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(54) ELEVATOR ELECTRICAL SAFETY ACTUATOR CONTROL

(57) Elevator systems and methods are provided.
The systems include a traveling component movable
along a guide rail within an elevator shaft, an elevator
machine operably connected to the traveling component
and including a machine brake, and an overspeed safety
system. The overspeed safety system includes a safety
brake and an electromechanical actuator, the brake en-

gageable with the guide rail. A safety system controller
operably connects to the electromechanical actuator and
triggers the electromechanical actuator due to at least a
detected triggering event. A temporary power supply is
operably connected to the overspeed safety system to
provide power in the event of a power failure.
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Description

[0001] The subject matter disclosed herein generally
relates to elevator systems and, more particularly, to
safety systems for elevators and control thereof in the
event of a power failure.
[0002] Typical elevator systems use governor over-
speed systems coupled to a mechanical safety actuation
module in order to activate in the event of a car overspeed
event, car overacceleration event, or free fall - i.e., to stop
an elevator car that is travelling too fast. Such systems
include a linking mechanism to trigger two car safeties
simultaneously (i.e., on both guide rails). The governor
is located either at the top of the hoistway or may be
embedded on the elevator car. The safety actuation mod-
ule is typically made by a rigid bar or linkage that is located
on the car roof or below the car platform - i.e., spanning
the width of the elevator car to link opposing sides at the
guide rails. However, recent developments have created
electrical overspeed safety systems for controlling oper-
ation of the elevator car during overspeed, overacceler-
ation, free fall situations.
[0003] According to some embodiments, elevator sys-
tems are provided. The elevator systems include a
traveling component movable along a guide rail within
an elevator shaft, an elevator machine operably connect-
ed to the traveling component by one or more tension
members, the elevator machine including a machine
brake for stopping movement of the traveling component,
and an overspeed safety system. The overspeed safety
system includes a safety brake and an electromechanical
actuator operably connected thereto, wherein the safety
brake is operable to engage with the guide rail to stop
movement of the traveling component, a safety system
controller operably connected to the electromechanical
actuator, the control system configured to trigger the
electromechanical actuator due to at least a detected trig-
gering event, and a temporary power supply operably
connected to the overspeed safety system. During a pow-
er failure to the overspeed safety system, the temporary
power supply supplies power to the overspeed safety
system to prevent actuation of the safety brake and the
elevator machine stops the traveling component within
the elevator shaft. The safety system controller is con-
figured to transition the electromechanical actuator from
a first state to a second state, wherein in the second state,
downward movement of the traveling component within
the elevator shaft engages the safety brake with the guide
rail to stop the downward movement of the traveling com-
ponent.
[0004] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the electromechanical actuator includes
a first magnetic element and a second magnetic element.
The first magnetic element is configured to retain the sec-
ond magnetic element thereto, and when the second
magnetic element is not retained by the first magnetic
element the second magnetic element is engageable

with the guide rail.
[0005] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that when the second magnetic element is
engaged with the guide rail, downward movement of the
traveling component causes the safety brake to engage
with the guide rail.
[0006] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that wherein the first magnetic element is
an electromagnetic coil and the second magnetic ele-
ment is a permanent magnet.
[0007] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that an elevator controller and a communi-
cation bus operably connecting the safety system con-
troller with the elevator controller, wherein detection of
the power failure is transmitted from the elevator control-
ler to the safety system controller over the communica-
tion bus.
[0008] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the temporary power supply is config-
ured to supply power to the overspeed safety system for
a safety duration, preferably, wherein the safety duration
is at least 3 seconds.
[0009] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that at the end of the safety duration the
second magnetic element is transitioned to the second
state.
[0010] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include an additional guide rail, an additional safety
brake, and an additional electromechanical actuator op-
erably connected thereto, wherein the additional safety
brake is simultaneously operable with the safety brake
to engage with the additional guide rail to stop movement
of the traveling component.
[0011] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the traveling component is one of an
elevator car and a counterweight.
[0012] According to some embodiments, methods for
controlling operation of elevator systems are provided.
The methods include detecting a power failure, supplying
power from a temporary power supply to an overspeed
safety system, applying a machine brake to stop move-
ment of a traveling component, and transitioning an over-
speed safety system from a first state to a second state,
wherein in the second state, further downward movement
of the traveling component within an elevator shaft en-
gages a safety brake of the overspeed safety system with
a guide rail to stop the downward movement of the
traveling component.
[0013] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include supplying power from the temporary power
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supply to the overspeed safety system for a safety dura-
tion, preferably, wherein the safety duration is at least 3
seconds.
[0014] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that at the end of the safety duration the
second magnetic elements are transitioned to the second
state.
[0015] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include transitioning the overspeed safety system
from the second state to a third state when the traveling
component moves downward, wherein in the third state
a safety brake of the overspeed safety system engages
with a guide rail to stop downward movement of the
traveling component.
[0016] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include transmitting information regarding a power
failure from an elevator controller to the overspeed safety
system over a communication bus.
[0017] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include, when power is restored, transitioning the
overspeed safety system from the second state to the
first state and resuming normal operation of the traveling
component.
[0018] The foregoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated otherwise. These features
and elements as well as the operation thereof will become
more apparent in light of the following description and
the accompanying drawings. It should be understood,
however, that the following description and drawings are
intended to be illustrative and explanatory in nature and
non-limiting.
[0019] The present disclosure is illustrated by way of
example and not limited by the accompanying figures in
which like reference numerals indicate similar elements.

