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(7) ABSTRACT

An elevator control apparatus solves a major problem with
a conventional elevator control apparatus in that a state of
charge of a battery is not always maintained at 100%
because of the need for securing an allowance for charging
regenerative electric power, causing generation of an inert
material in the battery with a resultant decrease in an
apparent charging capacity of the battery and a shortened life
of the battery. The elevator control apparatus in accordance
with the invention includes a converter, an inverter, a
controller for controlling a motor based on AC power of a
variable voltage and a variable frequency supplied from the
inverter so as to operate an elevator; a power storage unit for
storing DC power; a charge/discharge control circuit that
issues a drive signal such that an amount of discharge from
the power storage unit increases within a range of power that
can be discharged when an elevator is driven immediately
following completion of uniform charging, and a charge/
discharge circuit for carrying out discharge from the power
storage unit in accordance with the drive signal. This
arrangement permits quick discharging while effectively
using discharge electric power until a state of charge is

.............................................................. 187/290 reached wherein regenerative electric power can be charged.
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ELEVATOR CONTROL APPARATUS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to an elevator control
apparatus utilizing a power storage unit and, more particu-
larly, to an elevator control apparatus capable of uniformly
charging the power storage unit.

[0003] 2. Description of the Related Art

[0004] A conventional elevator control apparatus will be
described with reference to an accompanying drawing. FIG.
16 shows a construction of a conventional elevator control
apparatus disclosed in, for example, Japanese Unexamined
Patent Application Publication No. 61-267675.

[0005] The conventional elevator control apparatus shown
in FIG. 16 includes a commercial three-phase AC power
source 1, a converter 2 composed of diodes or the like, a
capacitor 3, an inverter 4, a motor 5, such as an induction
motor, a hoisting machine 6, an elevator car 7, a counter-
weight 8, and a rope 9. The control apparatus further
includes a power storage unit 10 composed of a battery, a
charging and discharging (hereinafter referred to as “charge/
discharge) circuit 11 composed of a DC/DC converter or the
like for performing power conversion in both directions
between two different DC voltages of a battery voltage and
an inverter input voltage, a charge/discharge control circuit
12 for controlling the charge/discharge circuit 11 as to the
direction of power conversion and battery currents, a voltage
detector 13, a voltage detector 14 for the power source 1, a
battery current detector 15, and a battery charge amount
detector 16.

[0006] An operation of the aforesaid conventional elevator
control apparatus will now be described with reference to
the drawing.

[0007] If the AC power source 1 incurs a power failure,
power is supplied from the power storage unit 10 to an input
section of the inverter 4 by the charge/discharge circuit 11 so
as to drive the motor 5 by the inverter 4 thereby to land an
elevator.

[0008] In normal operation, if an inverter input voltage
drops while an elevator is accelerating, then power is
supplied from the power storage unit 10 to the input section
of the inverter 4 by the charge/discharge circuit 11 so as to
restrain a voltage drop in the input section of the inverter 4.

[0009] Conversely, if the inverter input voltage rises due to
regenerative electric power from the motor 5 while an
elevator is being braked, then power is supplied from the
input section of the inverter 4 to the power storage unit 10
by the charge/discharge circuit 11 so as to charge the power
storage unit 10. When a charge amount of the power storage
unit 10 becomes low, power is supplied from the input
section of the inverter 4 to the power storage unit 10 by the
charge/discharge circuit 11 to charge the power storage unit
10.

[0010] The conventional elevator control apparatus
described above employs a battery as the power storage unit,
and the state of charge of the battery cannot be always
maintained at 100% due to repeated charging and discharg-
ing of the battery according to an operation state of an
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elevator, or for ensuring an allowance for charging regen-
erative electric power. As a result, an inactive material is
generated in the battery, presenting a problem in that an
apparent charging capacity of the battery decreases with a
consequent shortened life of the battery.

SUMMARY OF THE INVENTION

[0011] The present invention has been made with a view
toward solving the problems mentioned above, and it is an
object of the present invention to provide an elevator control
apparatus capable of restraining a drop in charging capacity
of a battery and deterioration of the battery, and also capable
of conducting control to ensure economical charging and
discharging of the battery by minimizing waste of electric
power.

[0012] To this end, according to one aspect of the present
invention, there is provided an elevator control apparatus
including: a converter for rectifying AC power into DC
power; an inverter for converting the DC power into AC
power of a variable voltage and a variable frequency; a
controller for controlling a motor based on the AC power of
the variable voltage and the variable frequency so as to
operate an elevator; a power storage unit for storing the DC
power; a charge/discharge control circuit that issues a drive
signal such that an amount of discharge from the power
storage unit increases within a range of power that can be
discharged when an elevator is driven immediately follow-
ing completion of uniform charging; and a charge/discharge
circuit for carrying out discharge from the power storage
unit in accordance with the drive signal.

[0013] In a preferred form of the elevator control appara-
tus in accordance with the present invention, the charge/
discharge control circuit sets the discharge amount of the
power storage unit to a preset maximum value until a preset
reference value of a charge state is reached, immediately
following the completion of the uniform charging.

[0014] According to another aspect of the present inven-
tion, there is provided an elevator control apparatus includ-
ing: a converter for rectifying AC power into DC power; an
inverter for converting the DC power into AC power of a
variable voltage and a variable frequency; a controller for
controlling a motor based on the AC power of the variable
voltage and the variable frequency so as to operate an
elevator; a power storage unit for storing the DC power; a
charge/discharge control circuit that issues a drive signal for
controlling charge current to a predetermined constant cur-
rent value when charging the power storage unit with
regenerative electric power if a charge state of the power
storage unit indicates a predetermined value or more imme-
diately following completion of uniform charging; and a
charge/discharge circuit for charging the power storage unit
with the regenerative electric power in accordance with the
drive signal.

