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(57) Abstract: A system for managing elevator power includes a power line connected to a power grid, a motor connected to the
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predetermined threshold value of power supplied from the power line, and to supply both power from the power line and power from
the alternative power source to the motor based on a determination that the predetermined threshold value of power is supplied from
the power line.
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ELEVATOR POWER MANAGEMENT

BACKGROUND OF THE INVENTION

[0001] The present disclosure relates to management of elevator power, and in
particular to using an alternate power source such as a battery to supplement power provided

to an elevator motor from a power line.

[0002] Demand exists for running an elevator with a two-phase power supply, but
line peak power on a two-phase power supply may be insufficient to drive an elevator
weighing approximately 630kg at 1 m/s, for example. In addition, power line fluctuations,

brownouts and intermediate breakdowns may cause the elevator to stop.

BRIEF DESCRIPTION OF THE INVENTION

[0003] Embodiments include a system comprising a power line connected to a power
grid, a motor connected to the power line and configured to receive power from the power
line to drive an elevator, an alternative power source connected to the motor, and a power
control system configured to control the power line to supply power to the motor to drive the
elevator, to detect a predetermined threshold value of power supplied from the power line,
and to supply both power from the power line and power from the alternative power source to
the motor based on a determination that the predetermined threshold value of power is

supplied from the power line.

[0004] Embodiments further include an elevator motor power management circuit,
comprising a speed profile generator configured to detect a rotation speed of the motor
driving an elevator and to detect whether the rotation speed corresponds to a target rotation
speed, and a power controller to detect a power level of a power line connected to a power
grid and an alternative power source and to control the alternative power source to output
power to the motor in addition to power supplied from the power line upon determining that a
power level of the power line is at a predetermined maximum level and the rotation speed of

the motor is less than the target rotation speed.

[0005] Embodiments further include a method, comprising detecting a rotation speed
of a motor configured to drive an elevator, detecting a power level of a power line supplying

power to the motor, and combining power from an alternative power source with power from
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the power line to drive the motor upon determining that the power level of the power line is at
a predetermined maximum level and a rotation speed of the motor is less than a target

rotation speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The subject matter which is regarded as the invention is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed

description taken in conjunction with the accompanying drawings in which:

[0007] FIG. 1 illustrates an elevator power management system according to one
embodiment;
[0008] FIG. 2 illustrates an elevator power management system according to an

embodiment of;

[0009] FIG. 3 is a chart illustrating power supplied to an elevator according to an
embodiment;
[0010] FIG. 4 is a chart illustrating power supplied to an elevator according to an
embodiment;
[0011] FIG. 5 is a chart illustrating regenerative power supplied from a motor

according to one embodiment; and

[0012] FIG. 6 is a flowchart illustrating supplementing power supplied to a motor

from a power line according to one embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0013] FIG. 1 illustrates an elevator power management system 1 according to one
embodiment. The elevator power management system 1 includes power sources 10, including
a power line 11 connected to a power grid and a battery 12. The power sources 10 may
include additional power sources, such as a solar panel 13, wind turbine 14, or other power
generating devices. The system 1 includes an elevator controller 20 and a motor 30
configured to drive an elevator 31. The elevator controller 20 includes a power interface

circuit 21 including an active power converter 22 to convert power from the line 11 and the
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battery 12 to a power on the internal power line 27. For example, if power is supplied from
the line 11 in the form of alternating current (AC), the active power converter 22 may convert

the AC power to direct current (DC) power on the internal line 27.

[0014] The elevator controller 20 may further include a capacitance circuit 24 of one
or more capacitors or capacitive elements and an electrical interface 23 to provide a power
interface between a solar panel 13, wind turbine 14, or other power generating circuit and the
internal power line 27. The elevator controller 20 may further include an inverter 25 to
convert the power of the internal power line 27 to power to be output to the motor 30 and a
drive control circuit 26 configured to control the power output to the motor 30. In one
embodiment, the inverter includes a plurality of switches, such as transistors, that are
controlled to generate an AC current to drive the motor 30. For example, increasing a duty
cycle of a signal by increasing an on time of the switches may increase a power level applied

to the motor 30 to increase the speed of the motor 30.