FIG. 1 is a schematic illustration of an elevator sys-
tem that may employ various embodiments of the
present disclosure;

FIG. 2 is a prior art arrangement of an overspeed
safety system for elevators;

FIG. 3A is an isometric illustration of an elevator car
frame having an overspeed safety system in accord-
ance with an embodiment of the present disclosure;

FIG. 3B is an enlarged illustrative view of a portion
of the overspeed safety system of FIG. 3A;

FIG. 3C is the same view as FIG. 3B, but with a guide
rail removed for clarity;

FIG. 4 is a series of illustrations depicting operation

of a portion of an overspeed safety system in accord-
ance with an embodiment of the present disclosure;

FIG. 5 is a schematic illustration of an elevator sys-
tem having an overspeed safety system in accord-
ance with an embodiment of the present disclosure;

FIG. 6 is a series of illustrations depicting operation
of an overspeed safety system in accordance with
an embodiment of the present disclosure; and

FIG. 7 is a flow process for controlling operation of
an elevator car in accordance with an embodiment
of the present disclosure.

[0020] FIG. 1 is a perspective view of an elevator sys-
tem 101 including an elevator car 103, a counterweight
105, a tension member 107, a guide rail 109, a machine
111, a position reference system 113, and an elevator
controller 115. The elevator car 103 and counterweight
105 are connected to each other by the tension member
107. The tension member 107 may include or be config-
ured as, for example, ropes, steel cables, and/or coated-
steel belts. The counterweight 105 is configured to bal-
ance a load of the elevator car 103 and is configured to
facilitate movement of the elevator car 103 concurrently
and in an opposite direction with respect to the counter-
weight 105 within an elevator shaft 117 and along the
guide rail 109. As used herein, the term "traveling com-
ponent" refers to either of the elevator car 103 or the
counterweight 105.
[0021] The tension member 107 engages the machine
111, which is part of an overhead structure of the elevator
system 101. The machine 111 is configured to control
movement between the elevator car 103 and the coun-
terweight 105. The position reference system 113 may
be mounted on a fixed part at the top of the elevator shaft
117, such as on a support or guide rail, and may be con-
figured to provide position signals related to a position of
the elevator car 103 within the elevator shaft 117. In other
embodiments, the position reference system 113 may be
directly mounted to a moving component of the machine
111, or may be located in other positions and/or config-
urations as known in the art. The position reference sys-
tem 113 can be any device or mechanism for monitoring
a position of an elevator car and/or counter-weight, as
known in the art. For example, without limitation, the po-
sition reference system 113 can be an encoder, sensor,
or other system and can include velocity sensing, abso-
lute position sensing, etc., as will be appreciated by those
of skill in the art.
[0022] The elevator controller 115 is located, as
shown, in a controller room 121 of the elevator shaft 117
and is configured to control the operation of the elevator
system 101, and particularly the elevator car 103. For
example, the elevator controller 115 may provide drive
signals to the machine 111 to control the acceleration,
deceleration, leveling, stopping, etc. of the elevator car
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103. The elevator controller 115 may also be configured
to receive position signals from the position reference
system 113 or any other desired position reference de-
vice. When moving up or down within the elevator shaft
117 along guide rail 109, the elevator car 103 may stop
at one or more landings 125 as controlled by the elevator
controller 115. Although shown in a controller room 121,
those of skill in the art will appreciate that the elevator
controller 115 can be located and/or configured in other
locations or positions within the elevator system 101. In
one embodiment, the controller may be located remotely
or in the cloud.
[0023] The machine 111 may include a motor or similar
driving mechanism. In accordance with embodiments of
the disclosure, the machine 111 is configured to include
an electrically driven motor. The power supply for the
motor may be any power source, including a power grid,
which, in combination with other components, is supplied
to the motor. The machine 111 may include a traction
sheave that imparts force to tension member 107 to move
the elevator car 103 within elevator shaft 117.
[0024] Although shown and described with a roping
system including tension member 107, elevator systems
that employ other methods and mechanisms of moving
an elevator car within an elevator shaft may employ em-
bodiments of the present disclosure. For example, em-
bodiments may be employed in ropeless elevator sys-
tems using a linear motor to impart motion to an elevator
car. Embodiments may also be employed in ropeless el-
evator systems using a hydraulic lift to impart motion to
an elevator car. FIG. 1 is merely a non-limiting example
presented for illustrative and explanatory purposes.
[0025] Turning to FIG. 2, a schematic illustration of a
prior elevator car overspeed safety system 227 of an el-
evator system 201 is shown. The elevator system 201
includes an elevator car 203 that is movable within an
elevator shaft along guide rails 209. In this illustrative
embodiment, the overspeed safety system 227 includes
a pair of braking elements 229 that are engageable with
the guide rails 209. The braking elements 229 are actu-
ated, in part, by operation of lift rods 231. The triggering
of the braking elements 229 is achieved through a gov-
ernor 233, typically located at the top of the elevator shaft,
which includes a tension device 235 located within the
pit of the elevator shaft with a cable 237 operably con-
necting the governor 233 and the tension device 235.
When an overspeed event is detected by the governor,
the overspeed safety system 227 is triggered, and a link-
age 239 is operated to actuate both lift rods 231 simul-
taneously such that a smooth and even stopping or brak-
ing force is applied to stop the travel of the elevator car.
The linkage 239, as shown, is located on the top of the
elevator car 203. However, in other configurations, the
linkage may be located below a platform (or bottom) of
the elevator car. As shown, various components are lo-
cated above and/or below the elevator car 203, and thus
pit space and overhead space within the elevator shaft
must be provided to permit operation of the elevator sys-

