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(54) Elevator control apparatus

(67)  According to one embodiment, there is provided
an elevator control apparatus (20) supplied with electric
power from a battery (11) during a power outage, the
battery (11) being charged with electric power supplied
from a power supply during normal operation of an ele-
vator and being charged with regenerative power gener-
ated by regenerative operation of the elevator during a
power outage. During the power outage, a determiner

(23a) determines whether or not a charging rate of the
battery (11) is greater than or equal to a first upper limit
value. An operation controller (23b) performs operation,
making an operation speed of the elevator during the
regenerative operation less than a rated speed, if it is
determined that the charging rate of the battery (11) is
greater than or equal to the first upper limit value.
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Description
FIELD
[0001] Embodiments described hereinrelate generally

to an elevator control apparatus.
BACKGROUND

[0002] In general, in an elevator, a car and a counter-
weight are suspended at each end of a rope wound about
the axis of rotation of a motor, and by rotation of the motor,
the car moves up and down in the opposite direction to
the counterweight in a traction manner by means of the
rope. Driving control, etc., of the motor is carried out by
an elevator control apparatus installed in a machine
room, etc., of a building in which the elevator is provided.
[0003] The elevator control apparatus operates by be-
ing supplied with required electric power from a commer-
cial power supply (three-phase alternating current power
supply). However, during a power outage, the power sup-
ply from the commercial power supply is stopped. Ac-
cordingly, a mechanism of supplying the elevator control
apparatus with electric power even during a power out-
ageis required to continue operation of an elevator during
a power outage.

[0004] Thus, in recent years, elevators comprise a
power storage device capable of charging a battery with
electric power supplied from a commercial power supply
during normal operation in which the power supply from
the commercial power supply can be carried out. By
bringing the power storage medium into operation during
a power outage, electric power can be supplied from the
power storage device (battery) to an elevator control ap-
paratus even during the power outage, and thus, opera-
tion of an elevator can be continued.

[0005] In addition, with such a power storage device,
a battery can also be charged with regenerative power
(energy) generated in regenerative operation of an ele-
vator during a power outage. The regenerative operation
is such operation in which a motor generates electric
power as a power generator. Also, the regenerative pow-
er is electric power which is generated when a motor
functions as apower generator inregenerative operation.
[0006] Incidentally, in an elevator system comprising
such an elevator control apparatus and a power storage
device as described above, for example, the case where
the charging rate of a battery is set at 100% (neighbor-
hood) during normal operation to enable continuous op-
eration for along time during a power outage is assumed.
[0007] If a power outage occurs in such a case and
regenerative operation is continuously performed in op-
eration of an elevator immediately after the power out-
age, the charging rate of the battery may exceeds a
charge limit (100%) due to regenerative power generated
by the regenerative operation.

[0008] If the charging rate of the battery thus exceeds
a charge limit, the battery cannot be charged with regen-
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erative power generated by regenerative operation.
Thus, in the power storage device, protection of stopping
generation of regenerative power (that is, stopping drive
ofthe above motor) works, and consequently, an elevator
makes an emergency stop although the elevator is in
operation. Such an emergency stop of an elevator leads
to a situation in which passengers are confined in an
elevator (car), or the like.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

FIG. 1 is an exemplary illustration showing mainly a
functional structure of an elevator system including
an elevator control apparatus according to a firstem-
bodiment;

FIG. 2 is an exemplary flowchart showing a process-
ing procedure of the elevator system during normal
operation in the present embodiment;

FIG. 3 is an exemplary flowchart showing a process-
ing procedure of the elevator system during a power
outage in the present embodiment;

FIG. 4 is an exemplary illustration showing a transi-
tion of the charging rate of a battery 11 of during
normal operation and during a power outage in the
present embodiment;

FIG. 5 is an exemplary illustration showing mainly a
functional structure of an elevator system including
an elevator control apparatus according to a second
embodiment;

FIG. 6 is an exemplary flowchart showing a process-
ing procedure of the elevator system during a power
outage in the present embodiment;

FIG. 7 is an exemplary illustration showing a transi-
tion of the charging rate of the battery 11 during nor-
mal operation and a power outage in the present
embodiment; and

FIG. 8 is an exemplary flowchart showing a process-
ing procedure of stopping and resuming the power
supply from the battery 11 in the present embodi-
ment.

DETAILED DESCRIPTION

[0010] Embodiments will be described hereinafter with
reference to the accompanying drawings.