[0015] In embodiments, the drive control circuit 26 may detect power levels of one or
more of the power sources 10 and may adjust power levels provided from the power interface
circuit to the internal power line 27 accordingly. For example, in one embodiment, the drive
control circuit 26 may detect that a power output from the power line 11 is less than a target
power level, and the drive control circuit 26 may control an output of power corresponding to
the battery 12 from the power interface circuit 21 to provide additional power at the internal

power line 27.

[0016] In other embodiments, the drive control circuit 26 may detect a power level
output from the motor 30, such as power generated by energy resulting from a descending
elevator 31, and may output power from the motor 30, or another regenerative source, to one
or more of the power sources 10, such as the power line 11 and the battery 12 via the power

interface circuit 21.

[0017] FIG. 2 illustrates an elevator power management system 200 according to an
embodiment. Similar to the power management system 1 of FIG. 1, the elevator power
management system 200 includes the power sources 10, including the power line 11
connected to a power grid and the battery 12, and may include additional power sources such
as a solar panel 13 and a wind turbine 14. The system 200 includes the elevator controller 20

and the motor 30. The elevator controller 20 includes the capacitive circuit 24, the inverter
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25, and the drive control circuit 26. Although a battery 12 is illustrated in FIG. 2, any power
storage device capable of storing electrical power and supplying the electrical power to the

power management system may be utilized.

[0018] The active power converter 22 of FIG. 1 corresponds to one or more
charger/booster circuits 203 and 204, and the electrical interface 23 of FIG. 1 corresponds to
a solar interface 205 and a wind turbine interface 206 of FIG. 2. The charger/booster 203 is
connected between the power line 11 connected to the grid and the internal power line 27
connected to the motor 30 via the inverter 25. The charger/booster 203 may include one or
more rectifier circuits, filters, and other circuitry to generate a power level on the internal
power line 27, such as a DC power level. The charger/booster 204 may include one or more

DC/DC converters to convert one DC power level to another DC power level.

[0019] The drive control circuit 26 includes a power controller 201 and a motor
control circuit 202. In one embodiment, the motor control circuit 202 receives signals from
the motor 30 corresponding to an operation of the motor 30, such as a rotation speed of the
motor 30. The motor control circuit 202 outputs a speed control signal to the inverter 25 to
control a power signal output from the inverter 25 to the motor 30. The speed control signal

adjusts a power level output from the inverter 25 to the motor 30 to drive the motor.

[0020] The power controller 201 receives from the power sources 10 signals
indicating an input power level of each of the respective power sources 10, and outputs to the
power interface circuit, including the charger/boosters 203 and 204, the solar interface 205
and the wind turbine interface 206, control signals to control the flow of power from the
power sources 10 to the internal power line 27, and from the internal power line 27 to the

power sources 10.

[0021] The power controller 201 receives from the motor control circuit 202 a power
limit signal when it determines that a power level output by the inverter 25 is at a maximum
threshold level and a motor speed 30 is less than a target speed. In embodiments, the power
controller 201 controls one or more of the charger/booster 204, the solar interface 205, and
the wind turbine interface 206 to increase a power output from the respective power source

10.

[0022] FIG. 3 is a chart illustrating power supplied to the motor 30 according to an

embodiment. When a load on the motor 30, which in one embodiment corresponds to a load
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on an elevator 31, is L1 or less, the motor 30 is capable of operating at full speed based solely
on power LP from the power line 11. The load .1 may correspond to an electrical load,
which may, in turn, correspond to a physical load on the motor 30. For example, when a
heavier load is provided in an elevator 31, the amount of power required to drive the motor

30 at full speed may increase.

[0023] At point L1, the line power LP reaches its limit LPL, so that the power line 11
alone generates insufficient power to operate the motor 30 at full speed. Upon detecting that
the line power limit LPL has been reached, and that the motor 30 operates at less than full
speed, the motor control circuit 202 may output to the power controller 201 the power limit
signal. Upon receiving the power limit signal, the power controller 201 may generate control
signals to one or more of the charger/booster 204, solar interface 205, and the wind turbine
interface 206 to permit power to be output from the charger/booster 204, solar interface 205,
and/or the wind turbine interface 206. The increased power output from the battery 12, solar
panel 13, and/or the wind turbine 14 provides an active power boost B to increase a power

level on the internal power line 27 and to the motor 30.