tem 201.
[0026] Embodiments described herein are directed to
providing electrical elevator overspeed safety systems
that are primed but not fully engaged in the event of a
power failure. Instead, embodiments of the present dis-
closure employ a temporary power supply to stop an el-
evator car using an elevator machine and machine brake,
and subsequently prime the operation of the electrical
overspeed safety systems. In the primed state, if further
downward movement of the elevator car occurs, the over-
speed safety systems may activate and engage to se-
curely stop the elevator car. However, if power is re-
sumed without further downward movement, the elevator
system may immediately return to normal operational
mode, without the need for manual interaction that may
have resulted from full deployment of the overspeed safe-
ty systems.
[0027] Turning now to FIGS. 3A-3C, schematic illus-
trations of an elevator car 303 having an overspeed safe-
ty system 300 in accordance with an embodiment of the
present disclosure are shown. FIG. 3A is an isometric
illustration of an elevator car frame 304 with the over-
speed safety system 300 installed thereto. FIG. 3B is an
enlarged illustration of a portion of the overspeed safety
system 300 showing a relationship with a guide rail. FIG.
3C is a schematic similar to FIG. 3B, but with the guide
rail removed for clarity of illustration.
[0028] The car frame 304 includes a platform 306, a
ceiling 308, a first car structural member 310, and a sec-
ond car structural member 312. The car frame 304 de-
fines a frame for supporting various panels and other
components that define the elevator car for passenger
or other use (i.e., define a cab of the elevator), although
such panels and other components are omitted for clarity
of illustration. The elevator car 303 is moveable along
guide rails 309, similar to that shown and described
above. The overspeed safety system 300 provides a
safety braking system that can stop the travel of the el-
evator car 303 during an overspeed event.
[0029] The overspeed safety system 300 includes a
first safety brake 314, a first electromechanical actuator
316, and a control system or safety system controller 318
operably connected to the first electromechanical actu-
ator 316. The first safety brake 314 and the first electro-
mechanical actuator 316 are arranged along the first car
structural member 310. A second safety brake 320 and
a second electromechanical actuator 322 are arranged
along the second car structural member 312. The safety
system controller 318 is also operably connected to the
second electromechanical actuator 322. The connection
between the safety system controller 318 and the elec-
tromechanical actuators 316, 322 may be provided by a
communication line 324. The communication line 324
may be wired or wireless, or a combination thereof (e.g.,
for redundancy). As shown, the safety system controller
318 is located on the top or ceiling 308 of the car frame
304. However, such position is not to be limiting, and the
safety system controller 318 may be located anywhere
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within the elevator system (e.g., on or in the elevator car,
within a controller room, etc.). The safety system control-
ler 318 may comprise electronics and printed circuit
boards for processing (e.g., processor, memory, com-
munication elements, electrical buss, etc.). Thus, the
safety system controller 318 may have a very low profile
and may be installed within ceiling panels, wall panels,
or even within a car operating panel of the elevator car
303.
[0030] The overspeed safety system 300 is an electro-
mechanical system that eliminates the need for a linkage
or linking element installed at the top or bottom of the
elevator car. The safety system controller 318 may in-
clude, for example, a printed circuit board with multiple
inputs and outputs. In some embodiments, the safety
system controller 318 may include circuitry for a system
for control, protection, and/or monitoring based on one
or more programmable electronic devices (e.g., power
supplies, sensors, and other input devices, data high-
ways and other communication paths, and actuators and
other output devices, etc.). The safety system controller
318 may further include various components to enable
control in the event of a power outage (e.g., capacitor/bat-
tery, etc.). The safety system controller 318 may also
include an accelerometer and/or absolute position refer-
ence system to determine a speed of an elevator car. In
such embodiments, the safety system controller 318 is
mounted to the elevator car, as shown in the illustrative
embodiments herein.
[0031] The safety system controller 318, in some em-
bodiments, may be connected to and/or in communica-
tion with a car positioning system, an accelerometer
mounted to the car (i.e., a second or separate acceler-
ometer), and/or to the elevator controller. Accordingly,
the safety system controller 318 may obtain movement
information (e.g., speed, direction, acceleration) related
to movement of the elevator car along an elevator shaft.
The safety system controller 318 may operate independ-
ently of other systems, other than potentially receiving
movement information, to provide a safety feature to pre-
vent overspeed events.
[0032] The safety system controller 318 may process
the movement information provided by a car positioning
system to determine if an elevator car is over speeding
beyond a certain threshold or accelerating beyond a
threshold. If the threshold is exceeded, the safety system
controller 318 will trigger the electromechanical actuators
and the safety brakes. The safety system controller 318
will also provide feedback to the elevator control system
about the status of the overspeed safety system 300
(e.g., normal operational position/triggered position).
[0033] Although FIG. 3 is illustratively shown with re-
spect to an elevator car, the configuration of the over-
speed safety system may be similar to any traveling com-
ponent (e.g., counterweight). The overspeed safety sys-
tem 300 of the present disclosure enables electrical and
electromechanical safety braking in the event of over-
speed, overacceleration, and/or free fall events (herein-