[0011] Ingeneral, according to one embodiment, there
is provided an elevator control apparatus supplied with
electric power from a battery during a power outage, the
battery being charged with electric power supplied from
a power supply during normal operation of an elevator
and being charged with regenerative power generated
by regenerative operation of the elevator during a power
outage. The elevator control apparatus includes deter-
mination means and operation control means. During the
power outage, the determination means determines
whether or not the charging rate of the battery is greater
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than or equal to a first upper limit value. The operation
control means performs operation, making the operating
speed of the elevator during the regenerative operation
less than a rated speed to suppress generation of the
regenerative power, if it is determined that the charging
rate of the battery is greater than or equal to the first
upper limit value.

(First embodiment)

[0012] First, a first embodiment will be described. FIG.
1 is an illustration showing mainly a functional structure
of an elevator system including an elevator control ap-
paratus according to the present embodiment.

[0013] As shown in FIG. 1, the elevator system in-
cludes a power storage device 10 and an elevator control
apparatus 20.

[0014] The power storage device 10 includes a battery
(storage battery) 11, a charging rate detector 12, a con-
troller 13 and a charge and discharge module 14.
[0015] The power storage device 10 is supplied with
required electric power (three-phase alternating current
power) from a commercial power supply 1, which is, for
example, a three-phase alternating current power sup-
ply. In addition, the commercial power supply 1 is con-
figured to supply required electric power also to the ele-
vator control apparatus 20. The power storage device 10
is included in a system (building management system)
used for management of various facilities (elevators,
lighting, air conditioning, etc.) installed in, for example, a
building. According to this building management system,
electric power from the commercial power supply 1 is
supplied also to various facilities (loads) other than the
elevator control apparatus 20.

[0016] The battery 11 is charged with, for example,
electric power supplied from the commercial power sup-
ply 1 (purchase of power) during normal operation of an
elevator. Electric power thus charged into the battery 11
is, forexample, supplied to the elevator control apparatus
20, etc., during a power outage.

[0017] The charging rate detector 12 is a functional
module having the function of detecting the charging rate
of the battery 11. The charging rate of the battery 11 is
the proportion (%) of the amount of electric power with
which the battery 11 is presently charged to the amount
of electric power with which the battery 11 can be
charged.

[0018] The controller 13 is a functional module for con-
trolling the entire power storage device 10. The charge
and discharge module 14 has the function of switching
charging and discharging of the battery 11 on the basis
of control by the controller 13 which is based on the charg-
ing rate of the battery 11 detected by the charging rate
detector 12.

[0019] The elevator control apparatus 20 includes a
driver 21, a motor (M) 22 and a controller 23.

[0020] The driver 21 is configured to drive the motor
22 by supplying predetermined driving power to the motor

10

15

20

25

30

35

40

45

50

55

22. More specifically, the driver 21 is implemented as a
converter device, a smoothing condenser, an inverter de-
vice, etc., which are not shown in the figures.

[0021] The converter device is connected to the com-
mercial power supply 1. The converter device includes
a diode, and is configured to convert three-phase alter-
nating current power supplied from the commercial pow-
er supply 1 into direct current power.

[0022] The smoothing condenser is configured to
smooth a pulsation (ripple) included in direct current pow-
er converted by the converter device.

[0023] The inverter device includes a diode and a
switching element (for example, a transistor), and is con-
figured to convert direct current power smoothed by the
smoothing condenser into alternating current power of
variable voltage and variable frequency by pulse width
modulation (PWM) control and to supply it to the motor
22.

[0024] The axis of rotation of the motor 22 driven by
the driver 21 is mounted with a sheave 31, and a car 33
and a counterweight 34 are suspended at each end of a
rope 32 wound about the sheave 31. In such a structure,
by driving (rotating) the motor 22, the car 33 and the
counterweight 34 can be moved up and down in an ele-
vator shaft in a traction manner by means of the rope 32.
[0025] The controller 23 is a functional module config-
ured to perform operation control of an elevator. The con-
troller 23 includes a determiner 23a and an operation
controller 23b.

[0026] The determiner 23a is configured to determine
whether or not the charging rate of the battery 11 during
a power outage detected by the charging rate detector
12 is greater than or equal to a predetermined value (up-
perlimit value). The operation controller 23b is configured
to perform control of changing the operating speed of an
elevator on the basis of a determination result by the
determiner 23a.

[0027] In the elevator system in the present embodi-
ment, during operation in which the motor 22 performs
power generation as a power generator (hereinafter, ex-
pressed as regenerative operation), electric power (here-
inafter, expressed as regenerative power) is generated
by the power generation.

[0028] During normal operation in which the power
supply from the commercial power supply 1 can be per-
formed, regenerative power is discharged to, for exam-
ple, a power supply line, and is used for power supply to
the above-described various facilities. On the other hand,
during a power outage in which the power supply from
the commercial power supply 1 is stopped, the battery
11 is charged with regenerative power.