[0015] According to yet another aspect of the present
invention, there is provided an elevator control apparatus
including: a converter for rectifying AC power into DC
power; an inverter for converting the DC power into AC
power of a variable voltage and a variable frequency; a
controller for controlling a motor based on the AC power of
the variable voltage and the variable frequency so as to
operate an elevator; a power storage unit for storing the DC
power; a charge/discharge control circuit that issues a drive
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signal for starting uniform charging of the power storage
unit at a preset time when the elevator is less frequently
used; and a charge/discharge circuit for starting the uniform
charging of the power storage unit in accordance with the
drive signal.

[0016] In another preferred form of the elevator control
apparatus of the present invention, the charge/discharge
control circuit issues a drive signal for starting uniform
charging of the power storage unit at a preset time in the
nighttime.

[0017] According to still another aspect of the present
invention, there is provided an elevator control apparatus
including: a converter for rectifying AC power into DC
power; an inverter for converting the DC power into AC
power of a variable voltage and a variable frequency; a
controller for controlling a motor based on the AC power of
the variable voltage and the variable frequency so as to
operate an elevator; a power storage unit for storing the DC
power; a charge/discharge control circuit that issues a drive
signal for performing uniform charging of the power storage
unit during a halt of the elevator based on information
regarding an elevator operation supplied by the controller,
measures a time of the uniform charging by a timer, issues
a drive signal for interrupting the uniform charging and
stopping the timer when the elevator is being started, total-
izes an amount of discharge from the power storage unit up
to that moment, and, when the elevator is stopped again,
issues a drive signal for correcting a charging time corre-
sponding to the totalized amount of discharge based on the
uniform charging time measured by the timer before restart-
ing the uniform charging, and also restarts measurement of
uniform charging time by the timer; and a charge/discharge
circuit for starting or interrupting uniform charging of the
power storage unit in accordance with the drive signals.

[0018] According to a further aspect of the present inven-
tion, there is provided an elevator control apparatus includ-
ing: a converter for rectifying AC power into DC power; an
inverter for converting the DC power into AC power of a
variable voltage and a variable frequency; a controller for
controlling a motor based on the AC power of the variable
voltage and the variable frequency so as to operate an
elevator; a power storage unit for storing the DC power; a
charge/discharge control circuit that issues a drive signal for
starting uniform charging of the power storage unit when a
preset two or more days have passed from a day when
previous uniform charging was started; and a charge/dis-
charge circuit that starts uniform charging of the power
storage unit in accordance with the drive signal.

[0019] In a preferred form of the elevator control appara-
tus according to the present invention, the charge/discharge
control circuit issues a drive signal for starting uniform
charging of the power storage unit on a preset day of the
week when the elevator is used less frequently.

[0020] According to another aspect of the present inven-
tion, there is provided an elevator control apparatus includ-
ing: a converter for rectifying AC power into DC power; an
inverter for converting the DC power into AC power of a
variable voltage and a variable frequency; a controller for
controlling a motor based on the AC power of the variable
voltage and the variable frequency so as to operate an
elevator; a power storage unit for storing the DC power; a
charge/discharge circuit for charging the power storage unit
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and causing the power storage unit to discharge according to
a drive signal; and a charge/discharge control circuit that
controls a charge state of the power storage unit and outputs
a drive signal for charging the power storage unit or causing
the power storage unit to discharge, and changes a set
application range of the charge state of the power storage
unit based on an open circuit voltage of the power storage
unit immediately following completion of uniform charge.

[0021] According to a further aspect of the present inven-
tion, there is provided an elevator control apparatus includ-
ing: a converter for rectifying AC power into DC power; an
inverter for converting the DC power into AC power of a
variable voltage and a variable frequency; a controller for
controlling a motor based on the AC power of the variable
voltage and the variable frequency so as to operate an
elevator; a power storage unit for storing the DC power; a
charge/discharge circuit for charging the power storage unit
and causing the power storage unit to discharge according to
a drive signal; and a charge/discharge control circuit that
controls a charge state of the power storage unit and outputs
a drive signal for charging the power storage unit or causing
the power storage unit to discharge, and corrects the charge
state immediately following completion of uniform charge
of the power storage unit.

[0022] 1In a preferred form of the elevator control appara-
tus according to the present invention, the charge/discharge
control circuit sets the charge state of the power storage unit
immediately following completion of uniform charging of
the power storage unit to 100%.

[0023] In another preferred form of the elevator control
apparatus according to the present invention, the charge/
discharge control circuit decides a value of a fully charged
state of the power storage unit based on an open circuit
voltage of the power storage unit immediately following
completion of uniform charge of the power storage unit.

[0024] According to another aspect of the present inven-
tion, there is provided an elevator control apparatus includ-
ing: a converter for rectifying AC power into DC power; an
inverter for converting the DC power into AC power of a
variable voltage and a variable frequency; a controller for
controlling a motor based on the AC power of the variable
voltage and the variable frequency so as to operate an
elevator; a power storage unit for storing the DC power; a
charge/discharge circuit for charging the power storage unit
and causing the power storage unit to discharge according to
a drive signal; and a charge/discharge control circuit that
controls a charge state of the power storage unit and outputs
a drive signal for charging the power storage unit or causing
the power storage unit to discharge, performs uniform
charging of the power storage unit at constant current in a
plurality of steps, and if a charge state of the power storage
unit exceeds 100%, maintains the charge state of the power
storage unit at 100% until discharge from the power storage
unit is carried out, even when more than 100% charging is
performed.