after "triggering events"). The electrical aspects of the
present disclosure enable the elimination of the physi-
cal/mechanical linkages that have traditionally been em-
ployed in overspeed safety systems. That is, the electri-
cal connections allow for simultaneous triggering of two
separate safety brakes through electrical signals, rather
than relying upon mechanical connections.
[0034] With reference to FIG. 3C, details of parts of the
overspeed safety system 300 are shown. The first elec-
tromechanical actuator 316 is mounted to the first car
structural member 310 using one or more fasteners 326
(e.g., floating fasteners). The first electromechanical ac-
tuator 316 includes an actuator element 328 and guid-
ance elements 330. The first electromechanical actuator
316 is operably connected to the safety system controller
318 by the communication line 324. The safety system
controller 318 can transmit an actuation signal to the first
electromechanical actuator 316 (and the second electro-
mechanical actuator 322) to perform an actuation oper-
ation when a triggering event is detected. The first elec-
tromechanical actuator 316 will actuate a connecting rod
332 that is operably connected to the first safety brake
314. When the connecting rod 332 is actuated, the first
safety brake 314 will actuate to engage with the guide
rail 309, e.g., using a safety brake element 334, such as
a safety roller or wedge. In some embodiments, the safety
brake and the electromechanical actuator may be com-
bined into a single assembly, and the present illustration
and description is provided for example and explanation
only, and is not intended to be limiting.
[0035] Turning now to FIG. 4, an illustrative sequence
of operation of a portion of an overspeed safety system
400 in accordance with an embodiment of the present
disclosure is shown. The overspeed safety system 400
may be similar to that described above, and operable as
described above. The overspeed safety system 400 in-
cludes an electromechanical actuator 416 and a safety
brake 414 connected by a connecting rod 432. The over-
speed safety system 400 may be mounted to or otherwise
attached to a traveling component (e.g., elevator car or
counterweight). The safety brake 414 is arranged about
a guide rail 409 and is configured to operably engage
with the guide rail 409 to apply a braking force to a
traveling component to which the overspeed safety sys-
tem 400 is a part. The safety brake 414 includes safety
brake elements 434 (e.g., brake pads, wedges, etc.) that
are operable to engage with the guide rail 409. The elec-
tromechanical actuator 416 includes an actuator element
428 that is, in part, connected to the connecting rod 432
to actuate the safety brake elements 434.
[0036] In this illustrative embodiment, the actuator el-
ement 428 includes a first magnetic element 436, a sec-
ond magnetic element 438, and a switch 440. The first
magnetic element 436 may be an electromagnet (e.g., a
coil) that generates a magnetic field to provide engage-
ment with the second magnetic element 438. The second
magnetic element 438 may be a permanent magnet. In
some embodiments, the switch 440 is configured to mon-
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itor the position of the magnetic elements 436, 438. The
switch 440 can be evaluated to control the safety chain
signal to prevent normal operation of the traveling com-
ponent in second (middle image of FIG. 4) and third (right
image of FIG. 4) states, as described below. The states
of the first and second magnetic elements 436, 438 are
bi-stable and a current pulse is sent through the first mag-
netic element 436 for transitions between the first (left
image of FIG. 4) and second (middle image of FIG. 4)
states of the actuator element 428. The current direction
is used to control the direction of transition (i.e., first-to-
second, or second-to-first). In some such embodiments,
the switch 440 may have no direct influence on the op-
eration of the first and/or second magnetic elements 436,
438. Although shown and described with a specific con-
figuration, the present illustration and explanation is pro-
vided for example and explanatory purposes and is not
intended to be limiting.
[0037] In alternative embodiments, the switch 440 may
be an active element related to the operation of the ac-
tuator element 428. For example, in some embodiments,
when the switch 440 is closed, the first magnetic element
436 is active and generates a magnetic field to engage
with the second magnetic element 438. This is a first
state shown on the left image of FIG. 4. In the first state,
normal operation of the traveling component is possible.
The switch 440 may be part of the elevator system safety
chain, and if the safety chain breaks, the switch 440
opens, as shown in the second state (middle image of
FIG. 4). The above described operation is merely provid-
ed as example, and other arrangements are possible
without departing from the scope of the present disclo-
sure. For example, in some embodiments, an electrical
current may be provided to the first magnetic element to
generate a repulsive magnetic field, and thus urge the
second magnetic element away therefrom.
[0038] When the switch 440 is open, the magnetic field
of the first magnetic element 436 ceases to be generated,
thus allowing the second magnetic element 438 to move
into contact with and magnetically attach to the guide rail
409, as shown in the middle image of FIG. 4 (second
state). That is, because the first magnetic element 436
is no longer magnetized (e.g., no current flowing through
a coil), the second magnetic element 438 will be attracted
to the metal of the guide rail 409 and magnetically adhere
thereto. Accordingly, when no electrical power is supplied
to the first magnetic element 436, the second magnetic
element 438 will automatically engage with the guide rail
409.
[0039] The second state, shown in the middle image
of FIG. 4, exists when the switch 440 opens and the
traveling component is stationary. However, if the
traveling component travels downward, because the sec-
ond magnetic element 438 is engaged with the guide rail
409, the second magnetic element 438 will apply a force
to the connecting rod 432 to urge the safety brake ele-
ments 434 into engagement with the guide rail 409 (third
state). With the safety brake elements 434 engaged with