[0029] Next, the operation of the elevator system (the
power storage device 10 and the elevator control appa-
ratus 20) in the present embodiment will be described.
Here, processing of the elevator system during normal
operation and processing of the elevator system during
a power outage will be described.

[0030] First, the processing of the elevator system dur-
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ing normal operation in the present embodiment will be
described with reference to the flowchart of FIG. 2. Here,
it is assumed that the battery 11 is charged with electric
power supplied from the commercial power supply 1.
[0031] Here, the charging rate detector 12 included in
the power storage device 10 detects the charging rate of
the battery 11 (step S1). This charging rate of the battery
11is detected by measuring, forexample, a voltage value
of the battery 11. This process of step S1 is periodically
carried out during normal operation.

[0032] Next, the controller 13 determines whether or
not the charging rate of the battery 11 detected by the
charging rate detector 12 is greater than or equal to an
upper limit value (second upper limit value) (step S2).
This upper limit value is preset at a value to the extent
that the charging rate of the battery 11 does not exceed
a charge limit (that is, the charging rate of the battery 11
does not exceed 100%), for example, even if the battery
11is charged with regenerative power generated by gen-
erative operation of a elevator during a power outage.
More specifically, the upper limit value is, for example, a
value within the range of 70 to 90%. In the following de-
scription, the upper limit value used in step S2 will be
referred to as an upper limit value during normal opera-
tion.

[0033] If it is determined that the charging rate of the
battery 11 is greater than or equal to the upper limit value
during normal operation (YES in step S2), the controller
13 stops charging of the battery 11 with electric power
supplied from the commercial power supply 1 by control-
ling the charge and discharge module 14 (step S3).
[0034] On the other hand, if it is determined that the
charging rate of the battery 11 is not greater than or equal
to the upper limit value during normal operation (NO in
step S2), the process of step S3 is not carried out.
[0035] Since such processing is carried out, the charg-
ing rate of the battery 11 during normal operation is made,
for example, less than or equal to 80% (upper limit value
during normal operation), and the battery 11 can be pre-
vented from being charged to a charge limit (100%).
[0036] If the charging rate of the battery 11 decreases
to be less than the upper limit value during normal oper-
ation because electric power of the battery 11 is used for
power supply to various facilities during normal opera-
tion, the battery 11 is charged again with electric power
supplied from the commercial power supply 1, and the
above-described processing shownin FIG. 2is executed.
[0037] Next, the processing of the elevator system dur-
ing a power outage in the present embodiment will be
described with reference to the flowchart of FIG. 3.
[0038] Because the power supply fromthe commercial
power supply 1 is stopped during a power outage, electric
power necessary for powering running of an elevator is
supplied from the battery 11. On the other hand, regen-
erative power generated by regenerative operation of an
elevator during a power outage is returned from (the mo-
tor 22 included in) the elevator control apparatus 20 to
the power storage device 10, and is used for charging
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the battery 11.

[0039] Thatis, in powering running of an elevator dur-
ing a power outage, the battery 11 is in a discharge state,
andinregenerative operation of an elevatorduring a pow-
er outage, the battery 11 is in a charge state. This switch
of the battery 11 between charging and discharging is
carried out by the charge and discharge module 14 on
the basis of control by the controller 13.

[0040] Also, according to the above-described building
management system, during a power outage, electric
power is supplied from the power storage device 10 (the
battery 11) to only required minimum facilities (loads),
for example, an elevator and lighting of various facilities
managed by the building management system. In addi-
tion, in the elevator system in the present embodiment,
even during a power outage, an elevator is operated at
a rated speed (that is, the same speed as that during
normal operation).

[0041] Here, the charging rate detector 12 included in
the power storage device 10 detects the charging rate of
the battery 11 (step S11). The charging rate (signal) of
the battery 11 thus detected by the charging rate detector
12is delivered to the controller 23 included in the elevator
control apparatus 20. This process of step S11 is peri-
odically carried out during a power outage.

[0042] The determiner 23a included in the controller
23 determines whether or not the charging rate of the
battery 11 delivered from the charging rate detector 12
is greater than or equal to an upper limit value (first upper
limit value) (step S12). The upper limit value in step S12
(hereinafter, expressed as an upper limit value during a
power outage) is a value greater than the above-de-
scribed upper limit value during normal operation in step
S2 shown in FIG. 2, and is, for example, a value within
the range of 90 to 99%.

[0043] Here, the amount of regenerative power gener-
ated by the above-described regenerative operation of
an elevator depends on the operating speed of the ele-
vator (car 33). That is, if the operating speed of an ele-
vator during regenerative operation is high-speed, the
amount ofregenerative power is large. Onthe other hand,
if the operating speed of an elevator during regenerative
operation is low-speed, the amount of regenerative pow-
er is small.

