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ENERGY SAVINGS WITH OPTIMIZED MOTION PROFILES
BACKGROUND

The present invention relates to elevators, and in particular, to energy losses
during elevator runs.

Typical elevator systems include an elevator car attached to a counterweight by
roping. A hoist motor and a brake act together to move the elevator car and
counterweight up and down an elevator shaft. An elevator drive and controller provide
energy to and control operation of the elevator system. Naturally, energy is needed to
operate the hoist motor, the brake, and the rest of the elevator system. Some of the
energy used performs useful work while other energy used is simply lost during
operation, mostly as heat. In regenerative elevator systems, the hoist motor can
periodically act in a regenerative mode to recuperate some of the energy used.

Some systems attempt to reduce the amount of energy used during operation. For
example, some elevator controllers dispatch different elevator cars to different floors in
an intelligent way to avoid redundant trips and reduce energy used by the overall system.
Even when cars are dispatched intelligently, however, energy losses still occur in each
elevator run. Some elevator systems attempt to operate with energy efficient motion
parameters, but these systems do not tailor the motion parameters to reduce energy losses
for a specific system performing a specific run. Consequently, undesirable and
preventable energy losses continue to occur.

SUMMARY

According to the present invention, an elevator system includes a car, a hoist
motor for elevating and lowering the car, a brake for limiting car movement, an input
device for selecting a destination for a run, and a controller. The controller receives a
command from the input device and controls operation of the hoist motor and the brake.
The controller has a loss reduction mode wherein the controller selects a velocity profile
for the run that varies according to car load, run direction, and run distance to reduce a
combined set of energy losses for the run.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an elevator system of the present invention.

FIG. 2A is a graph illustrating a velocity profile and power loss curve for an up
run with a light load when operating in normal mode.

FIG. 2B is a graph illustrating a velocity profile and power loss curve for an up

run with a light load when operating in loss reduction mode.
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FIG. 3A is a graph illustrating a velocity profile and power loss curve for an up
run with a heavy load when operating in normal mode.

FIG. 3B is a graph illustrating a velocity profile and power loss curve for an up
run with a heavy load when operating in loss reduction mode.

FIG. 4A is a graph illustrating a velocity profile and power loss curve for an up
run with a balanced load when operating in normal mode.

FIG. 4B is a graph illustrating a velocity profile and power loss curve for an up
run with a balanced load when operating in loss reduction mode.

FIG. 5 is a flow chart illustrating a method of operating the elevator system of
FIG. 1 to select a velocity profile.

DETAILED DESCRIPTION

FIG. 1 is a block diagram of elevator system 10, which includes elevator car 12,
counterweight 14, roping 16, pulleys 18 and 20, drive sheave 22, hoist motor 24, encoder
26, brake 28, brake switches 30, load weighing device 32, regenerative drive 34
(including converter 36, inverter 38, and DC bus 40 with capacitor 42), controller 44
(including elevator control 46 and regenerative drive control 48), and user interface 50.

In the diagram shown in FIG. 1, car 12 and counterweight 14 are suspended from
roping 16 in a 2:1 roping configuration. Roping 16 extends from fixed attachment 52
downward to pulley 18, then upward over sheave 22, downward to pulley 20, and
upward to load weighing device 32 and fixed attachment 54. Other roping arrangements
may be used, including 1:1, 4:1, 8:1, and others.

Elevator car 12 is driven upward, and counterweight 14 is driven downward,
when sheave 22 rotates in one direction. Elevator car 12 is driven downward and
counterweight 14 is driven upward when sheave 22 rotates in the opposite direction.
Counterweight 14 is selected to be approximately equal to the weight of elevator car 12
together with an average number of passengers (often estimated at 50% of a maximum
load). Load weighing device 32 is connected to roping 16 to provide an indication of the
total weight of elevator car 12 and its passengers. Load weighing device 32 may be
located in a variety of different locations, such as a dead end hitch, on roping 16, on top
of elevator car 12, underneath the car platform of elevator car 12, etc. Load weighing
device 32 provides the sensed load weight to regenerative drive 34.

Drive sheave 22 is connected to hoist motor 24, which controls the speed and
direction of movement of elevator car 12. Hoist motor 24 is, for example, a permanent

magnet synchronous machine, which may operate as either a motor or as a generator.
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When operating as a motor, hoist motor 24 receives three-phase AC output power from
regenerative drive 34 to cause rotation of drive sheave 22. The direction of rotation of
hoist motor 24 depends on the phase relationship of the three AC power phases.
Regenerative drive 34 receives power from main power supply MP, which can be a
power utility grid for supplying three-phase AC power to regenerative drive 34.
Converter 36 converts the three-phase AC power to DC voltage on DC bus 40. DC bus
40 can include one or more capacitors 42, which stores power for one or more purposes,
such as to smooth the power on DC bus 40. DC voltage on DC bus 40 is then converted
back to three-phase AC power suitable for driving hoist motor 24.