the guide rail 409, the traveling component may be pre-
vented from further downward movement.
[0040] In FIG. 4, the first state (left illustration) is a state
wherein the second magnetic element 438 is engaged
by the first magnetic element 436 which is only energized
during transitions, and the switch 440 is closed. This is
"a ready for trip" state of the overspeed safety system
400. In the second state (middle illustration), the first
magnetic element 436 is not energized and the switch
440 is open, and the second magnetic element 438 is
engaged with the guide rail 409. In the second state, the
safety brake elements 434 have not moved and are not
in engagement with the guide rail 409. This is a "pre-
tripped" state of the overspeed safety system 400. In the
third state (right illustration), the second magnetic ele-
ment 438 is engaged with the guide rail 409, the switch
440 is open (and the first magnetic element 436 is not
energized), and the safety brake elements 434 are en-
gaged with the guide rail 409. This is a "tripped" state of
the overspeed safety system 400.
[0041] The overspeed safety system should be fail-
safe in the event of power failures, specifically the elec-
trical and mechanical components should be arranged
to provide safety, even in the event of a power failure.
To achieve this, overspeed safety systems of the present
disclosure are configured to transition to a safe state in
case of power outage. For the overspeed safety systems,
and particularly for electrical safety actuators, an issue
may arise that a trip of safeties is required and can occur
while the traveling component is moving. If the safety
brake elements engage, such stopping can trap passen-
gers at a location away from a landing door, and manual
intervention may be required to rescue such passengers.
Once engaged, the safety brake elements typically re-
quire manual intervention to disengage from the guide
rail, which may require additional time and effort during
rescue operations.
[0042] In accordance with embodiments of the present
disclosure, a control system (and software thereof, e.g.,
on a safety actuator board) of an overspeed safety sys-
tem may detect an under-voltage event on an input sup-
ply voltage. Immediately, upon detection of such under-
voltage event, the control system will transmit a message
to a controller of an electronic safety chain, to thus open
the safety chain. In accordance with embodiments of the
present disclosure, the safety chain controller contains
a supply buffer (e.g., power support buffer) to keep the
electronic safety actuator and/or overspeed safety sys-
tem active and powered (along with attached sensors)
for safety duration (e.g., a minimum of 3 seconds). The
safety duration is typically sufficiently long enough to stop
the traveling component by using the elevator machine.
At the end of the safety duration, the overspeed safety
system will be prepared to engage (pre-tripped) by the
control system of the overspeed safety system. The pow-
er supply for the safety duration allows a controlled stop
of the traveling component in case of power outages and
prevents unnecessary stops by the overspeed safety
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system. Accordingly, if power is restored, and the eleva-
tor system returns to normal operation, no manual inter-
action is required to reset the overspeed safety system
because the safety brake elements did not engage with
the guide rail.
[0043] Turning now to FIG. 5, a schematic illustration
of a traveling component 503 having an overspeed safety
system 500 in accordance with an embodiment of the
present disclosure is shown. The overspeed safety sys-
tem 500 includes a safety system controller 518 operably
connected to optional switches 540, which in turn enable
control/operation of electromechanical actuators 516
and safety brakes 514. The safety brakes 514 are oper-
able to engage with respective guide rails 509, as de-
scribed above. In some embodiments, the switches 540
may be removed or provided for monitoring purposes,
with the system controller 518 directly connected to op-
eration of the electromechanical actuators 516 and safety
brakes 514.
[0044] As shown, the safety system controller 518 re-
ceives power through a power line 542 and communi-
cates over a communication bus 544 (e.g., a car-CAN
bus). The power line 542 and the communication bus
544 may be arranged on or as part of a traveling cable,
as will be appreciated by those of skill in the art. Further,
in some embodiments, the power line 542 and the com-
munication bus 544 may be housed in the same cable,
wiring, cord, etc. as will be appreciated by those of skill
in the art. As shown, a motion detection system 546 is
operably connected to the safety system controller 518
of the overspeed safety system 500. The motion detec-
tion system 546 is configured to detection position,
speed, acceleration, or other movement characteristics
of the elevator car 503. In some embodiments, the motion
detection system 546 may be an absolute position refer-
ence system, although other types of position/motion de-
tection may be employed without departing from the
scope of the present disclosure.
[0045] Overspeed, overacceleration, and free fall
events (i.e., triggering events) may be detected by the
safety system controller 518 of the overspeed safety sys-
tem 500 based on information provided by the motion
detection system 546. The communication bus 544 en-
ables interfacing of the overspeed safety system 500 with
the other parts of the elevator system (e.g., elevator con-
troller, elevator machine, etc.). A power failure may be
reported via the communication bus 544 to the safety
system controller 518 of the overspeed safety system
500. In some embodiments, the power failure may be
directed detected by the safety system controller 518.
The overspeed safety system 500 is configured to oper-
ate and function independently from the rest of the ele-
vator system, e.g., the braking applied by the overspeed
safety system 500 is separate and independent from ma-
chine braking or other braking systems of the elevator
system. The overspeed safety system 500 of the present
disclosure is configured to active the safety brakes only
in emergency situations. However, typically, a power fail