[0044] Thus, if it is determined that the charging rate
of the battery 11 is greater than or equal to the upper limit
value during a power outage (YES in step S12), the op-
eration controller 23b included in the controller 23 per-
forms control of operation, making the operating speed
of an elevator during a power outage less than a rated
speed to suppress generation of regenerative power.
Thereby, low-speed operation of an elevator is started
(step S13).

[0045] Regenerative powergenerated by regenerative
operation of an elevator is returned to the side of the
power storage device 10 as described above. When re-
generative power is thus returned to the power storage
device 10, the battery 11 is charged with the regenerative
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power. The regenerative power is, however, also used
to operate each module included in the power storage
device 10 except for charging of the battery 11. That is,
if the amount of regenerative power is small, the regen-
erative power is used for those other than charging of
the battery 11, and thus, even if the regenerative power
is generated, the battery 11 is not charged.

[0046] Thus, if the charging rate of the battery 11 is
greater than or equal to the upper limit value during a
power outage, the operation controller 23b performs op-
eration, reducing the operating speed to the extent of
generating only the amount of regenerative power with
which the battery 11 is not charged (charging of the bat-
tery 11 is not influenced). For example, the operating
speed of an elevator in this case is about a one tenth of
arated speed (operating speed during normal operation).
[0047] On the other hand, if it is determined that the
charging rate of the battery 11 is not greater than or equal
to the upper limit value during a power outage (NO in
step S12), the process of step S13 is not carried out.
[0048] Since such processing is carried out, if the
charging rate of the battery 11 during a power outage is,
for example, greater than or equal to 95% (upper limit
value during a power outage), operation can be contin-
ued while generation of regenerative power is sup-
pressed, by reducing the operating speed.

[0049] In addition, according to the above-described
processing, since the operating speed is made low even
during regenerative operation, the charging rate of the
battery 11 does notincrease, and during a power outage,
electric power necessary for powering running of an el-
evator is supplied from the battery 11. In this case, the
charging rate of the battery 11 decreases in accordance
with operation of an elevator. Thus, after low-speed op-
eration of an elevator is started, the charging rate of the
battery 11 detected periodically as described above may
decrease to be less than the above-described upper limit
value during normal operation (for example, 80%). In this
case, regenerative operation is performed at a rated
speed to enable the battery 11 to be charged with regen-
erative power. Accordingly, if the charging rate of the
battery 11 decreases, the battery 11 can be charged with
regenerative power generated by regenerative opera-
tion.

[0050] As described above, in the present embodi-
ment, during a power outage, if it is determined that the
charging rate of the battery 11 is greater than or equal
to the upper limit value during a power outage (for exam-
ple, 95%), operation is performed, making the operating
speed of an elevator less than a rated speed to suppress
generation of regenerative power. Thereby, in the
present embodiment, the charging rate of the battery 11
is prevented from exceeding a charge limit (that is, the
charging rate of the battery 11 is prevented from exceed-
ing 100%), and an emergency stop of an elevator during
a power outage can be prevented.

[0051] Also, in the present embodiment, the charging
rate of the battery 11 during normal operation (the charg-
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ing rate of the battery 11 charged with electric power from
the commercial power supply 1) is made less than or
equal to the upper limit value during normal operation
(for example, 80%). Thereby, a margin can be allowed
until the charging rate of the battery 11 reaches a charge
limit. Thus, in the present embodiment, even if regener-
ative operation is successively performed in operation of
an elevator immediately after a power outage, the charg-
ing rate of the battery 11 can be prevented from exceed-
ing a charge limit.

[0052] More specifically, according to the present em-
bodiment, the charging rate of the battery 11 during nor-
mal operation and during a power outage transitions as
shown in FIG. 4, and thus the charging rate of the battery
11 can be prevented from exceeding a charge limit.
[0053] If the charging rate of the battery 11 is greater
than or equal to the upper limit value during a power
outage, electric power supplied from the battery 11 may
be more consumed to reduce the charging rate of the
battery 11.

[0054] More specifically, even in a case where opera-
tion is performed, making the operating speed during re-
generative operation less than a rated speed as de-
scribed above, if an elevator is in powering running, the
operating speed of the elevator may be set at the rated
speed. According to such a structure, electric power sup-
plied from the battery 11 can be more consumed, and
thus, the charging rate of the battery 11 can be prevented
from exceeding a charge limit. Also, powering running of
an elevator can be determined in the elevator control
apparatus 20 by acquiring the load of the car 33 and
information on a destination floor before operation of an
elevator.

[0055] In addition, to more consume electric power
supplied from the battery 11, operation may performed,
making the operating speed of an elevator in the case
where an elevator is in powering running greater than a
rated speed.