When hoist motor 24 is operating as a generator, power moves in the opposite
direction. Drive sheave 22 rotates hoist motor 24 and causes three-phase AC power to
be delivered from hoist motor 24 to inverter 38 of regenerative drive 34. Inverter 38
converts the three-phase AC power to DC voltage on DC bus 40. Converter 36 then
converts some or all of the DC voltage on DC bus 40 to three-phase AC power suitable
for returning to main power supply MP. In the illustrated embodiment, regenerative
drive 34 sends most of the regenerated power back to main power supply MP, with only
a small amount of regenerated power saved on capacitor 42 of DC bus 40. In an
alternative embodiment, regenerative drive 34 can return regenerated power to a second
power supply such as an energy storage system (not shown) in lieu of, or in addition to,
returning power to main power supply MP.

Controller 44 communicates with the various components in elevator system 10,
including regenerative drive 34, encoder 26, brake 28, brake switches 30, load weighing
device 32, and user interface 50. Elevator control 46 of controller 44 receives inputs
from an input device, such as user interface 50. User interface 50 can include user input
devices such as hall call buttons and other input devices on a control panel within
elevator car 12. Elevator control 46 determines direction in which elevator car 12 should
move and the floors at which elevator car 12 should stop. Elevator control 46 then
delivers control signals to regenerative drive control 48. Regenerative drive control 48
then provides signals to regenerative drive 34 that control when and in what direction to
drive elevator car 12 and also control when to lift brake 28 to allow movement of
elevator car 12, and when to drop brake 28 to limit movement of elevator car 12.

Brake 28 prevents rotation of motor 24 and drive sheave 22. Brake 28 is an
electrically actuated brake that is lifted or maintained out of contact with the motor shaft

when power is delivered to brake 28 by regenerative drive 34. When power is removed
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from brake 28, it drops or engages the shaft of hoist motor 24 (or an attachment to the
shaft) to prevent rotation. Brake switches 30 monitor the state of brake 28, and provide
inputs to regenerative drive 34.

Encoder 26 is mounted on the shaft of hoist motor 24 and provides encoder
signals to regenerative drive control 48. The encoder signals allow regenerative drive 34
to achieve proper phase relationship between stator currents and rotor magnets, usually
referred to as field orientation. Encoder 26 also provides encoder pulses to provide
velocity feedback, so that the actual elevator velocity can be controlled to follow dictated
velocity.

The power required to drive hoist motor 24 varies with acceleration and direction
of movement of elevator car 12, as well as the load in elevator car 12. For example, if
elevator car 12 is being accelerated, or run upward where elevator car 12 and its load
have a combined weight greater than the weight of counterweight 14, or is run downward
where elevator car 12 and its load have a weight that is less than the weight of
counterweight 14, power from regenerative drive 34 is required to drive hoist motor 24,
which in turn rotates drive sheave 22. If elevator car 12 is leveling, or running at a fixed
speed with a balanced load, a lesser amount of power may be required by hoist motor 24
from regenerative drive 34. If elevator car 12 is being decelerated, or run downward
where elevator car 12 and its load have a weight that is greater than counterweight 14, or
run upward where elevator car 12 and its load have a weight that is less than
counterweight 14, elevator car 12 drives sheave 22 and hoist motor 24. In that case,
hoist motor 24 operates as a generator to generate three-phase AC power that is supplied
to regenerative drive 34.

Over a typical day, the sum of work performed by elevator system 10 is
approximately zero on average. This is because driving and regeneration should
generally cancel out by the end of the day as the energy used to lift the masses is
regenerated when those masses are lowered. For example, in a typical office building,
the masses lifted up the building in the morning are lowered at the end of the day. Ina
case where material is being moved into a building, net work will be positive, however
this work is unavoidable and provides direct value to the user. Thus, most of the energy
that is undesirably consumed by elevator system 10 will be due to energy losses in
elevator system 10. Therefore, reducing energy losses in elevator system 10 has a major

impact on reducing total energy used in elevator system 10.
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One major area of energy losses in elevator system 10 are machine losses in hoist
motor 24 and brake 28. Hoist motor 24 has one set of losses from resistance heating of
windings commonly called “copper losses”. In a permanent magnet machine such as
hoist motor 24, current is directly proportional to torque and copper losses are directly
related to the square of the torque generated by hoist motor 24. Torque generated by
hoist motor 24 is proportional to the unbalance of load between elevator car 12 and
counterweight 14 plus the accelerating torque. The copper losses can be approximated
as:

Copper losses = (K1 * (L — Lg) + K2 * Acceleration)"2

The constants K1 and K2 are calculated from system parameters and machine
parameters. L - Ly is the difference between the actual load L in elevator car 12 and a
balanced load Ly that would balance elevator car 12 with counterweight 14. Ultimately,
copper losses are reduced at low values of torque, independent of velocity. Since
acceleration can have either a positive or negative sign, this equation can be solved
algebraically to find the value of acceleration which results in zero copper losses during
either acceleration or deceleration phases of elevator operation, but not both. Zero
copper loss occurs when acceleration = (K1 * (L — Ly))/(-K2). If copper losses during
acceleration were the only losses to consider, this would be the optimum acceleration.
However, as the acceleration affects run time, velocity, and other parameters, it is not
appropriate to optimize copper losses alone.

Hoist motor 24 has another set of losses commonly called “iron losses” or “core
losses”. Iron losses occur as a result of reversals of magnetic fields in iron causing eddy
currents in hoist motor 24, and are a function of motor speed. The iron losses can be
approximated as:

Iron losses = K3 * Velocity"K4

The constants K3 and K4 are calculated from machine parameters particular to a
given hoist motor 24. For example, a PM 138 permanent magnet motor manufactured by
Otis Elevator Company of Farmington Connecticut has a value for K4 of about 1.3.
Ultimately, iron losses are reduced at low values of velocity, largely independent of
acceleration.

Brake 28 has losses resulting from raising and dropping brake 28. When brake
28 is engaged (dropped), typically no energy is used. When brake 28 is lifted, power is

used to hold brake 28 out of engagement until the end of a run when brake 28 is once
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again dropped. In many elevator systems 10, brake power loss is a constant at any given
time, approximated as:

Brake power = K5

In other embodiments of elevator system 10, brake 28 has two power constants,
one based upon power needed to lift brake 28 and another based upon power needed to
hold brake 28 for the course of a run. In both cases, brake losses are reduced for shorter
run times, independent of velocity and acceleration.

Together, total machine power loss is approximated as:

Piorar = (K1 * (L — Lg) + K2 * Acceleration)2 + K3 * Velocity K4 + K5

Actual energy lost for a given run is a time integration of the power loss curve for
that run. Reduction of machine losses for the run can be achieved by selecting a velocity
profile to reduce the area under the power loss curve. This can be better understood by
looking at particular velocity profiles and power loss curves for different runs.

FIGS. 2A — 4B are graphs illustrating velocity profile 100 and power loss curve
102 for a 6 meter (m) long upward runs with different loads. The runs are broken down
into the following sections: First constant jerk J;, constant acceleration A, second
constant jerk J,, constant velocity V, third constant jerk J;, constant deceleration D, and
fourth constant jerk J..

FIG. 2A is a graph illustrating velocity profile 100 and power loss curve 102 for
an up run with a light load when operating in normal mode. A down run with a heavy
load would look similar. The load is 20% of the maximum rated load. In normal mode,

actual values for the velocity profile sections are:

Velocity Profile
Section Value
A 2.5 (m/s"3)
A 1 (m/s”2)
AP -2.5 (m/s"3)
\Y% 1.75 (m/s)
J3 -2.5 (m/s"3)
D -1 (m/s"2)
J4 2.5 (m/s"3)
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This normal mode run has about 8,666 joules in machine losses and takes about
5.6 seconds. The greatest power loss occurs during constant deceleration D. Because
this load is lighter than a balanced load, this up run would actually regenerate energy,
overall. Nonetheless, these machine losses can be reduced, which causes more of the
energy to be converted into regenerated electrical power.

FIG. 2B is a graph illustrating velocity profile 100 and power loss curve 102 for
an up run with a light load when operating in loss reduction mode. The load is again
20% of the maximum rated load. In loss reduction mode, actual values for the velocity

profile sections are:

Velocity Profile
Section Value
I 3 (m/s"3)
A 0.7 (m/s"2)
1> -1 (m/s"3)
\Y% 1.15 (m/s)
I3 -1 (m/s"3)
D -0.6 (m/s"2)
J4 3 (m/s"3)

This loss reduction mode run has about 7,097 joules in machine losses and takes
about 7.2 seconds. This results in a savings of about 1,569 joules and takes about 1.6
seconds longer for the 6 m run.

