[0075] An operation controlling apparatus 9 according
to Embodiment 4 may also have a configuration similar
to those of Embodiments 2 and 3.
In addition, in Embodiment 4, a function that prevents
motion with the doors open during the floor aligning op-
eration has been given to the first and second front end
computing portions 23a and 23b, but this function may
also be given to the first and second braking control com-
puting portions 22a and 22b.
Other safety monitoring functions may also be given to
the front end computing portions 23a and 23b or the brak-
ing control computing portions 22a and 22b. For exam-
ple, a function that monitors car speeds that can com-
press a terminal floor, or a function that prevents ap-
proach between cars in multi-car elevators, etc., may also
be added.
A rope that has a circular cross section or a belt that has
a flat cross section, etc., can be used as the main rope 3.
In addition, in the above examples, duplex systems have
been described, but a multiplex system that is triplex or
more may also be used.

Claims

1. An elevator apparatus comprising:

a hoisting machine comprising: a driving
sheave; a hoisting machine motor that rotates
the driving sheave; and a braking device that
brakes rotation of the driving sheave;
a suspending means that is wound around the
driving sheave;
a car that is suspended by the suspending
means, and that is raised and lowered by the
hoisting machine;
first and second speed detectors that each gen-
erate a detection signal that corresponds to ro-
tation of the driving sheave;
a hoisting machine control portion that controls
the hoisting machine motor based on the detec-
tion signals from the first and second speed de-
tectors; and
a braking control portion that controls the brak-
ing device based on the detection signals from
the first and second speed detectors,
wherein:

the hoisting machine control portion com-
prises:

a hoisting machine control computing
portion that performs computation for
controlling the hoisting machine motor
based on signals that correspond to the
first and second speed detectors; and
a hoisting machine control communi-
cating portion that performs transmit-
ting and receiving of signals;

the braking control portion comprises:

a first braking control computing portion
that performs computation for control-
ling the braking device based on a sig-
nal that corresponds to the first speed
detector;
a second braking control computing
portion that performs computation for
controlling the braking device based on
a signal that corresponds to the second
speed detector;
a braking control shared memory por-
tion that stores shared data for the first
and second braking control computing
portions; and
a braking control communicating por-
tion that performs transmitting and re-
ceiving of signals to and from the hoist-
ing machine control communicating
portion; and

the first and second braking control comput-
ing portions compare input signals and
computational results with each other by
means of the braking control shared mem-
ory portion, and also output a failure detec-
tion signal from the braking control commu-
nicating portion if a compared result ex-
ceeds a predetermined range.

2. An elevator apparatus according to Claim 1, wherein
the first and second braking control computing por-
tions control braking force from the braking device
such that deceleration of the car is less than or equal
to a predetermined value when the car is made to
perform an emergency stop, and also disable decel-
eration control of the car by outputting the failure
detection signal.

3. An elevator apparatus according to Claim 1, further
comprising a front end portion that has a front end
communicating portion that performs transmitting
and receiving of signals between the hoisting ma-
chine control communicating portion and the braking
control communicating portion, and that functions as
an interface between various kinds of signal includ-
ing signals from the first and second speed detectors
and the hoisting machine control portion and the
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braking control portion.

4. An elevator apparatus according to Claim 3, wherein:

the front end portion further comprises:

a first front end computing portion that com-
putes rotational speed of the driving sheave
based on a signal from the first speed de-
tector;
a second front end computing portion that
computes rotational speed of the driving
sheave based on a signal from the second
speed detector; and
a front end shared memory portion that
stores shared data for the first and second
front end computing portions; and

the first and second front end computing por-
tions compare input signals and computational
results with each other by means of the front end
shared memory portion, and also output a failure
detection signal from the front end communicat-
ing portion if a compared result exceeds a pre-
determined range.

5. An elevator apparatus according to Claim 4, wherein
the front end portion adds data concerning time of
processing to computational results by the first and
second front end computing portions before trans-
mission to the braking control portion.

6. An elevator apparatus according to Claim 4, wherein
the front end portion adds information concerning
failure occurrence location to the failure detection
signal before transmission to the braking control por-
tion.

7. An elevator apparatus according to Claim 4, further
comprising:

a door opening sensor that detects if a door is
in an open state; and
a floor aligning sensor for adjusting a difference
in level between a floor of a landing and a floor
of the car when the door is in an open state,
wherein the first and second front end computing
portions interrupt a power source to the hoisting
machine motor and the braking device if it is de-
termined that the car moves beyond a predeter-
mined floor alignment zone during a floor align-
ing operation based on signals from the door
opening sensor and the floor aligning sensor.

8. An elevator apparatus according to Claim 1, further
comprising:

a door opening sensor that detects if a door is

in an open state,
wherein the first and second braking control
computing portions make the car perform an
emergency stop and also implement decelera-
tion control during an emergency stopping op-
eration if it is detected that the door is in an open
state while the car is in motion.
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