is not considered an emergency situation and therefore
a loss of primary input power should not lead to tripping
and activation of the safety brakes 514. That is, it is typ-
ically not desirable to have the safety brakes 514 stop
the movement of the traveling component 503 during a
power failure, as release of the safety brakes 514 re-
quires manual interaction and thus the elevator system
cannot return to normal operation with the restoration of
power, if the safety brakes 514 have been activated and
engaged (i.e., triggered).
[0046] Turning to FIG. 6, schematic illustrations of op-
eration of an elevator system 601 in accordance with an
embodiment of the present disclosure. The elevator sys-
tem 601 includes a traveling component 603 that runs
within an elevator shaft and is suspended on one or more
tension members 607, and movement is driven by a ma-
chine 611. The traveling component 603 is equipped with
an overspeed safety system 600 similar to that shown
and described above. The overspeed safety system 600
includes safety brakes 614 that are operable through a
connection with respective electromechanical actuators,
as described above.
[0047] In FIG. 6, step (a) represents normal operation
of the traveling component 603. In normal operation, the
traveling component 603 is movable upward and down-
ward within the elevator shaft (e.g., to travel between
landings of the elevator system 601).
[0048] Step (b) of FIG. 6 is representative of a power
failure. At step (b) the traveling component 603 will travel
downward, due to gravity and/or because the traveling
component is already moving downward before power
is lost. When the power fails, the machine 611 will not
have a constant power supply to control operation of the
traveling component 603. It is noted that even if only the
power supply to the traveling component fails, e.g. due
to a failure in a travelling cable, the elevator machine
would be working under normal conditions. In this case,
the traveling component is stopped after the safety chain
has opened because the overspeed safety system de-
tects and reports a power failure. However, in accord-
ance with embodiments of the present disclosure, a tem-
porary power supply 648 is electrically connected to or
part of the overspeed safety system 600. The temporary
power supply 648 may be a capacitor, a battery, or other
energy storage device, as will be appreciated by those
of skill in the art. The temporary power supply 648 is
configured to store sufficient power to operate the over-
speed safety system 600 for a safety duration. The safety
duration, in some non-limiting embodiments, may be
three seconds, although longer or shorter durations may
be employed depending on the configuration of the tem-
porary power supply 648 and/or the configuration of the
elevator system 601 and the needs thereof.
[0049] The temporary power supply 648 enables the
overspeed safety system 600 to prevent tripping of the
permanent magnets as long as the traveling component
is moving. Thus, the safety duration is typically a period
of time that is longer than the maximum amount of time
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for the machine brake to stop movement of the traveling
component under normal operation circumstances. The
traveling component will be stopped by the machine
brake of the machine 611 after the safety chain opens in
the descent that occurs due to a power failure, as shown
in step (c) of FIG. 6. The temporary power supply 648
may be depleted of reserve power in step (c), or may
retain additional reserve power, if necessary or desired,
and depending on the type of energy storage device. In
this step, the overspeed safety system is in the first state,
e.g., as shown in the left illustration of FIG. 4.
[0050] At step (d) of FIG. 6, the overspeed safety sys-
tem primes or enters the second state (e.g., pre-tripped
state), as shown in the middle illustration of FIG. 4. In
this step (d), the machine 611 has stopped the travel of
the traveling component 603, and holds the traveling
component 603 in position. That is, a machine brake of
the machine 611 will hold the traveling component 603
in a stopped position shown in step (d) of FIG. 6. Further,
as noted, at the same time, the overspeed safety system
is in the second state, with a second magnet engaged
with a guide rail, as described above. However, in this
state, the safety brakes 614 have not engaged with the
guide rails.
[0051] At step (e), if power is returned to the system,
the traveling component 603 may resume normal oper-
ation, as shown (up and down movement driven by op-
eration of the machine 611). There is no need for a me-
chanic or other personal to manually disengage the safe-
ty brakes 614 from the guide rails, as the safety brakes
614 were never activated.
[0052] If however, during the power failure, such as at
step (d), with the overspeed safety system in the second
state, if the traveling component 603 travels downward
for any reason, the safety brakes 614 will be tripped and
transition the overspeed safety system into the third
state, with the safety brakes 614 engaged with the guide
rails.
[0053] Turning now to FIG. 7, a flow process for oper-
ation an elevator system in accordance with an embod-
iment of the present disclosure is shown. The elevator
system may include an elevator machine and an over-
speed safety system, along with other components, as
shown and described above.
[0054] At block 702, a power failure is detected.
[0055] At block 704, power is supplied to the overspeed
safety system from a temporary power supply. The power
supplied from the temporary power supply is provided to
the overspeed safety system to prevent operation of the
overspeed safety system (i.e., prevent engagement of
the emergency braking system), in the event of a power
failure. The elevator machine will brake to stop travel of
the traveling component, without the emergency over-
speed safety system applying safety brakes unnecessar-
ily. The temporary power supply, as noted above, may
be configured to supply power for a safety duration. In
some embodiments, the safety duration is three seconds
(or longer). The safety duration is a duration of time that