FIG. 3A is a graph illustrating velocity profile 100 and power loss curve 102 for
an up run with a heavy load when operating in normal mode. A down run with a light
load would look similar. The load is 90% of the maximum rated load. In normal mode,

actual values for the velocity profile sections are the same as those for the normal profile

with the light load:
Velocity Profile
Section Value
Ji 2.5 (m/s"3)
A 1 (m/s"2)
AL -2.5 (m/s"3)
\Y% 1.75 (m/s)
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IR 2.5 (m/s"3)
D 1 (m/s™2)
I 2.5 (m/s"3)

This normal mode run has about 10,634 joules in machine losses and takes about 5.6
seconds. The greatest power loss occurs during constant acceleration A. Because this
load is heavier than a balanced load, this up run would use energy which these machine
losses would add to.

FIG. 3B is a graph illustrating velocity profile 100 and power loss curve 102 for
an up run with a heavy load when operating in loss reduction mode. The load is again
90% of the maximum rated load. In loss reduction mode, actual values for the velocity

profile sections are:

Velocity Profile
Section Value
N 3 (m/s"3)
A 0.6 (m/s"2)
B -1 (m/s"3)
v 1.35 (m/s)
I; -1 (m/s"3)
D -0.6 (m/s"2)
J4 3 (m/s"3)

This loss reduction mode run has about 9,575 joules in machine losses and takes
about 6.9 seconds. This results in a savings of about 1,059 joules and takes about 1.3
seconds longer for the 6 m run.

FIG. 4A is a graph illustrating velocity profile 100 and power loss curve 102 for
an up run with a balanced load when operating in normal mode. A down run with a
balanced load would look similar. The load is 50% of the maximum rated load. In
normal mode, actual values for the velocity profile sections are the same as those for the

normal profile with the light load and with the heavy load:
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Velocity Profile
Section Value
A 2.5 (m/s"3)
A 1 (m/s”2)
AP -2.5 (m/s"3)
\Y% 1.75 (m/s)
J3 -2.5 (m/s"3)
D -1 (m/s"2)
J4 2.5 (m/s"3)

This normal mode run has about 7,263 joules in machine losses and takes about
5.6 seconds. The greatest power loss occurs during constant acceleration A and constant
deceleration D. However, losses in all sections of the velocity profile are relatively low
because K1 * (L — L) = 0. This reduces copper losses throughout the velocity profile.
Because it has a balanced load, this run produces no net work (considering regeneration)
over the run. Thus, all energy use is for losses.

FIG. 4B is a graph illustrating velocity profile 100 and power loss curve 102 for
an up run with a balanced load when operating in loss reduction mode. The load is again
50% of the maximum rated load. In loss reduction mode, actual values for the velocity

profile sections are:

Velocity Profile

Section Value
N 3 (m/s"3)
A 0.7 (m/s"2)
1 -1 (m/s"3)
\Y% 1 (m/s)
J3 -1 (m/s"3)
D -0.7 (m/s"2)
J4 3 (m/s"3)
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This loss reduction mode run has about 5,237 joules in machine losses and takes
about 7.7 seconds. This results in a savings of about 2,026 joules and takes about 2.1
seconds longer for the 6 m run.

The velocity profile for each of the normal mode runs are the same regardless of
load. The goal of the normal run is to provide a relatively quick run while maintaining
rider comfort and safety. The normal mode runs can be useful when speed concerns are
more important than energy savings.

The velocity profiles for the loss reduction mode runs differ not only from the
normal runs, but also from each other. Because copper losses vary with load, the
optimum velocity profile for loss reduction also varies with load. For example, in an up
run with a light load (FIGS. 2A and 2B) the greatest power loss occurs during constant
deceleration D. Power loss during constant acceleration A 1is relatively small.
Consequently, magnitude of acceleration A is greater than magnitude of deceleration D
for the loss reduction mode with the up run with the light load. However, an up run with
a heavy load (FIGS. 3A and 3B) has its greatest power loss during constant acceleration
A. Thus, magnitude of acceleration A for the loss reduction mode with the up run with
the heavy load (FIG. 3B) is less than magnitude of acceleration A for the up run with a
light load (FIG. 2B).