[0025] According to another aspect of the present inven-
tion, there is provided an elevator control apparatus includ-
ing: a converter for rectifying AC power into DC power; an
inverter for converting the DC power into AC power of a
variable voltage and a variable frequency; a controller for
controlling a motor based on the AC power of the variable
voltage and the variable frequency so as to operate an
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elevator; a power storage unit for storing the DC power; a
charge/discharge circuit for charging the power storage unit
and causing the power storage unit to discharge according to
a drive signal; and a charge/discharge control circuit that
controls a charge state of the power storage unit and outputs
a drive signal for charging the power storage unit or causing
the power storage unit to discharge, and calculates a current
value that is uniquely determined relative to a value obtained
by detecting a charge current supplied to the power storage
unit, a DC bus voltage output by the converter, and a voltage
of the power storage unit, and a charge current command
value so as to provide a command value, and PWM-controls
the charge/discharge circuit thereby to control the charge
current supplied to the power storage unit by using the
command value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a block diagram showing a construction
of an elevator control apparatus according to a first embodi-
ment of the present invention;

[0027] FIG.2 is a circuit diagram showing a configuration
of a charge/discharge circuit of the elevator control appara-
tus according to the first embodiment of the present inven-
tion;

[0028] FIG. 3 is a flowchart showing a uniform charging
operation of the elevator control apparatus according to the
first embodiment of the present invention;

[0029] FIG. 4 is a flowchart showing an operation for
setting a discharge amount immediately following comple-
tion of uniform charging of the elevator control apparatus
according to the first embodiment of the present invention;

[0030] FIG. 5 is a flowchart showing an operation for
setting a discharge amount immediately following comple-
tion of uniform charging of an elevator control apparatus
according to a second embodiment of the present invention;

[0031] FIG. 6 is a flowchart showing an operation for
setting a regenerative charge current value immediately
following completion of uniform charging of an elevator
control apparatus according to a third embodiment of the
present invention;

[0032] FIG. 7 is a flowchart showing an operation for
determining a starting time of uniform charging of an
elevator control apparatus according to a fourth embodiment
of the present invention;

[0033] FIG. 8 is a flowchart showing an operation for
correcting and determining starting and implementing time
of uniform charging of an elevator control apparatus accord-
ing to a sixth embodiment of the present invention;

[0034] FIG. 9 is a flowchart showing an operation for
determining a day for implementing uniform charging of an
elevator control apparatus according to a seventh embodi-
ment of the present invention;

[0035] FIG. 10 is a flowchart showing an operation for
determining a day of the week for implementing uniform
charging of an elevator control apparatus according to an
eighth embodiment of the present invention;

[0036] FIG. 11 is a flowchart showing an operation of
controlling a charge state after completion of uniform charg-
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ing of an elevator control apparatus according to a ninth
embodiment of the present invention;

[0037] FIG. 12 is a flowchart showing an operation of
controlling a charge state after completion of uniform charg-
ing of an elevator control apparatus according to a tenth
embodiment of the present invention;

[0038] FIG. 13 is a flowchart showing uniform charging
and a charge state controlling operation of an elevator
control apparatus according to a thirteenth embodiment of
the present invention;

[0039] FIG. 14 is a flowchart showing a detailed operation
of constant current charging of the elevator control appara-
tus according to the thirteenth embodiment of the present
invention;

[0040] FIG. 15 is a PWM waveform chart illustrating a
PWM control method of uniform charging current of an
elevator control apparatus according to a fourteenth embodi-
ment of the present invention; and

[0041] FIG. 16 is a diagram showing a construction of a
conventional elevator control apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0042] An elevator control apparatus according to a first
embodiment of the present invention will be described in
conjunction with the accompanying drawings. FIG. 1 is a
diagram showing a construction of the elevator control
apparatus according to the first embodiment of the inven-
tion. In the drawings, the like reference numerals will denote
like or equivalent components.

[0043] The elevator control apparatus shown in FIG. 1
includes a commercial three-phase AC power source 1, a
converter 2, a capacitor 3, an inverter 4, a motor 5, such as
an induction motor, a hoisting machine 6, an elevator car 7,
a counterweight 8, and a rope 9.

[0044] The motor 5 rotationally drives the hoisting
machine 6 to move the elevator car 7 and the counterweight
8 connected to the two ends of the rope 9 so as to carry
passengers in the car 7 to a predetermined floor level.

[0045] The converter 2 composed of diodes or the like
rectifies AC power supplied from the AC power source 1 to
convert it into DC power. The inverter 4 composed of
transistors, IGBTs or the like converts DC power into AC
power of a variable voltage and a variable frequency.

[0046] The elevator control apparatus shown in the draw-
ing further includes a power storage unit 10 composed of a
battery or the like, a charge/discharge circuit 11 composed of
a DC/DC converter or the like, a charge/discharge control
circuit 12 which is equipped with a clocking function and
controls charge and discharge power of the charge/discharge
circuit 11, a voltage detector 13, a current detector 15
composed of a current transformer or the like for detecting
input/output currents of the power storage unit 10, a voltage
detector 17, an encoder 18, and a current detector 19.

[0047] The elevator control apparatus shown in the draw-
ing further includes a controller 20, an inverter control
circuit 21, a gate drive circuit 22, a resistor 23, a switching
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means 24 composed of an IGBT or the like, a required power
computing circuit 25 for computing required power of an
elevator, and a communication cable 26 for transmitting a
signal indicating the required power computed by the
required power computing circuit 25.

[0048] The controller 20 controls start and stop of the
elevator, and also creates instructions for start/stop positions
and speeds. Based on commands of the controller 20, the
inverter control circuit 21 rotationally drives the motor 5§
based on current feedback from the current detector 19 and
speed feedback from an encoder 18 mounted on the hoisting
machine 6 so as to implement the control of the position and
speed of the elevator. At this time, the inverter control circuit
21 controls output voltage and frequency of the inverter 4
via the gate drive circuit 22.

[0049] If a voltage applied to the capacitor 3 exceeds a
predetermined value, the controller 20 turns on the switch-
ing means 24 to pass current through the resistor 23 so as to
thermally consume a part of power stored in the capacitor 3.
When the voltage of the capacitor 3 lowers to a predeter-
mined value or less, the switching means 24 is turned off.

[0050] The counterweight 8 of the elevator is set such that
it is balanced when the car 7 is loaded with a moderate
number of passengers. For example, when the elevator
travels in a balanced state, it is possible to increase the speed
of the elevator while consuming electric power in an accel-
eration mode, and to turn accumulated speed energy back
into electric power in a deceleration mode.