is sufficient for the elevator machine to stop travel of a
moving traveling component without application or trig-
gering engagement of the braking by the overspeed safe-
ty system.
[0056] At block 706, the traveling component is
stopped and suspended from tension members and held
in place, at least in part, by the machine brake of the
elevator machine.
[0057] At block 708, the overspeed safety system is
transitioned from a first state (normal elevator operation,
e.g., as shown in the left illustration of FIG. 4) to a second
state, which is primed for safety braking, if needed (e.g.,
as shown in the middle illustration of FIG. 4). After block
708, and the overspeed safety system being in the sec-
ond state, the movement of the elevator car and the pow-
er of the system impact the following actions.
[0058] For example, if the traveling component travels
downward after block 708, the overspeed safety system
will automatically transition to the third state (e.g., as
shown in the right illustration of FIG. 4), at block 710. In
the third state, safety brakes are engaged with guide rails
to prevent further movement of the traveling component.
[0059] However, if no further downward movement oc-
curs, the power of the system will dictate the next action.
For example, if power is restored, and no downward
movement of the elevator occurs, the overspeed safety
system will transition from the second state back to the
first state, at block 712. If the power is not restored, the
system remains in the state after block 708, waiting for
either power restoration or further downward movement
of the traveling component.
[0060] At block 714, with the overspeed safety system
in the first state again, the traveling component will return
to normal operation.
[0061] If block 710 is triggered due to downward move-
ment of the traveling component, and the safety brakes
engage with the guide rails, a manual interaction or op-
eration will be required to be performed to reset the over-
speed safety system, and to enable normal operation of
the traveling component. However, such manual inter-
action is minimized due to embodiments of the present
disclosure that do not fully engaging the safety brakes of
the overspeed safety system.
[0062] Although shown and described herein with re-
spect to overspeed safety systems connected to traveling
components, such description is not to be limited. For
example, the above described systems and processes
may be applied equally to counterweights of elevator sys-
tems. In such embodiments, the counterweight over-
speed safety systems may be configured to prevent an
traveling component from traveling upward or accelerat-
ing upward too rapidly and/or to prevent free fall and dam-
age caused by a counterweight overspeed or overaccel-
eration event.
[0063] Advantageously, embodiments described
herein provide overspeed safety systems that can pro-
vide controlled stopping of a traveling component in the
event of a power failure. Further, embodiments provided
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herein prevent unnecessary or undesirable stops of the
traveling component using overspeed safety systems.
Advantageously, if power is restored without activation
of the overspeed safety systems, normal operation of the
elevator system may be resumed without manual inter-
vention.
[0064] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. The term
"about" is intended to include the degree of error asso-
ciated with measurement of the particular quantity and/or
manufacturing tolerances based upon the equipment
available at the time of filing the application. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, element components, and/or groups thereof.
[0065] Those of skill in the art will appreciate that var-
ious example embodiments are shown and described
herein, each having certain features in the particular em-
bodiments, but the present disclosure is not thus limited.
Rather, the present disclosure can be modified to incor-
porate any number of variations, alterations, substitu-
tions, combinations, sub-combinations, or equivalent ar-
rangements not heretofore described, but which are com-
mensurate with the scope of the present disclosure. Ad-
ditionally, while various embodiments of the present dis-
closure have been described, it is to be understood that
aspects of the present disclosure may include only some
of the described embodiments. Accordingly, the present
disclosure is not to be seen as limited by the foregoing
description, but is only limited by the scope of the ap-
pended claims.