In another example, the up run with a balanced load (FIGS. 4A and 4B) has the
benefit of no copper losses due to load imbalance since K1 * (L. — Lg) = 0. The up run
with the balanced load still has copper losses associated with acceleration (K2 *
Acceleration)”2), but it does not have copper losses just for holding an imbalance of
weight. This causes the loss reduction mode for an up run with a balanced load to have
less incentive to end the run quickly as compared to up runs with either light or heavy
loads. Consequently, the loss reduction mode for the up run with a balanced load
benefits from having a velocity profile with the slowest constant velocity portion as
compared to the other profiles. Copper losses are reduced with reduced acceleration,
iron losses are reduced with reduced velocity. Brake losses did increase due to the
increased run time, however the benefits related to copper and iron loss reductions more
than compensated for the increased brake coil losses. Depending on load, direction, and
distance, a different velocity profile will result in lower machine losses. This shows that
the conventional wisdom of using a single velocity profile for all runs in an attempt to

reduce losses is actually not wise at all.
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The effect of energy consumption for changes in some velocity profile
parameters varies with the load. The effect of energy consumption for changes in other
velocity profile parameters is less load dependent. For example, loss reduction mode
benefited by increasing J; and J4 for light load, heavy load, and balanced load. This is
because when velocity is near zero, energy is lost due to operating brake 28 and due to
copper losses (when supporting an unbalanced load) even if virtually no movement is
occurring. Power output of a slowly turning hoist motor 24 is near zero, while the
copper losses may be near their maximum value, making efficiency of hoist motor 24
close to zero at the beginning and end of an elevator run. Thus, once brake 28 is lifted,
overall energy losses are reduced by reaching constant acceleration relatively quickly.
Similarly, once deceleration is substantially finished, energy losses are reduced by
reaching a stop and dropping brake 28 relatively quickly. Thus, energy losses can be
reduced by increasing jerk magnitude. This shows that the conventional wisdom that
reducing jerk magnitude always reduces energy loss is also in error. By assuming
constant motor efficiency, as done in prior art energy studies, incorrect conclusions for
elevator energy consumption were routinely reached in the past.

While increasing J; and J, has a substantial impact on energy consumption,
modifying the segments for J, and J; have only a minor impact on energy consumption.
This is because J, and J3 occur when elevator system 10 is operating near full speed and
have little impact on running time.

Different systems can benefit from different velocity profiles. In some systems, a
combined set of energy losses for a run in which elevator car 12 has a relatively light
load traveling downward can be reduced by increasing magnitude of deceleration.
Velocity profile parameters can vary in virtually any direction depending on the
interaction on the various potential losses for a particular elevator system 10.

In addition to machine losses, there are also losses related to regenerative drive
34. Drive losses include switching losses for converting between DC and AC power and
are approximately proportional to current. The drive losses can be approximated as:

Drive losses = K6 * (L. — Lg) + K7 * Acceleration

Much like K1 and K2 of the copper losses, the constants K6 and K7 are
calculated from system parameters and machine parameters. Also like copper losses,
drive losses are reduced at low values of acceleration, independent of velocity. Together,

total machine power loss and drive power loss is approximated as:
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Piota = (K1 * (L — Lp) + K2 * Acceleration)*2 + K3 * Velocity"K4 + K5 + (K6 *
(L — Lg) + K7 * Acceleration)

Velocity profiles, similar to those of FIGS. 2A — 4B, can be created such that loss
reduction mode considers machine losses and drive loss, as well as other losses present
in a particular regenerative elevator system. The equations and velocity profiles can also
be modified for use with alternative propulsion technologies, such as induction motors,
or non-regenerative drives which include additional losses in dynamic braking resistors.

A velocity profile can be optimized in a loss reduction mode to reduce losses
while also considering a set of constraints on the loss reduction mode. For example,
maximum values for velocity, acceleration, and jerk can be established to reduce
equipment wear, to increase user safety, and to increase user comfort. Additionally,
maximum values for time for a run can be established to limit run times to a range
acceptable to users. The velocity profile can be selected to reduce energy loss within
these or other constraints.

FIG. 5 is a flow chart illustrating a method of operating elevator system 10 to
select a velocity profile. To begin, an input, such as a user input, is received selecting a
destination (step 110). Once the input is selected, controller 44 determines whether to
operate in normal mode or in loss reduction mode (step 112). This decision can be made
based upon time of day, traffic patterns, power available from main power supply MP
and a second power supply, if any, or other considerations. If loss reduction mode is
selected, run direction, run distance, and car load are determined (step 114). Run
direction and run distance can be determined based upon the input received in step 110
combined with other inputs received. Car load can be determined by load weighing
device 32 as described above with respect to FIG. 1.