[0024] In one embodiment, power from the power line 11 provides the primary
power to the motor 30, and power from one or more additional power sources 10, such as a
battery 12, solar panel 13, and a wind turbine 14 provide power to supplement the power line
11. For example, until the drive control circuit 26 detects that the power line 11 is insufficient
to drive the motor 30 at full speed, the drive control circuit 26 may control the power

interface circuit 21 to output power only from the power line 11.

[0025] In another embodiment, the drive control circuit 26 may control the power
interface circuit 21 to output power from more than one power source 10 during regular
operation. For example, the drive control circuit 26 may utilize power from each of the
power line 11, the solar panel 13, and the wind turbine 14 during normal operation, and may
draw power from the battery 12 only when the power generated by the other power sources

10 is insufficient.

[0026] In one embodiment, the power line 11 is a two-phase power line, and the
power generated by the battery 12 is connected to a third phase. In one embodiment, one or

both of the solar panel 13 and the wind turbine 14 are also connected to the third phase.
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[0027] In another embodiment, the battery 12 is charged using power from the
internal power line 27. For example, in one embodiment in which the motor 30 is an elevator
motor, and the elevator 31 includes a regenerative power capability, the motor 30 may output
a power during descent of the elevator 31. In such a case, the inverter 25 may supply power
to the internal power line 27, and the power controller 201 may control the charger/booster
203 and the charger/booster 204 to supply the power from the internal power line 27 to the

power line 11 and the battery 12, respectively.

[0028] In yet another embodiment, a portion of the power generated by the power line
11 and supplied by the charger/booster 203 to the internal power line 27 may be supplied to
the battery 12 via the charger/booster 204. For example, if a load of the motor 30 is less than
L1, excess power that may be provided from the power line 11 may be supplied to the battery

12 to charge the battery 12.

[0029] FIG. 4 is a chart illustrating power supplied to a motor according to one
embodiment. In FIG. 4, the power line 11 drives the motor 30 until a line power limit LPL is
reached, at which point a boost power, B, is provided to maintain a full speed of the motor
30. In FIG. 4, a dashed line is provided to indicate a speed S of the motor 30. Providing the
boost power B to the line power LP allows the speed of the motor 30 to be maintained at a

target level.

[0030] FIG. 5 is a chart illustrating regenerative power supplied from a motor 30
according to one embodiment. When the motor 30, or other regenerative source, generates
power, such as when an elevator 31 descends having a load therein, the elevator 31 includes a
regenerative power system and the regenerative power system generates power, the drive
control circuit 26 provides power LP first to the power line 11. If the generated power
exceeds a threshold value Thresh, then any power B generated that exceeds the threshold

value Thresh is provided to the battery 12 to recharge the battery 12.

[0031] FIG. 6 is a flowchart illustrating supplementing power supplied to a motor 30
from a power line 11 according to one embodiment. In block 601, a motor 30 configured to
drive an elevator 31 is driven by applying power to the motor 30. In block 602, it is
determined whether a desired maximum speed is reached. If so, the process ends. If it is
determined in block 602 that the desired maximum speed has not been reached, then it may

be determined in operation 603 whether the line power is at 100%. If not, than the line power
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may be increased in operation 607, and the speed may be again compared with a target speed

in operation 602.

[0032] In one embodiment, detecting the line power in operation 603 may include
detecting power levels of the power sources 10. Detecting the line power may also include
detecting power input to or output from the inverter 25. In one embodiment, increasing the
line power 607 includes increasing a level of power output from an inverter 25 to the motor
30. For example, a level of power supplied from the power line 11 to the internal power line
27 may be increased by controlling the charger/booster 203, and the power output from the
internal power line 27 to the motor 30 may be increased in operation 607 by increasing a duty

ratio of switches of the inverter 25.