Claims

1. An elevator system comprising:

a traveling component movable along a guide
rail within an elevator shaft;
an elevator machine operably connected to the
traveling component by one or more tension
members, the elevator machine including a ma-
chine brake for stopping movement of the
traveling component; and
an overspeed safety system comprising:

a safety brake and an electromechanical
actuator operably connected thereto,
wherein the safety brake is operable to en-
gage with the guide rail to stop movement
of the traveling component;

a safety system controller operably con-
nected to the electromechanical actuator,
the control system configured to trigger the
electromechanical actuator due to at least
a detected triggering event; and
a temporary power supply operably con-
nected to the overspeed safety system;

wherein, during a power failure to the overspeed
safety system, the temporary power supply sup-
plies power to the overspeed safety system to
prevent actuation of the safety brake and the
elevator machine stops the traveling component
within the elevator shaft, and
wherein the safety system controller is config-
ured to transition the electromechanical actuator
from a first state to a second state, wherein in
the second state, downward movement of the
traveling component within the elevator shaft
engages the safety brake with the guide rail to
stop the downward movement of the traveling
component.

2. The elevator system of claim 1, wherein the electro-
mechanical actuator comprises:

a first magnetic element; and
a second magnetic element,
wherein the first magnetic element is configured
to retain the second magnetic element thereto,
and when the second magnetic element is not
retained by the first magnetic element the sec-
ond magnetic element is engageable with the
guide rail.

3. The elevator system of claim 2, wherein when the
second magnetic element is engaged with the guide
rail, downward movement of the traveling compo-
nent causes the safety brake to engage with the
guide rail.

4. The elevator system of any of claims 2-3, wherein
the first magnetic element is an electromagnetic coil
and the second magnetic element is a permanent
magnet.

5. The elevator system of any preceding claim, further
comprising:

an elevator controller; and
a communication bus operably connecting the
safety system controller with the elevator con-
troller,
wherein detection of the power failure is trans-
mitted from the elevator controller to the safety
system controller over the communication bus.

6. The elevator system of any preceding claim, wherein
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the temporary power supply is configured to supply
power to the overspeed safety system for a safety
duration, preferably, wherein the safety duration is
at least 3 seconds.

7. The elevator system of claim 6, wherein at the end
of the safety duration the second magnetic element
is transitioned to the second state.

8. The elevator system of any preceding claim, further
comprising an additional guide rail, an additional
safety brake, and an additional electromechanical
actuator operably connected thereto, wherein the
additional safety brake is simultaneously operable
with the safety brake to engage with the additional
guide rail to stop movement of the traveling compo-
nent.

9. The elevator system of any preceding claim, wherein
the traveling component is one of an elevator car
and a counterweight.

10. A method for controlling operation of an elevator sys-
tem, the method comprising:

detecting a power failure;
supplying power from a temporary power supply
to an overspeed safety system;
applying a machine brake to stop movement of
a traveling component; and
transitioning an overspeed safety system from
a first state to a second state,
wherein in the second state, further downward
movement of the traveling component within an
elevator shaft engages a safety brake of the
overspeed safety system with a guide rail to stop
the downward movement of the traveling com-
ponent.

11. The method of claim 10, further comprising supplying
power from the temporary power supply to the over-
speed safety system for a safety duration, preferably,
wherein the safety duration is at least 3 seconds.

12. The method of claim 11, wherein at the end of the
safety duration the second magnetic elements are
transitioned to the second state.

13. The method of any of claims 10-12, further compris-
ing transitioning the overspeed safety system from
the second state to a third state when the traveling
component moves downward, wherein in the third
state a safety brake of the overspeed safety system
engages with a guide rail to stop downward move-
ment of the traveling component.

14. The method of any of claims 10-13, further compris-
ing transmitting information regarding a power failure

from an elevator controller to the overspeed safety
system over a communication bus.

15. The method of any of claims 10-14, further compris-
ing, when power is restored, transitioning the over-
speed safety system from the second state to the
first state and resuming normal operation of the
traveling component.
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