Based upon direction, distance, and load, controller 44 then selects a velocity
profile to reduce a combined set of energy losses including motor losses, brake losses,
and drive losses for the run (step 116). Selection of the velocity profile can be performed
in a variety of ways to reduce energy loss within a set of constraints. For example,
controller 44 can reference a lookup table with stored velocity profile values that
correspond to an optimized velocity profile for elevator system 10 considering the
direction, distance, and load for the upcoming run. Alternatively, velocity profile
selection could occur dynamically applying an optimization routine or simply testing all

possible velocity profiles within the constraints.
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If the velocity profile is selected dynamically, controller 44 can first select a
possible velocity profile (step 118). Then controller 44 can determine motor losses (step
120), brake losses (step 122), and drive losses (step 124) as well as any other relevant
losses for the possible velocity profile. Next, controller 44 can calculate the combined
energy losses to find a total energy lost for the possible velocity profile (step 126). Steps
118 — 126 can be repeated until controller 44 converges on an optimized velocity profile
or until controller 44 tests all possible velocity profiles. Once a sufficient number of
possible velocity profiles have been considered, an actual velocity profile where energy
losses are substantially minimized within a set of constraints is selected (step 128). The
terms ‘“‘optimized” and “minimized” do not, of course, suppose that controller 44
calculates all possible energy losses with perfection. Instead, optimizing and minimizing
refer to selecting the velocity profile with the smallest total energy losses, as calculated
by controller 44, within the constraints.

After the velocity profile is selected, controller 44 controls motion of elevator car
12 according to the selected velocity profile (step 130). Regenerative drive 34, brake 28,
hoist motor 24, and all of elevator system 10 are operated so as to move elevator car 12
from a beginning of the run to a destination of the run with jerk, acceleration, and
velocity selected to reduce energy losses.

If, on the other hand, normal mode is selected at step 112, then controller 44
selects a normal velocity profile (step 132). The normal velocity profile can be selected
to reduce run time and provide desired ride quality according to virtually any method
known in the art. Then controller 44 controls motion of elevator car 12 according to the
normal mode velocity profile (step 134). Once elevator car 12 is at its destination, the
method can be repeated in part or in entirety.

This method of reducing energy losses allows elevator system 10 to operate
substantially more efficiently. Since elevator system 10 is a regenerative system, these
loss reductions can amount to a significant portion of the total energy used by elevator
system 10. This can be particularly useful in a variety of circumstances such as times of
low traffic, times of high energy cost from main power supply MP, and times of poor
energy or no energy being supplied by main power supply MP. In the loss reduction
mode, the velocity profile can be optimized within a set of constraints to ensure safety
and comfort and to limit delay. When greater speed is desired, elevator system 10 can
operate in normal mode. Thus, elevator system 10 has the flexibility to adjust to various

situations.
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While the invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing from
the scope of the invention. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from
the essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiments disclosed, but that the invention will include all
embodiments falling within the scope of the appended claims. For example, the method
described with respect to FIG. 5 can be used with a modified version of elevator system
10 or virtually any elevator system that benefits from operating in a loss reduction mode
as herein described. Additionally, optimized velocity profiles for different systems
performing different runs will look different than those illustrated in FIGS. 2B, 3B, and
4B.
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CLAIMS:
1. An elevator system comprising:
a car;

a hoist motor for elevating and lowering the car;

a brake for limiting car movement;

an input device for selecting a destination for a run; and

a controller for receiving a command from the input device and for controlling
operation of the hoist motor and the brake, wherein the controller has a
loss reduction mode wherein the controller selects a velocity profile for
the run that varies according to car load, run direction, and run distance to
reduce a combined set of energy losses for the run.

2. The elevator system of claim 1, wherein the combined set of energy losses
includes motor losses, brake losses, and drive losses

3. The elevator system of claim 1, wherein the combined set of energy losses is
substantially minimized within a set of constraints in the loss reduction mode.

4. The elevator system of claim 3, wherein the set of constraints includes limits on
velocity, acceleration, jerk, and time for the run.

5. The elevator system of claim 1, and further comprising:

a regenerative elevator drive for driving the hoist motor when operating in a drive
mode and for delivering regenerated electrical power to a power supply
when operating in a regeneration mode.