[0056] Moreover, if the charging rate of the battery 11
is greater than or equal to the upper limit value during a
power outage and powering running of an elevator taken
by no passengers can be performed, electric power from
the battery 11 may be consumed by automatically per-
forming the powering running, toreduce the charging rate
of the battery 11. The case where powering running of
an elevator taken by no passengers can be performed
includes, for example, a case where an elevator taken
by no passengers (that is, the car 33 the load of which
is lighter than the counterweight 34) moves downward in
the elevator shaft.

[0057] In the present embodiment, although the bat-
tery 11 has been described as being included in the pow-
er storage device 10, the battery 11 may be installed, for
example, in the elevator control apparatus 20. In this
case, the elevator control apparatus 20 includes a func-
tional module corresponding to the charging rate detector
12 and the above-described processing shown in FIG. 2
and FIG. 3 is carried out in the elevator control apparatus
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20.
(Second embodiment)

[0058] Next, a second embodiment will be described.
FIG. 5is an illustration showing mainly a functional struc-
ture of an elevator system including an elevator control
apparatus according to the present embodiment.
[0059] Portions identical to those in FIG. 1 described
above will be denoted by the same reference numerals
as those in FIG. 1, and the detailed explanations thereof
will be omitted. Here, mainly portions different from those
in FIG. 1 will be described.

[0060] As shown in FIG. 5, the elevator system in-
cludes a power storage device 100. The power storage
device 100 includes a solar power generation device 101.
[0061] The solar power generation device 101 is in-
stalled, for example, on the roof of a building, etc., and
is a power generation device configured to perform power
generation by using solar energy (natural energy). This
solar power generation device 101 includes a solar bat-
tery panel configured to convert sunlightinto electric pow-
er, an inverter configured to convert a direct current volt-
age output from the solar battery panel into an alternating
current voltage, etc.

[0062] In the present embodiment, the battery 11 in-
cluded in the power storage device 100 can be charged
with electric power generated by the solar power gener-
ation device 101 like this during normal operation and
during a power outage.

[0063] Next, the operation of the elevator system (the
power storage device 100 and the elevator control ap-
paratus 20) in the present embodiment will be described.
Here, processing of the elevator system during normal
operation and processing of the elevator system during
a power outage will be described.

[0064] First, the processing of the elevator system dur-
ing normal operation in the present embodiment will be
described. Here, for convenience, the flowchart shown
in FIG. 2 is referred to for explanations. Here, it is as-
sumed that the battery 11 is charged with electric power
supplied from the commercial power supply 1 and electric
power obtained from the solar power generation device
101.

[0065] In the processing of the elevator system during
normal operation in the present embodiment, steps S1
and S2 shown in FIG. 2 are carried out as in the above-
described first embodiment.

[0066] If it is determined that the charging rate of the
battery 11 is greater than or equal to the upper limit value
during normal operationin step S2, the controller 13 stops
charging of the battery 11 by controlling the charge and
discharge module 14 in step S3. In this case, the charging
of the battery 11 with electric power supplied from the
commercial power supply 1 and electric power generated
by the solar power generation device 101 is stopped. In
this case, electric power generated by the solar power
generation device 101 is not used for charging of the
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battery 11, but is used for power supply to various facil-
ities including the elevator control apparatus 20, etc.
[0067] Since such processingis carried out, the charg-
ingrate of the battery 11 during normal operation is made,
for example, less than or equal to 80% (upper limit value
during normal operation), and the battery 11 can be pre-
vented from being charged to a charge limit (100%).
[0068] As stated above, the processing of the elevator
system during normal operation in the present embodi-
ment is the same as that in the above-described first em-
bodiment, except that the charging of the battery 11 with
electric power supplied from the commercial power sup-
ply 1 and electric power generated by the solar power
generation device 101 is stopped in step S3 described
above. Thus, the detailed explanations thereof are omit-
ted.

[0069] Next, the processing of the elevator system dur-
ing a power outage in the present embodiment will be
described with reference to the flowchart of FIG. 6.
[0070] As explained in the above-described first em-
bodiment, during a power outage, the power supply from
the commercial power supply 1 is stopped, and thus elec-
tric power necessary for powering running of an elevator
is supplied from the battery 11. On the other hand, re-
generative power generated by regenerative operation
of an elevator during a power outage is returned from
(the motor 22 included in) the elevator control apparatus
20 to the power storage device 100, and is used for charg-
ing of the battery 11. Moreover, the battery 11 is charged
with electric power obtained from the solar power gen-
eration device 101.

[0071] Thatis, in powering running of an elevator dur-
ing a power outage, the battery 11 is in a discharge state,
andinregenerative operation of an elevatorduring a pow-
er outage, the battery 11 is in a charge state. This switch
of the battery 11 between charging and discharging is
carried out by the charge and discharge module 14 on
the basis of control by the controller 13.