[0033] If it is determined in operation 603 that the line power is at 100%, or that the
power output from the inverter 25 cannot be increased based on the present power input to
the charger/booster 203 and/or the inverter 25, an alternative power level may be increased in
operation 604. In one embodiment, increasing the alternative power level includes increasing
the power from the battery 11 to the internal power line 27. In addition, the power from one
or more additional power sources, such as the solar panel 13, the wind turbine 14, or any
other power source may be increased to the internal power line 27. In one embodiment, the
motor control circuit 202 may output a power limit signal to the power controller 201 to
indicate that the inverter 25 is outputting a maximum power level to the motor 30 based on
the power level of the internal power line 27, and the motor 30 is operating at less than target
speed. The power controller 201 may then output control signals to the charger/booster 204
and one or more of the solar interface 205 and the wind turbine interface 206 to increase a
power provided to the internal power line 27 to thereby increase a power level provided to the

motor 30.

[0034] In block 605, it may be determined whether a target speed has been reached by
the motor 30. For example, the motor 30 may output a sensor signal or a control signal to the
motor control circuit 202 indicating a present motor speed, and the motor control circuit 202
may compare the present motor speed to a target speed. If it is determined in block 605 that a
target speed has been reached, then the process of boosting the power supplied to the motor
30 ends. However, if it is determined in operation 605 that the target speed has not been
reached, it may be determined in block 606 whether the power level supplied from the

alternative power sources 10, including the battery 12 and one or more of the solar panel 13
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and the wind turbine 14, is at 100%. If so, the power boost process ends, and the motor 30 is
operated at a speed less than 100%. Otherwise, the power output from alternative power

sources 604 is increased.

[0035] According to embodiments, a motor 30 configured to drive an elevator 31 may
be operated even when one or more power sources 10 fails or outputs an insufficient level of
power to drive the motor 30 at full speed. For example, even if the battery 12 fails, the power
line 11 may still drive the motor 30 at less than full speed. Conversely, if the power line 11
fails, the battery 12, solar panel 13, and wind turbine 14, or any other alternative power

source 10, may generate power to drive the motor 30.

[0036] In addition, the motor 30 may be operated at full speed even when one or more
of the power sources 10 generates insufficient power to drive the motor 30. For example, if
the power line 11 generates insufficient power to drive a particular load with the motor 30,
one or more alternative power sources, such as the battery 12, the solar panel 13, and the
wind turbine 14 may provide a power boost to provide the additional power to drive the
motor 30. Thus, while in some embodiments the power sources 10 are capable of functioning
in the alternative, such as operating the motor 30 using power from the power line 11 instead
of the battery 12, or operating the motor 30 using power from the battery 12 instead of the
power line 11, in other embodiments, the power sources 10 may be used together to boost

power to levels greater than the power sources 10 operating singly.

[0037] In addition, when more power is generated by one or more of the power line
11, the solar panel 13, and the wind turbine 14 than is needed to drive the motor 20 at a target
speed, any excess generated power may be directed to the battery 12 to charge the battery 12.
For example, when the motor 30 is in an idle state and no power is needed to drive the motor
30, power from the solar panel 13, wind turbine 14, or other power source may be provided to
the internal power line 27, and supplied to the battery 12 via the charger/booster 204. In
addition, when more power is generated by one or more of the power line 11, the solar panel
13, and the wind turbine 14 than is needed to drive the motor 20 at a target speed, any excess
generated power may be directed to the grid, or to the power line 11 connected to the grid. In
one embodiment, part of the excess power is supplied to the grid via the power line 11 and

the rest is supplied to the battery 12.
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[0038] While a solar panel 13 and wind turbine 14 are provided as two examples of
alternative power sources, it is understood that any power source may be provided to the
system 1 or 200 to provide power to the system 1 or 200. In addition, while in one
embodiment the system is described as a three-phase power system, it is understood that
embodiments are not limited to a three-phase power system, but may include power systems
having any number of desired phases. In addition, while embodiments are directed to a motor
30 configured to drive an elevator 31, it is understood that embodiments may be directed to
any system in which a motor 30 drives a vehicle, carriage, platform, or other structure
capable of having a varying load, and configured for providing regenerative power from the

motor 30.