6. The elevator system of claim 1, wherein the controller further has a normal mode
in which a normal velocity profile for the run has a combined set of energy losses greater
than that of the velocity profile selected in the loss reduction mode.
7. The elevator system of claim 6, wherein a portion of the velocity profile selected
in the loss reduction mode has a greater jerk value at a beginning or end of the run than a
corresponding portion of the normal velocity profile selected in the normal mode for the
run.
8. The elevator system of claim 6, wherein a portion of the velocity profile selected
in the loss reduction mode has a greater magnitude of deceleration than a corresponding
portion of the normal velocity profile selected in the normal mode for the run.
9. An elevator system comprising:

a car;

a hoist motor for elevating and lowering the car;

15
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a brake for limiting car movement;
an input device for selecting a destination for a run; and
a controller for receiving a command from the input device and for controlling
operation of the hoist motor and the brake, wherein the controller has a
normal mode that selects a first velocity profile for the run and a loss
reduction mode that selects a second velocity profile for the run, wherein
the second velocity profile uses less energy for the run than that of the
first velocity profile, and wherein the second velocity profile has greater
maximum jerk magnitude than the first velocity profile.
10. The elevator system of claim 9, wherein the second velocity profile varies
according to car load, run direction, and run distance to reduce a combined set of energy
losses including motor losses, brake losses, and drive losses for the run.
11. The elevator system of claim 9, wherein the combined set of energy losses is

substantially minimized within a predetermined set of constraints in the loss reduction

mode.
12. The elevator system of claim 9, and further comprising:

a regenerative elevator drive for driving the hoist motor when operating in a drive
mode and for delivering regenerated electrical power to a power supply
when operating in a regeneration mode.

13. The elevator system of claim 9, wherein jerk at the beginning and jerk at the end

of the first velocity profile have magnitudes greater than jerk at the beginning and jerk at
the end of the second velocity profile, respectively.
14. A method for operating an elevator, the method comprising:
receiving a command for a run in an elevator car;
selecting a velocity profile as a function of run direction, run distance, and car
load to reduce a combined set of energy losses for that run; and
controlling motion of the elevator car according to the selected velocity profile.
15. The method of claim 14, wherein the combined set of energy losses includes
motor losses, brake losses, and drive losses.
16. The method of claim 14, and further comprising:
determining the combined set of energy losses for a plurality of potential velocity
profiles based upon the run direction, run distance, and car load prior to

selecting the velocity profile.
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17. The method of claim 16, wherein determining the combined set of energy losses
includes:
determining copper and iron energy losses for a permanent magnet motor to
move the elevator car over the course of the run;
determining energy losses to operate a brake over the course of the run;
determining switching energy losses to operate an elevator drive over the course
of the run; and
calculating the combined set of energy losses to include losses for the permanent
motor, the brake, and the elevator drive.
18. The method of claim 14, wherein the combined set of energy losses for the
velocity profile selected is smaller than that for a normal velocity profile.
19. The method of claim 14, wherein combined energy loss is minimized within a
predetermined set of constraints that include limits on velocity, acceleration, jerk, and
time.
20. The method of claim 14, and further comprising:
determining whether to move the elevator car in a normal mode or a loss

reduction mode prior to selecting the velocity profile.

17



PCT/US2009/050730

WO 2011/008207

/8

oc

[ 914

43

1

90INSP
Buiybiom
vG| peoq

2

soyayms |
oxelg
Y

)

oxelq
3

X

Japoou
3

FQM

{
4

\

or
\an
IOV SITLNT
dgsnN

|||||||||||||||| .
| W 7
_

_
| TOLLNOD JOLVYNTTT "
l _
b _
| ! i
N |
T TOSLNO? _
~ INIYA NILYIINTITY |
. _
| — T —

_| D - ." diN

_

Jojowl _ Iﬁl |
) Sl Bl == FE 7 SILINOD

vy [ |
N R A A

9oc



PCT/US2009/050730

WO 2011/008207

2/8

Ve 91 (225) auiy
/ ST T T ] N8
| N |, | _
001 —F N [T F 0
| I NI Gk I
() Auoon — o bl N T
(M) S5O J2MOY  ------ _ .ﬂ _ ..._ _ _ _
s — T €
|| 11 || _
1 ] 1 17
|| | | | | ],