[0072] Also, as in the above-described first embodi-
ment, according to the above-described building man-
agement system, during a power outage, electric power
is supplied from the power storage device 100 (the bat-
tery 11) to only required minimum facilities (loads), for
example, an elevator and lighting, of various facilities.
Thereby, in the elevator system in the present embodi-
ment, an elevator can be operated at a rated speed (that
is, the same speed as that during normal operation) even
during a power outage.

[0073] In the processing of the elevator system during
apower outage in the present embodiment, first, the proc-
ess of step S21 corresponding to the above-described
process of step S11 shown in FIG. 3 is carried out.
[0074] When the process of step S21 is carried out,
the controller 13 included in the power storage device
100 determines whether or not the charging rate of the
battery 11 detected by the charging rate detector 12 is
greater than or equal to an upper limit value (third upper
limit value) (step S22). The upper limit value in step S22
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(hereinafter, expressed as an upper limit value for solar
power generation) is, for example, a value within the
range of 70 to 90%.

[0075] I[f it is determined that the charging rate of the
battery 11 is greater than or equal to the upper limit value
for solar power generation (YES in step S22), the con-
troller 13 stops charging of the battery 11 with electric
power obtained from the solar power generation device
101 (that is, charging by solar power generation) by con-
trolling the charge and discharge module 14 (step S23).
In this case, electric power generated by the solar power
generation device 101 is not used for charging of the
battery 11, but is used for power supply to various facil-
ities (for example, the elevator control apparatus 20 and
lighting), etc.

[0076] Next, the process of step S24 corresponding to
the above-described process of step S12 shown in FIG.
3is carried out. In the following description, an upper limit
value used in step S24 is referred to as an upper limit
value for regenerative power for convenience. This upper
limit value for regenerative power is the same value as
the upper limit value during a power outage explained in
the above-described first embodiment, and is, for exam-
ple, 95%. The upper limit value for regenerative power
is set at a value greater than the above-described upper
limit value for solar power generation.

[0077] If it is determined that the charging rate of the
battery 11 is greater than or equal to the upper limit value
for regenerative power in step S24, the process of step
S25 corresponding to the above-described process of
step S13 shown in FIG. 3 is carried out.

[0078] Also, if it is determined that the charging rate of
the battery 11 is not greater than or equal to the upper
limit value for solar power generation in step S22 or if it
is determined that the charging rate of the battery 11 is
not greater than or equal to the upper limit value for re-
generative power in step S24, the processing is finished.
[0079] Since such processing is carried out, if the
charging rate of the battery 11 during a power outage is,
for example, greater than or equal to 80% (the upper limit
value for solar power generation), the charging with elec-
tric power obtained from the solar power generation de-
vice 101 is stopped, and thus the charging rate of the
battery 11 is prevented from increasing. Also, if the charg-
ing rate of the battery 11 is, for example, greater than or
equal to 95% (the upper limit value for regenerative pow-
er), operation can be continued while generation of re-
generative power is suppressed, by reducing the oper-
ating speed.

[0080] If the charging rate of the battery 11 detected
periodically as described above decreases to be less
than or equal to the above-described upper limit value
during normal operation (for example, 80%) after low-
speed operation of an elevator is started, regenerative
operation is performed at a rated speed to enable the
battery 11 to be charged with regenerative power. Sim-
ilarly, if the charging rate of the battery 11 decreases to
be less than a predetermined value after the charging by
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solar power generation is stopped, the charging by solar
power generation is resumed by controlling the charge
and discharge module 14. Thereby, if the charging rate
of the battery 11 decreases, the battery 11 can be
charged with regenerative power and by solar power gen-
eration.

[0081] As described above, in the present embodi-
ment, if the charging rate of the battery 11 during a power
outage is greater than or equal to the upper limit value
for solar power generation (for example, 80%), the charg-
ing of the battery 11 with electric power obtained from
the solar power generation device 101 is stopped. Also,
if the charging rate of the battery 11 is greater than or
equal to the upper limit value for regenerative power (for
example, 95%), operation is performed, making the op-
erating speed of an elevator less than a rated speed to
suppress generation of regenerative power. Thereby, in
the present embodiment, the charging rate of the battery
11 is prevented from exceeding a charge limit (that is,
the charging rate of the battery 11 is prevented from ex-
ceeding 100%), and an emergency stop of an elevator
during a power outage can be prevented.

[0082] Also, in the present embodiment, more power
consumption can be reduced by using the solar power
generation device 101 as compared to that in the above-
described first embodiment.