[0051] FIG. 2 shows a circuit configuration of the charge/
discharge circuit of FIG. 1. Referring to FIG. 2, reference
numeral 27 denotes a reactor, reference numerals 28 and 29
denote switching devices, such as IGBTs or the like, and
reference numerals 30 and 31 denote diodes that are con-
nected inversely in parallel.

[0052] The power storage unit 10 is charged by a step-
down chopper circuit formed by the switching device 28 and
the diode 31. Discharging from the power storage unit 10 is
performed by a step-up chopper circuit formed by the
switching device 29 and the diode 30.

[0053] The operation of the elevator control apparatus
according to the first embodiment will now be described
with reference to the accompanying drawings. FIG. 3 is a
flowchart illustrating a uniform charging operation of the
elevator control apparatus according to the first embodiment
of the present invention. FIG. 4 is a flowchart illustrating an
operation for setting a discharge amount immediately fol-
lowing completion of uniform charging of the elevator
control apparatus according to the first embodiment of the
present invention.

[0054] First, charging is performed by the charge/dis-
charge circuit 11 until the state of charge of the power
storage unit 10 reaches 100% (steps 100 and 101). More
specifically, the charge/discharge control circuit 12 turns on
the switching device 28 of the charge/discharge circuit 11 in
response to a drive signal at a predetermined timing so as to
begin uniform charging of the power storage unit 10. A
charge amount is totalized based on, for example, a voltage
of the power storage unit 10 detected by the voltage detector
17 and a charge current detected by the current detector 15,
and the charging at a constant current is continued until the
totalized value reaches the 100% charge state.
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[0055] Thereafter, forced charging is further performed
(steps 102 and 103) thereby to activate an inert material
accumulated in the power storage unit 10, thus permitting
initial charge/discharge performance to be restored. More
specifically, after the state of charge of the power storage
unit 10 reaches 100%, the charge/discharge control circuit
12 further continues the constant current charging until the
voltage that has dropped once reaches a predetermined
voltage, then terminates the uniform charging when a pre-
determined time passes.

[0056] Immediately following completion of the uniform
charging, a command value of the amount of maximum
discharge from the power storage unit 10 while the elevator
is being driven is increased within a range in which electric
power can be discharged (steps 104 and 105). To be more
specific, the charge/discharge control circuit 12 acquires
operational information, such as start and stop of the eleva-
tor, from the controller 20 through a communication cable
(not shown), and increases, for example, the proportion of
ON time of ON/OFF times of the switching device 29 of the
charge/discharge circuit 11.

[0057] Then, after the state of charge of the power storage
unit 10 drops due to the drive of the elevator, the maximum
discharge amount command value is set back to a predeter-
mined value (steps 106 to 109). More specifically, the
charge/discharge control circuit 12 always monitors dis-
charge current and the voltage of the power storage unit 10
by the current detector 15 and the voltage detector 17, and
calculates the discharge amount based on the discharge
current and the voltage. Then, based on the calculated
discharge amount, the charge/discharge control circuit 12
determines that the charge state of the power storage unit 10
has dropped.

[0058] The elevator control apparatus constructed and
operated as described above permits discharged electric
power to be effectively used for driving the elevator and
allows quick discharge over a wide range of the charge state
of the power storage unit 10 from a high charge state
immediately after completion of uniform charging to a
charge state in which regenerative electric power can be
charged.

Second Embodiment

[0059] An elevator control apparatus according to a sec-
ond embodiment of the present invention will be described
with reference to an accompanying drawing. A construction
of the elevator control apparatus according to the second
embodiment of the invention is the same as that of the first
embodiment discussed above.

[0060] An operation of the elevator control apparatus
according to the second embodiment will now be described
in conjunction with the drawing. FIG. 5 is a flowchart
illustrating an operation for setting a discharge amount
immediately after completion of uniform charging of the
elevator control apparatus according to the second embodi-
ment of the present invention.

[0061] In the first embodiment, the command value of the
amount of the maximum discharge from the power storage
unit 10 was increased within a range in which electric power
can be released. The second embodiment sets a preset
maximum value of electric power that can be discharged
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(steps 200 and 201), and after the elevator is driven and the
charge state of the power storage unit 10 reaches a preset
reference value, the maximum discharge amount command
value is set back to a predetermined value (steps 202 through
205).

[0062] The elevator control apparatus constructed and
operated as described above permits discharged electric
power to be effectively used for driving the elevator and
allows quickest discharge over a wide range of the charge
state of the power storage unit 10 from a high charge state
immediately after completion of uniform charging to a
charge state in which regenerative electric power can be
effectively charged.

Third Embodiment

[0063] An elevator control apparatus according to a third
embodiment of the present invention will be described with
reference to an accompanying drawing. A construction of
the elevator control apparatus according to the third embodi-
ment of the invention is the same as that of the first
embodiment discussed above.

[0064] An operation of the elevator control apparatus
according to the third embodiment will now be described in
conjunction with the drawing. FIG. 6 is a flowchart illus-
trating an operation for setting a regenerative charge current
value immediately after completion of uniform charging of
the elevator control apparatus according to the third embodi-
ment of the present invention.

[0065] Referring to FIG. 6, after completion of uniform
charging, a command value of a charge current at which
regenerative electric power is charged into the power storage
unit 10 is set as a predetermined constant current value
(steps 300 and 301). To be more specific, the regenerative
charge current is normally a current that fluctuates in pro-
portion to regenerative electric power. Therefore, a charge/
discharge control circuit 12 sets a regenerative charge cur-
rent command value internally used as a constant current
value so as to control the charge/discharge circuit 11 at the
constant current.

[0066] Thereafter, when the charge state of the power
storage unit 10 reaches a predetermined value or less due to
the drive of the elevator or the like, the setting for the
constant current charging is cleared (steps 302 through 305).