tr g & 4 2 v
o7 LYBI7 Uny dr) ‘2poyy [ulioN

(M) Jamoy Jo (S/u) paads



PCT/US2009/050730

WO 2011/008207

3/8

gc 214

00] —

(syw) K202 —

(M) 5SSO JomOy4

(225) 2w

el ke

vr 0 & A Zr
PO 44bIT7 ‘U dr) “apoy o NP3y SSo7

(M) Jamoy Jo (S/u) paads



PCT/US2009/050730

WO 2011/008207

4/8

Ve 914

(225) 2l

4

00] —

(s/w) Auooj2) —

(M) SSO7 damoy

Y, m

7T
PDO7 AND31{ “Unyy dn) ‘apoyy [puIoN

(M) uamoy Jo (S/w) paads



PCT/US2009/050730

WO 2011/008207

5/8

g€« 214

(025) 2u

4

00l —

(s/w) A120j2/) —

(M) $507 Jamo

)
_— — 4 —eew

Y _ _

‘r

T &r A er 4
PDOT AAD3K ‘Ung af) ‘poyy UoILoNpay SSO7

(M) uamoy Jo (S paads



PCT/US2009/050730

WO 2011/008207

6/8

Vi 2914

(225) 2l

4

00l —

(s/ul) Ap1o0jz) —

(M) SSO7 damoy

PDO7 Pa2UDIDg Uy 4] ‘3poyy [DuiioN

(M) damoy Jo (S/w) paads



PCT/US2009/050730

7/8

WO 2011/008207

gy 914 (925) au

ar 5 ¥ z
1

_
oor—¥ _

!

|

| | .
’

L)

(s/ul) Ap1o0j2) —

(M) SSOT JaMOy  ------

(M) Jamoy Jo (S ) paads

Vm h AN;

rq ér A & v'r
PDO7 Pa2UDIDg “UNY af) ‘BPOYY UOILINPBY SSOT




WO 2011/008207

8/8

PCT/US2009/050730

10
114 RECEIVE INPUT
N\ 132\
DETERMINE RUN
DIRECTION, RUN SELECT NORMAL
DISTANCE AND VELOCITY PROFILE
CAR LOAD
134N
116~ l
——————————————————— | CONTROL
seLecTPossIBLE [ M8 CAR
VELOCITY PROFILE MOTION
120N § 1225 — — 124
DETERMINE || DETERMINE || DETERMINE
MOTOR BRAKE DRIVE
LOSSES LOSSES LOSSES

126

-

CALCULATE
COMBINED

LOSSES

v

SELECT
ACTUAL
VELOCTTY
PROFILE

'\J‘/' i

___+___

CONTROL
CAR
MOTION

FI6. 5




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2009/050730

A. CLASSIFICATION OF SUBJECT MATTER

B66B 1/06(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC B66B 1/06

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Utility models and applications for Utility models since 1975
Japanese Utility models and applications for Utility models since 1975

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
D/B : eKOMPA SS(KIPO internal)
KEY WORD : velocity profile, energy, controller, reduction, elevator

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 3232026 B2 (MITSUBISHI DENKI BILL TECHNO SERVICE KK) 26 NOV. 2001 1-20
see the whole document

A JP 11-292411 A (HITACHI LTD) 26 OCT. 1999 1-20
see the whole document

A JP 09-272663 A (HITACHI LTD) 21 OCT. 1997 1-20
see the whole document

A US 2001-0017241 Al (Ikuro Suga et al.) 30 AUG. 2001 1-20
see the whole document

A US 2001-0017235 Al (Shinobu Tajima et al.) 30 AUG. 2001 1-20
see the whole document

|:| Further documents are listed in the continuation of Box C. IE See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
08 APRIL 2010 (08.04.2010) 12 APRIL 2010 (12.04.2010)
Name and mailing address of the ISA/KR Authorized officer
' Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo- CHOI, SOK JIN
1 . gu, Daejeon 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-8472

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2009/050730
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 3232026 B2 26.11.2001 JP 10-316319 A 02.12.1998
JP 11-292411 A 26.10.1999 None
JP 09-272663 A 21.10.1997 CN 1176933 A 25.03.1998
CN 1176933 A0 25.03.1998
GB 2310770 A 03.09. 1997
JP 09-233898 A 05.09. 1997

KR 10-1997-0069851 A 07.11.1997

US 2001-0017235 A1 30.08.2001 CN 100450907 C 14.01.2009
CN 1311147 A 05.09.2001
CN 1226175 C 09.11.2005
CN 1781838 A 07.06.2006
CN 1311147 AO 05.09.2001
CN 1226175 CO 09.11.2005
CN 100450907 CO 14.01.2009
JP 2001-240320 A 04.09.2001
JP 1324-0320nu || 04.09.2001
KR 20010085321 A 07.09.2001
KR 10-0396801 B 03.09.2003
US 06439347 B2 27.08.2002

US 20010017241 A1 30.08.2001 CN 1311154 A 05.09.2001
CN 1185158 C 19.01.2005
CN 1311154 AO 05.09.2001
CN 1185158 CO 19.01.2005
JP 1324-0327nu || 04.09.2001
JP 2001-240327 A 04.09.2001
KR 20010085711 A 07.09.2001
KR 10-0407633 BT 01.12.2003
TW 546246 B 11.08.2003
TW 546246 A 11.08.2003
US 06431324 B2 13.08.2002

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