[0083] Moreover, in the present embodiment, the
charging rate of the battery 11 during normal operation
(the charging rate of the battery 11 charged with electric
power from the commercial power supply 1 and electric
power generated by the solar power generation device
101) is less than or equal to the upper limit value during
normal operation (for example, 80%). Thereby, in the
present embodiment, a margin can be allowed until the
charging rate of the battery 11 reaches a charge limit.
[0084] More specifically, according to the present em-
bodiment, because the charging rate of the battery 11
during normal operation and during a power outage tran-
sitions as shown in FIG. 7, the charging rate of the battery
11 can be prevented from exceeding a charge limit.
[0085] If the charging rate of the battery 11 is greater
than or equal to the upper limit value for regenerative
power, electric power supplied from the battery 11 may
be more consumed. The structure for more consuming
electric power supplied from the battery 11 is as ex-
plained in the above-described first embodiment, and
thus the detailed explanations thereof are omitted. Sim-
ilarly, also if the charging rate of the battery 11 is greater
than or equal to the upper limit value for solar power
generation, electric power supplied from the battery 11
may be more consumed.

[0086] Also, in the present embodiment, although the
battery 11 has been described as being included in the
power storage device 100, the battery 11 may be in-
stalled, for example, in the elevator control apparatus 20.
In this case, the elevator control apparatus 20 includes
a functional module corresponding to the charging rate
detector 12 and the above-described processing is car-
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ried out in the elevator control apparatus 20.

[0087] Also, in the present embodiment, although the
battery 11 has been described as being charged with
electric power generated by the solar power generation
device 101, the solar power generation device 101 may
be other power generation devices, for example, a wind
power generation device, as long as power generation
is performed with natural energy.

[0088] In general, if the charging rate of the battery 11
(remaining battery level) becomes less than or equal to
a predetermined value (for example, a value within the
range of 5 to 45%) in the power storage device 100, the
power supply from the battery 11 is stopped. In other
words, if the charging rate of the battery 11 exceeds a
predetermined value, the power supply from the battery
11 is carried out.

[0089] Here, itis assumed that the charging rate of the
battery 11 becomes less than or equal to a predetermined
value (for example, 20%) and the power supply from the
battery 11 is stopped in the case where the solar power
generation device 101 is used as in the present embod-
iment.

[0090] In this case, because the elevator control ap-
paratus 20 cannot operate due to a stop of the power
supply from the battery 11, regenerative power is not
generated. Thus, the battery 11 cannot be charged with
regenerative power.

[0091] On the other hand, even after the power supply
fromthe battery 11 is stopped, the solar power generation
device 101 can operate, and thus the battery 11 can be
charged with electric power obtained from the solar pow-
er generation device 101. Thereby, if the charging rate
of the battery 11 exceeds 20%, the power supply from
the battery 11 is resumed.

[0092] However, the amount of charging of the battery
11 with electric power obtained from the solar power gen-
eration device 101 is very small. Thus, even if the charg-
ing rate of the battery 11 exceeds 20% and the power
supply to the elevator control apparatus 20, etc., is re-
sumed, the charging rate of the battery 11 becomes less
than or equal to 20% in a short time due to the operation
of the elevator control apparatus 20. In this case, the
power supply from the battery 11 is stopped and an ele-
vator makes an emergency stop.

[0093] That is, if the charging rate of the battery 11
becomes less than or equal to 20% in the case where
the solar power generation device 101 is used as in the
present embodiment, a stop (discharge stop) and a re-
sumption (discharge start) of the power supply from the
battery 11 are repeated, and consequently an emergency
stop of an elevator occurs frequently.

[0094] Thus, in the present embodiment, a hysteresis
is provided for a set value (remaining battery level) for
stopping the power supply from the battery 11 and for a
setvalue (remaining battery level) for resuming the power
supply from the battery 11.

[0095] Hereinafter, the processing procedure of stop-
ping and resuming the power supply from the battery 11
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on the basis of the charging rate (remaining battery level)
of the battery 11 in the present embodiment will be de-
scribed with reference to the flowchart of FIG. 8. Here,
the state in which the power supply is carried out from
the battery 11 to the elevator control apparatus 20, etc.,
is assumed.

[0096] Here, the charging rate detector 12 included in
the power storage device 100 detects the charging rate
of the battery 11 as described above (step S31).

[0097] Next, the controller 13 determines whether or
not the charging rate of the battery 11 detected by the
charging rate detector 12 is less than or equal to a pre-
determined set value (first set value) (step S32). The set
value in step S32 (hereinafter, expressed as a set value
for a discharge stop) is a value for determining a stop of
the power supply from the battery 11, and is, for example,
20%.

[0098] If it is determined that the charging rate of the
battery 11 is less than or equal to the set value for a
discharge stop (step S32), the controller 13 stops the
power supply from the battery 11 (discharge of the battery
11) by controlling the charge and discharge module 14
(step S33). In this case, the power supply to the elevator
control apparatus 20 is stopped, and thus the operation
of an elevator is stopped.