[0039] It is understood that circuits described in embodiments may include hardware,
including processors, memory, logic circuits, and other supporting circuitry to calculate
values, compare signals, process signals, and generate signals. In addition, embodiments
encompass software programs stored in memory and executed by a processor to control the
supply of power from power sources 10 to a motor 30 configured to drive an elevator 31, as

well as from the motor 30 to the power sources 10 in the manner set forth herein.

[0040] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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CLAIMS:

1. A system, comprising:

a power line connected to a power grid;

a motor connected to the power line and configured to receive power from the power
line to drive an elevator;

an alternative power source connected to the motor; and

a power control system configured to control the power line to supply power to the
motor to drive the elevator, to detect a predetermined threshold value of power supplied from
the power line, and to supply both power from the power line and power from the alternative
power source to the motor based on a determination that the predetermined threshold value of
power is supplied from the power line.

2. The system of claim 1, wherein the predetermined threshold value of power is
a maximum power level able to be supplied from the power line.

3. The system of claim 2, wherein the power control system is configured to
determine whether a desired motor output is provided based on the operation of the motor at
the predetermined threshold value, and to increase the power provided from the alternative
power source until the desired motor output is provided.

4. The system of claim 1, wherein the power line is a two-phase power line, and
the alternative power source is connected to a third phase of the power line to generate a
three-phase power signal.

5. The system of claim 1, wherein the alternative power source includes a
battery.

6. The system of claim 5, wherein the alternative power source further includes
at least one of a solar panel and a wind turbine.

7. The system of claim 5, wherein the power control system is configured to
detect a second predetermined threshold value of power supplied from the motor, to supply a
level of power equal to or less than the second predetermined threshold value to the power
line, and to supply a level of power that exceeds the second predetermined threshold value to
the battery.

8. The system of claim 1, further comprising:

a first booster circuit located between the power line and a motor power supply line,

the motor power supply line located between the motor and the first booster circuit; and

10
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a second booster circuit located between the alternative power source and the motor
power supply line.

9. The system of claim 8, wherein the alternative power source includes a battery
and at least one of a solar panel and a wind turbine,

the second booster is located between the battery and the motor power supply line,
and

at least one of a solar interface and a wind turbine interface is located between a
respective one of the solar panel and the wind turbine and the motor power supply line.

10. An elevator motor power management circuit, comprising:

a motor controller configured to detect a rotation speed of the motor driving an
elevator and to detect whether the rotation speed corresponds to a target rotation speed; and

a power controller to detect a power level of a power line connected to a power grid
and an alternative power source and to control the alternative power source to output power
to the motor in addition to power supplied from the power line upon determining that a power
level of the power line is at a predetermined maximum level and the rotation speed of the
motor is less than the target rotation speed.

11. The motor power management circuit of claim 10, wherein the alternative
power source includes a battery.

12. The elevator motor power management circuit of claim 11, wherein the
alternative power source further includes at least one of a solar panel and a wind turbine.

13. The elevator motor power management circuit of claim 10, wherein the power
line is a multi-phase power line and the alternative power source is connected to a phase of
the multi-phase power line.

14. A method, comprising:

detecting a rotation speed of a motor configured to drive an elevator;

detecting a power level of a power line supplying power to the motor; and

combining power from an alternative power source with power from the power line to
drive the motor upon determining that the power level of the power line is at a predetermined
maximum level and a rotation speed of the motor is less than a target rotation speed.

15. The method of claim 14, further comprising increasing a level of power
supplied from the alternative power source until the rotation speed of the motor equals the
target rotation speed.

16. The method of claim 14, wherein the alternative power source includes a

battery.

11
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17. The method of claim 16, wherein the alternative power source further includes
at least one of a solar panel and a wind turbine.

18. The method of claim 16, further comprising:

detecting a second power level of power being supplied from the motor;

comparing the second power level to a predetermined threshold power level;

providing a first portion of the second power level below the predetermined threshold
power level to the power line, and providing a second portion of the second power level at or
above the threshold to the battery.

19. The method of claim 18, wherein providing the first portion of the second
power level to the power line includes supplying power to a power grid, and

providing the second portion of the second power level to the alternative power

source includes recharging the battery.

12
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