[0067] In the elevator control apparatus constructed and
operated as described above, the charge state of the power
storage unit 10 after completion of uniform charging is high,
and even in a state where regenerative electric power cannot
be sufficiently charged, maximum electric power (out of all
regenerative electric power) that can be charged into the
power storage unit 10 can be charged by constant current
charging at a predetermined current value. At this time, a
part of the regenerative electric power that cannot be
charged into the power storage unit 10 is charged into a
capacitor 3, and thermally consumed by a resistor 23 if a
voltage of the capacitor 3 reaches a predetermined value or
more.

Fourth Embodiment

[0068] An elevator control apparatus according to a fourth
embodiment of the present invention will be described with
reference to an accompanying drawing. A construction of
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the elevator control apparatus according to the fourth
embodiment of the invention is the same as that of the first
embodiment discussed above.

[0069] An operation of the elevator control apparatus
according to the fourth embodiment will now be described
in conjunction with the drawing. FIG. 7 is a flowchart
illustrating an operation for deciding a starting time for
uniform charging of the elevator control apparatus according
to the fourth embodiment of the present invention.

[0070] Referring to FIG. 7, a charge/discharge control
circuit 12 acquires a current time from a built-in clock
device 12T (steps 400 and 401), and starts the uniform
charging if the acquired time indicates a preset time for
starting the uniform charging (steps 402 and 403).

[0071] The elevator control apparatus constructed and
operated as described above is able to restrain the number of
interruptions of uniform charging and to sufficiently impart
effect of uniform charging to a power storage unit 10 by
setting the time for starting uniform charging so as to carry
out the uniform charging in a time zone wherein an elevator
is used less frequently.

Fifth Embodiment

[0072] In the fourth embodiment discussed above, the
time for starting uniform charging was set so as to imple-
ment the uniform charging in a time zone wherein an
elevator is used less frequently. In a fifth embodiment, the
time zone for carrying out uniform charging is set so as to
start the uniform charging during nighttime when most
elevators are used less frequently. The fifth embodiment
provides an advantage in that electricity rate can be reduced
because nighttime electricity rate is applied, in addition to
the same advantages as those of the fourth embodiment.
Moreover, using electric power during nighttime enables
leveled load of electric power to be achieved, contributing to
solution of environmental issues.

Sixth Embodiment

[0073] An elevator control apparatus according to a sixth
embodiment of the present invention will be described with
reference to an accompanying drawing. A construction of
the elevator control apparatus according to the sixth embodi-
ment of the invention is the same as that of the first
embodiment discussed above.

[0074] An operation of the elevator control apparatus
according to the sixth embodiment will now be described in
conjunction with the drawing. FIG. 8 is a flowchart illus-
trating an operation for deciding a starting time and a
correcting implementation time of uniform charging of the
elevator control apparatus according to the sixth embodi-
ment of the present invention.

[0075] Referring to FIG. 8, a charge/discharge control
circuit 12 starts uniform charging during a halt of an elevator
if it is a time for starting uniform charging (steps 600 and
601). Prior to the start, a timer built in the charge/discharge
control circuit 12 is reset (step 602), and measurement of the
uniform charging time by the timer is begun (step 603). The
time of the measurement by the timer corresponds to the
predetermined time for carrying out forced charging
explained in the first embodiment. The charge/discharge
control circuit 12 obtains operational information, such as
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start and stop, regarding the elevator from a controller 20
through a communication cable (not shown).

[0076] After the uniform charging is begun, the uniform
charging is continued if the elevator remains at a halt, or if
the uniform charging is interrupted if a start of the elevator
is detected and the timer is stopped (steps 604 through 607).
When the timer reaches the above predetermined time, the
uniform charging is ended (steps 605 and 611).

[0077] While the elevator is in operation, amounts of
charging and discharging into and from a power storage unit
10 are totalized, and a charging time measured by the timer
is corrected based on a charging time that corresponds to a
charging and discharging time after a halt of the elevator.
Then, the uniform charging and the measurement by the
timer are restarted (steps 608 through 610).

[0078] In the elevator control apparatus constructed and
operated as described above, uniform charging can be con-
tinuously performed during a halt of the elevator. When the
uniform charging is interrupted due to a start of the elevator,
the measurement of a charging time by the timer and the
correction of the charging time based on a result of the
measurement of a charge or discharge amount while the
elevator is being driven make it possible to complete uni-
form charging without causing insufficiency in charging
amount after the uniform charging is restarted.

Seventh Embodiment

[0079] An elevator control apparatus according to a sev-
enth embodiment of the present invention will be described
with reference to an accompanying drawing. A construction
of the elevator control apparatus according to the seventh
embodiment of the invention is the same as that of the first
embodiment discussed above.

[0080] An operation of the elevator control apparatus
according to the seventh embodiment will now be described
in conjunction with the drawing. FIG. 9 is a flowchart
illustrating an operation for determining an implementation
day of uniform charging of the elevator control apparatus
according to the seventh embodiment of the present inven-
tion.

[0081] Referring to FIG. 9, a charge/discharge control
circuit 12 acquires a current date from a built-in clock device
12T. If a preset number of days, e.g. two or more days, have
passed since a day when a previous uniform charging was
implemented as recorded in a memory or the like, then
uniform charging is performed (steps 700 through 703).
After completion of uniform charging, the date is acquired
from the clock device 12T and recorded in a memory or the
like (steps 704 and 705).

[0082] The elevator control apparatus constructed and
operated as described above permits electricity rate to be
reduced by avoiding performing uniform charging daily, that
is, by reducing the frequency of uniform charging.

Eighth Embodiment

[0083] An elevator control apparatus according to an
eighth embodiment of the present invention will be
described with reference to an accompanying drawing. A
construction of the elevator control apparatus according to
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the eighth embodiment of the invention is the same as that
of the first embodiment discussed above.