[0099] Inthe present embodiment, even during a pow-
er outage after the power supply to the elevator control
apparatus 20 is stopped, the battery 11 can be charged
with electric power obtained from the solar power gen-
eration device 101 as described above.

[0100] Afterthe battery 11 is thus charged with electric
power obtained from the solar power generation device
101, the charging rate detector 12 detects the charging
rate of the battery 11 (step S34).

[0101] Next, the controller 13 determines whether or
not the charging rate of the battery 11 detected by the
charging rate detector 12 is greater than or equal to a
predetermined value (second set value) (step S35). The
set value in step S35 (hereinafter, expressed as a set
value for a discharge start) is a value for determining a
start (resumption) of the power supply from the battery
11. This set value for a discharge start is a value greater
than the above-described set value for a discharge stop,
and is, for example, a value within the range of 10 to
50%. If the set value for a discharge stop is, for example,
20% as described above, the set value for a discharge
start is set at, for example, 30%.

[0102] Ifitis determined that the charging rate of the
battery 11 is greater than or equal to the set value for a
discharge start (step S35), the controller 13 resumes the
power supply from the battery 11 (discharge of the battery
11) by controlling the charge and discharge module 14
(step S36).

[0103] Ifitis determined that the charging rate of the
battery 11 is not less than or equal to the set value for a
discharge stop in the above-described step S32, the
processing is finished and the power supply from the bat-
tery 11 is continued.
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[0104] Also, if it is determined that the charging rate of
the battery 11 is not greater than or equal to the set value
for a discharge start in the above-described step S35,
the battery 11 is charged with electric power obtained
from the solar power generation device 101. In this case,
the processing is repeated, returning to the above-de-
scribed step S34, until the charging rate of the battery 11
exceeds the set value for a discharge start.

[0105] Since such processing is carried out, an emer-
gency stop of an elevator can be prevented from occur-
ring in a short time after the power supply from the battery
11 is resumed.

[0106] If the battery 11 is installed in the elevator con-
trol apparatus 20 as described above, the processing
shown in FIG. 8 is carried out in the elevator control ap-
paratus 20.

[0107] According to at least one embodiment that has
been described above, an elevator control apparatus ca-
pable of preventing an emergency stop of an elevator
during a power outage can be provided.

[0108] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.
[0109] It is explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges

Claims

1. Anelevator control apparatus (20) which is supplied
with electric power from a battery (11) during a power
outage, the battery (11) being charged with electric
power supplied from a power supply during normal
operation of an elevator and being charged with re-
generative power generated by regenerative opera-
tion of the elevator during a power outage, charac-
terized by comprising:

determination means (23a) for, during the power
outage, determining whether or not a charging
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rate of the battery (11) is greater than or equal
to a first upper limit value; and

operation control means (23b) for performing
operation, making an operating speed of the el-
evator during the regenerative operation less
than a rated speed to suppress generation of
the regenerative power, if it is determined that
the charging rate of the battery (11) is greater
than or equal to the first upper limit value.

The elevator control apparatus (20) according to
Claim 1, characterized in that the charging rate of
the battery (11) during the normal operation is less
than or equal to a second upper limit value which is
less than the first upper limit value.

The elevator control apparatus (20) according to
Claim 1 or 2, characterized in that the operation
control means (23b) performs operation at the rated
speed, ifitis determined that the charging rate of the
battery (11) is greater than or equal to the first upper
limit value and the elevator performs powering run-
ning.

The elevator control apparatus (20) according to any
one of Claims 1 to 3, characterized in that the op-
eration control means (23b) performs operation,
making the operating speed of the elevator greater
than the rated speed, if it is determined that the
charging rate of the battery (11) is greater than or
equal to the first upper limit value and the elevator
performs powering running.

The elevator control apparatus (100) according to
any one of Claims 1 to 4, characterized in that:

the battery (11) is charged with electric power
obtained from a power generation device (101)
configured to perform power generation with
natural energy during the normal operation and
during the power outage; and

charging of the battery (11) with electric power
obtained from the power generation device
(101) is stopped, if the charging rate of the bat-
tery (11) is greater than or equal to a third upper
limit value which is less than the first upper limit
value during the power outage.

The elevator control apparatus (100) according to
Claim 5, characterized in that the power generation
device (101) includes a solar power generation de-
vice.

The elevator control apparatus (100) according to
Claim 5 or 6, characterized in that supply of electric
power from the battery (11) to the elevator control
apparatus (100) is stopped when the charging rate
of the battery (11) is less than or equal to a first set
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value, and is resumed when the charging rate of the
battery (11) is greater than or equal to a second set
value which is greater than the first set value.
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