[0084] An operation of the elevator control apparatus
according to the eighth embodiment will now be described
in conjunction with the drawing. FIG. 10 is a flowchart
illustrating an operation for determining an implementation
day of the week of uniform charging of the elevator control
apparatus according to the eighth embodiment of the present
invention.

[0085] Referring to FIG. 10, a charge/discharge control
circuit 12 acquires a current day of the week from a built-in
clock device 12T, and if the date is a preset day of the week,
then uniform charging is performed (steps 800 through 8§04).

[0086] The elevator control apparatus constructed and
operated as described above provides the same advantage as
that of the foregoing seventh embodiment and also provides
the same advantage as that of the fourth embodiment by
selecting a day of the week when an elevator is used less
frequently, e.g. Sundays, in an office building.

Ninth Embodiment

[0087] An elevator control apparatus according to a ninth
embodiment of the present invention will be described with
reference to an accompanying drawing. A construction of
the elevator control apparatus according to the ninth
embodiment of the invention is the same as that of the first
embodiment discussed above.

[0088] An operation of the elevator control apparatus
according to the ninth embodiment will now be described in
conjunction with the drawing. FIG. 11 is a flowchart illus-
trating an operation for controlling a state of charge after
completion of uniform charging in the elevator control
apparatus according to the ninth embodiment of the present
invention.

[0089] Referring to FIG. 11, an open circuit voltage of a
power storage unit 10 is measured upon completion of
uniform charging. Based on the measured voltage, a range of
the charge state of the power storage unit 10 used for driving
an elevator is set (steps 900 through 903).

[0090] The charge/discharge control circuit 12 presumes
deterioration of the power storage unit 10 by measuring the
open circuit voltage of the power storage unit 10 by a
voltage detector 17. Based on the deterioration, the charge
state of the power storage unit 10 is determined. When the
power storage unit 10 is new, the charge state will be 100%
upon completion of uniform charging. When the power
storage unit 10 becomes older, the charge state upon comple-
tion of uniform charging does not reach 100% due to
deterioration.

[0091] Hence, if the charge state of the power storage unit
10 upon completion of uniform charging is always defined
as 100% regardless of a degree of deterioration, then the
charge/discharge control circuit 12 sets an applicable charge
state range to, for example, 50% to 80% while the power
storage unit 10 is new. If the charge/discharge control circuit
12 determines from a measured open circuit voltage that the
power storage unit 10 has deteriorated, then it sets the range
to, for example, 55% to 85%.

[0092] The elevator control apparatus constructed and
operated as described above makes it possible to know
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deterioration of the power storage unit 10 from the open
circuit voltage of the power storage unit 10 in a certain
reference condition, such as upon completion of uniform
charging. Thus, by setting the charge state range of the
power storage unit 10 used for driving the elevator accord-
ing to the deterioration, charging and discharging can be
effectively performed, and sufficient electric power required
for an emergency can be secured.

Tenth Embodiment

[0093] An elevator control apparatus according to a tenth
embodiment of the present invention will be described with
reference to an accompanying drawing. A construction of
the elevator control apparatus according to the tenth embodi-
ment of the invention is the same as that of the first
embodiment discussed above.

[0094] An operation of the elevator control apparatus
according to the tenth embodiment will now be described in
conjunction with the drawing. FIG. 12 is a flowchart illus-
trating an operation for controlling a state of charge after
completion of uniform charging in the elevator control
apparatus according to the tenth embodiment of the present
invention.

[0095] Referring to FIG. 12, upon completion of uniform
charging, the charge state of a power storage unit 10 grasped
by a charge/discharge control circuit 12 is corrected to a
preset value (steps 1000 through 1002). More specifically,
the charge/discharge control circuit 12 grasps the charge
state of the power storage unit 10 by totalizing a charge
amount from, for example, a voltage of the power storage
unit 10 detected by a voltage detector 17 and a charge
current detected by a current detector 15.

[0096] Errors of the charge state of the power storage unit
10 grasped by the charge/discharge control circuit 12 are
gradually accumulated as charging into and discharging
from the power storage unit 10 are performed while an
elevator is driven. The elevator control apparatus con-
structed and operated as described above has a reference
state, which is immediately after completion of uniform
charging, so that errors of charge states can be eliminated by
making corrections based on a preset charge state. This
feature allows accurate control of a charge state.

Eleventh Embodiment

[0097] In the tenth embodiment, the set value used for
correcting the charge state of the power storage unit 10
immediately following completion of uniform charging may
be 100% since it is a fully charged state immediately
following completion of uniform charging. In this case also,
the same advantage can be obtained.

Twelfth Embodiment

[0098] In the tenth embodiment, regarding the set value
used for correcting the charge state of the power storage unit
10 immediately following completion of uniform charging,
the deterioration of the power storage unit 10 may be
presumed based on the open circuit voltage of the power
storage unit 10 immediately following uniform charging,
and a correction may be started from 100% based on the
presumed deterioration of the power storage unit 10. In this
case also, the same advantage can be obtained. Moreover,
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since the deterioration is taken into account, a more accurate
state of charge can be detected, making it possible to secure
sufficient electric power necessary for an emergency.

Thirteenth Embodiment

[0099] An elevator control apparatus according to a thir-
teenth embodiment of the present invention will be
described with reference to the accompanying drawings. A
construction of the elevator control apparatus according to
the thirteenth embodiment of the invention is the same as
that of the first embodiment discussed above.

[0100] An operation of the elevator control apparatus
according to the thirteenth embodiment will now be
described in conjunction with the drawing. FIG. 13 is a
flowchart illustrating uniform charging and an operation for
controlling the charge state of the elevator control apparatus
according to the thirteenth embodiment of the invention.
FIG. 14 is a flowchart illustrating a detailed operation of
constant current charging shown in FIG. 13.

[0101] Referring to FIG. 13, in the uniform charging,
constant current charging of a plurality of steps is performed
(steps 1300 through 1303). To be more specific, a charge/
discharge control circuit 12 carries out constant current
charging at a 12A constant current in a first step, the value
of the constant current being decreased thereafter (e.g. n=5).

[0102] As shown in FIG. 14, in each step, the charge state
of a power storage unit 10 is sequentially calculated by the
charge/discharge control circuit 12 while the constant cur-
rent charging is being implemented. When the charge state
exceeds 100%, the charge state remains 100% even if further
charging is carried out. Upon completion of charging, the
next step is started (steps 1310 through 1313).

[0103] More specifically, for the constant current charging
from, for example, the first step to a fourth step, the
charge/discharge control circuit 12 starts the following step
of constant current charging when a voltage detected by a
voltage detector 17 reaches a predetermined voltage in a step
1313. Furthermore, in the constant current charging of a
small current of the last fifth step, for example, the charge/
discharge control circuit 12 decides that the charging is
completed when a predetermined time passes, and termi-
nates uniform charging in step 1313.

[0104] In the elevator control apparatus constructed and
operated as described above, quicker uniform charging can
be accomplished by performing constant current charging in
a plurality of steps of different charging currents. In addition,
electric power used for activating an inert material is not
handled as accumulated electric power, thus enabling a
charge state after completion of uniform charging to be
accurately detected.

Fourteenth Embodiment

[0105] An elevator control apparatus according to a four-
teenth embodiment of the present invention will be
described with reference to an accompanying drawing. A
construction of the elevator control apparatus according to
the fourteenth embodiment of the invention is the same as
that of the first embodiment discussed above.

[0106] An operation of the elevator control apparatus
according to the fourteenth embodiment will now be
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described in conjunction with the drawing. FIG. 15 is a
PWM waveform diagram illustrating a PWM control
method of uniform charging current of the elevator control
apparatus according to the fourteenth embodiment of the
invention.

[0107] Referring to FIG. 15, during a period of time of a
predetermined PWM cycle T, charge current I increases
during a period of time Ty Wherein a switching device 28
is ON, while it decreases during a period of time Tqpx
wherein the switching device 28 is OFF. FIG. 15 shows a
steady state wherein a mean current in one cycle T coincides
with a current command value I ;.

[0108] A charge/discharge control circuit 12 calculates the
ON time Ty of the switching device 28 of a charge/
discharge circuit 11 according to the current command value
I, First, the charge/discharge control circuit 12 detects a
charge current Iy when the switching device 28 turns ON,
a bus voltage (voltage of a capacitor 3) V,, and a voltage Vy
of a power storage unit 10, respectively, at the beginning of
the PWM cycle T, that is, when the switching device 28 turns
ON, by a current detector 15 and voltage detectors 13 and
17. When the charge current is in the steady state as shown
in FIG. 15, an expression (1) shown below holds, wherein
L denotes inductance of a reactor 27 of the charge/discharge
circuit 11:

ION=IIef_(VC_VB)VBT/2LVC (1)

[0109] Hence, the mean current based on the current
command value I, can be controlled by controlling Iy
having the right side of expression (1) as a command value.
Thus, the charge/discharge control circuit 12 uses detected
Ions Ve, and Vg and constants T and L to control an end of
the PWM cycle, i.e., a current I, at the beginning of the
next PWM cycle, and calculates Ty according to an expres-
sion (2) shown below, wherein 0=To=T.

Ton=UrerLon)LIVeH(Vet Va) VeT2Ve (@)

[0110] In the elevator control apparatus constructed and
operated as described above, To=T holds from a moment
immediately following a start of current control to a steady
state, thus permitting the steady state to be reached most
quickly.

[0111] While two values, namely, a maximum value and a
minimum value, in the PWM cycle are required to be
detected to calculate a mean current, the embodiment
requires only a minimum current value be detected to
conduct control based on a mean current.

[0112] Furthermore, a maximum value and a minimum
value do not take unique values in the control based on a
mean current; hence, divergence tends to happen with a
resultant increase in current ripples. In the elevator control
apparatus according to this embodiment, a current value
uniquely defined relative to a current command value pro-
vides a control target. This restrains the divergence, making
it possible to control current ripples to designed current
ripples and to restrain generation of heat of the power
storage unit 10.

[0113] In the above embodiments, the descriptions have
been made of the case of charging; however, the present
invention can be applied in the same manner also to the case
of discharging.
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What is claimed is:
1. An elevator control apparatus comprising:

a converter for rectifying AC power into DC power;

an inverter for converting the DC power into AC power of
a variable voltage and a variable frequency;

a controller for controlling a motor based on the AC
power of the variable voltage and the variable fre-
quency so as to operate an elevator;

a power storage unit for storing the DC power;

a charge/discharge control circuit that issues a drive signal
such that an amount of discharge from the power
storage unit increases within a range of power that can
be discharged when an elevator is driven immediately
following completion of uniform charging; and

a charge/discharge circuit for carrying out discharge from
the power storage unit in accordance with the drive
signal.

2. An elevator control apparatus according to claim 1,

wherein the charge/discharge control circuit sets a dis-
charge amount of the power storage unit to a preset
maximum value until a preset reference value of a
charge state is reached, immediately following the
completion of the uniform charging.

3. An elevator control apparatus comprising:

a converter for rectifying AC power into DC power;

an inverter for converting the DC power into AC power of
a variable voltage and a variable frequency;

a controller for controlling a motor based on the AC
power of the variable voltage and the variable fre-
quency so as to operate an elevator;

a power storage unit for storing the DC power;

a charge/discharge control circuit that issues a drive signal
for controlling charge current to a predetermined con-
stant current value when charging the power storage
unit with regenerative electric power if a charge state of
the power storage unit indicates a predetermined value
or more immediately following completion of uniform
charging; and

a charge/discharge circuit for charging the power storage
unit with the regenerative electric power in accordance
with the drive signal.

4. An elevator control apparatus comprising:
a converter for rectifying AC power into DC power;

an inverter for converting the DC power into AC power of
a variable voltage and a variable frequency;

a controller for controlling a motor based on the AC
power of the variable voltage and the variable fre-
quency so as to operate an elevator;

a power storage unit for storing the DC power;

a charge/discharge control circuit that issues a drive signal
for starting uniform charging of the power storage unit
at a preset time when the elevator is least frequently
used; and
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a charge/discharge circuit for starting the uniform charg-
ing of the power storage unit in accordance with the
drive signal.

5. An elevator control apparatus according to claim 4,

wherein the charge/discharge control circuit issues a drive
signal for starting uniform charging of the power stor-
age unit at a preset time in the nighttime.

6. An elevator control apparatus comprising:

a converter for rectifying AC power into DC power;

an inverter for converting the DC power into AC power of
a variable voltage and a variable frequency;

a controller for controlling a motor based on the AC
power of the variable voltage and the variable fre-
quency so as to operate an elevator;

a power storage unit for storing the DC power;

a charge/discharge control circuit that issues a drive signal
for performing uniform charging of the power storage
unit during a halt of the elevator based on information
regarding an elevator operation supplied by the con-
troller, measures a time of the uniform charging by a
timer, issues a drive signal for interrupting the uniform
charging and stopping the timer when the elevator is
being started, totalizes an amount of discharge from the
power storage unit up to that moment, and, when the
elevator is stopped again, issues a drive signal for
correcting a charging time corresponding to the total-
ized amount of discharge based on the uniform charg-
ing time measured by the timer before restarting the
uniform charging, and also restarts measurement of
uniform charging time by the timer; and

a charge/discharge circuit for starting or interrupting
uniform charging of the power storage unit in accor-
dance with the drive signals.

7. An elevator control apparatus comprising:

a converter for rectifying AC power into DC power;

an inverter for converting the DC power into AC power of
a variable voltage and a variable frequency;

a controller for controlling a motor based on the AC
power of the variable voltage and the variable fre-
quency so as to operate an elevator;

a power storage unit for storing the DC power;

a charge/discharge control circuit that issues a drive signal
for starting uniform charging of the power storage unit
when a preset two or more days have passed from a day
when previous uniform charging was started; and

a charge/discharge circuit that starts uniform charging of
the power storage unit in accordance with the drive
signal.

8. An elevator control apparatus according to claim 7,

wherein the charge/discharge control circuit issues a drive
signal for starting uniform charging of the power stor-
age unit on a preset day of the week when the elevator
is used less frequently.

9. An elevator control apparatus comprising:

a converter for rectifying AC power into DC power;

an inverter for converting the DC power into AC power of
a variable voltage and a variable frequency;
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a controller for controlling a motor based on the AC
power of the variable voltage and the variable fre-
quency so as to operate an elevator;

a power storage unit for storing the DC power;

a charge/discharge circuit for charging the power storage
unit and causing the power storage unit to discharge
according to a drive signal; and

a charge/discharge control circuit that controls a charge
state of the power storage unit and outputs a drive
signal for charging the power storage unit or causing
the power storage unit to discharge, and changes a set
application range of the charge state of the power
storage unit based on an open circuit voltage of the
power storage unit immediately following completion
of uniform charge.

10. An elevator control apparatus comprising:

a converter for rectifying AC power into DC power;

an inverter for converting the DC power into AC power of
a variable voltage and a variable frequency;

a controller for controlling a motor based on the AC
power of the variable voltage and the variable fre-
quency so as to operate an elevator;

a power storage unit for storing the DC power;

a charge/discharge circuit for charging the power storage
unit and causing the power storage unit to discharge
according to a drive signal; and

a charge/discharge control circuit that controls a charge
state of the power storage unit and outputs a drive
signal for charging the power storage unit or causing
the power storage unit to discharge, and corrects the
charge state immediately following completion of uni-
form charge of the power storage unit.

11. An elevator control apparatus according to claim 10,

wherein the charge/discharge control circuit sets the
charge state of the power storage unit immediately
following completion of uniform charging of the power
storage unit to 100%.

12. An elevator control apparatus according to claim 10,

wherein the charge/discharge control circuit decides a
value of a fully charged state of the power storage unit
based on an open circuit voltage of the power storage
unit immediately following completion of uniform
charging of the power storage unit.

13. An elevator control apparatus comprising:
a converter for rectifying AC power into DC power;

an inverter for converting the DC power into AC power of
a variable voltage and a variable frequency;

a controller for controlling a motor based on the AC
power of the variable voltage and the variable fre-
quency so as to operate an elevator;

a power storage unit for storing the DC power;

a charge/discharge circuit for charging the power storage
unit and causing the power storage unit to discharge
according to a drive signal; and
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a charge/discharge control circuit that controls a charge
state of the power storage unit and outputs a drive
signal for charging the power storage unit or causing
the power storage unit to discharge, performs uniform
charging of the power storage unit at constant current
in a plurality of steps, and maintains the charge state of
the power storage unit at 100%, if a charge state of the
power storage unit exceeds 100%, until discharge from
the power storage unit is carried out even when more
than 100% charging is performed.

14. An elevator control apparatus comprising:

a converter for rectifying AC power into DC power;

an inverter for converting the DC power into AC power of
a variable voltage and a variable frequency;

a controller for controlling a motor based on the AC
power of the variable voltage and the variable fre-
quency so as to operate an elevator;

a power storage unit for storing the DC power;

10
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a charge/discharge circuit for charging the power storage
unit and causing the power storage unit to discharge
according to a drive signal; and

a charge/discharge control circuit that controls a charge
state of the power storage unit and outputs a drive
signal for charging the power storage unit or causing
the power storage unit to discharge, calculates a current
value that is uniquely determined relative to a value
obtained by detecting a charge current supplied to the
power storage unit, a DC bus voltage output by the
converter, and a voltage of the power storage unit, and
a charge current command value so as to provide a
command value, and PWM-controls the charge/dis-
charge circuit thereby to control the charge current
supplied to the power storage unit by using the com-
mand value.



