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(54) BEAM CLIMBER ACTIVE BRAKE HEALTH MONITORING SYSTEM

(57) An elevator system (101) including: an elevator
car (103) configured to travel through an elevator shaft
(117); a first guide beam (111a, 111b) extending verti-
cally through the elevator shaft (117), the first guide beam
(11a, 111b) including a first surface (112a) and a second
surface (112b) opposite the first surface (112a); a beam
climber system (130) configured to move the elevator car
(103) through the elevator shaft (117), the beam climber
system (130) including: a first wheel (134a, 134b) in con-

tact with the first surface (112a); and a first electric motor
(132a, 132b) configured to rotate the first wheel (134a,
134b); a first motor brake (137a, 137b) mechanically con-
nected to the first electric motor (132a, 132b), the first
motor brake (137a, 137b) configured to slow the elevator
car (103); and a brake condition based monitoring system
(200) configured to detect when the first motor brake
(137a, 137b) is dragging.
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Description

BACKGROUND

[0001] The subject matter disclosed herein relates
generally to the field of elevator systems, and specifically
to a method and apparatus for detecting brake health on
brakes of propulsion systems for an elevator car.
[0002] Elevator cars are conventionally operated by
ropes and counter weights, which typically only allow one
elevator car in an elevator shaft at a single time.

BRIEF SUMMARY

[0003] According to an embodiment, an elevator sys-
tem is provided. The elevator system including: an ele-
vator car configured to travel through an elevator shaft;
a first guide beam extending vertically through the ele-
vator shaft, the first guide beam including a first surface
and a second surface opposite the first surface; a beam
climber system configured to move the elevator car
through the elevator shaft, the beam climber system in-
cluding: a first wheel in contact with the first surface; and
a first electric motor configured to rotate the first wheel;
a first motor brake mechanically connected to the first
electric motor, the first motor brake configured to slow
the elevator car; and a brake condition based monitoring
system configured to detect when the first motor brake
is dragging.
[0004] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include that the brake condition based monitoring
system is configured to detect when the first motor brake
is dragging based upon at least a torque of the first electric
motor.
[0005] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a floor pressure sensor configured to deter-
mine a center of gravity of the elevator car, wherein the
brake condition based monitoring system is configured
to detect when the first motor brake is dragging based
upon at least the torque of the first electric motor and the
center of gravity.
[0006] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include that the brake condition monitoring system
is configured to normalize the torque of the first electric
motor based on the center of gravity of the elevator car.
[0007] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include that the beam climber system further in-
cludes: a second wheel in contact with the second sur-
face; a second electric motor configured to rotate the
second wheel; and a second motor brake mechanically
connected to the second electric motor, the second motor
brake configured to slow the elevator car, wherein the
brake condition based monitoring system is configured
to detect when the second motor brake is dragging.

[0008] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include that the brake condition based monitoring
system is configured to detect when the second motor
brake is dragging based upon at least a torque of the
second electric motor.
[0009] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a first guide rail extending vertically through
the elevator shaft, wherein the beam climber system fur-
ther includes: a first guide rail brake operably connected
to the first guide rail, wherein the brake condition moni-
toring system is configured to detect when the first guide
rail brake is dragging based upon at least a torque of the
first electric motor and the torque of the second electric
motor.
[0010] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a second guide beam extending vertically
through the elevator shaft, the second guide beam in-
cluding a first surface of the second guide beam and a
second surface of the second guide beam opposite the
first surface of the second guide beam, wherein the beam
climber system further includes: a second wheel in con-
tact with the second surface of the first guide beam; a
second electric motor configured to rotate the second
wheel; a second motor brake mechanically connected to
the second electric motor, the second motor brake con-
figured to slow the elevator car; a third wheel in contact
with the first surface of the second guide beam; a third
electric motor configured to rotate the third wheel; a third
motor brake mechanically connected to the third electric
motor, the third motor brake configured to slow the ele-
vator car; a fourth wheel in contact with the second sur-
face of the second guide beam; a fourth electric motor
configured to rotate the fourth wheel; a fourth motor brake
mechanically connected to the fourth electric motor, the
fourth motor brake configured to slow the elevator car,
wherein the brake condition based monitoring system is
configured to detect when second motor brake is drag-
ging, detect when the third motor brake is dragging, and
detect when the fourth motor brake is dragging.
[0011] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include that the brake condition based monitoring
system is configured to detect when the second motor
brake is dragging based upon at least a torque of the
second electric motor.
[0012] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a first guide rail extending vertically through
the elevator shaft, wherein the beam climber system fur-
ther includes: a first guide rail brake operably connected
to the first guide rail, wherein the brake condition moni-
toring system is configured to detect when the first guide
rail brake is dragging based upon at least the torque of
the first electric motor and the torque of the second elec-
tric motor.
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[0013] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a second guide rail extending vertically
through the elevator shaft, wherein the beam climber sys-
tem further includes: a second guide rail brake operably
connected to the second guide rail, wherein the brake
condition monitoring system is configured to detect when
the second guide rail brake is dragging based upon at
least a torque of the third electric motor and a torque of
the fourth electric motor.
[0014] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a floor pressure sensor configured to deter-
mine a center of gravity of the elevator car, wherein the
brake condition based monitoring system is configured
to detect at least one of when the first motor brake is
dragging, detect when the second motor brake is drag-
ging, detect when the third motor brake is dragging, or
detect when the fourth motor brake is dragging based
upon at least the torque of the first electric motor, a torque
of the second electric motor, a torque of the third electric
motor, a torque of the fourth electric motor, and the center
of gravity.
[0015] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include that the brake condition monitoring system
is configured to normalize the torque of the first electric
motor, the second electric motor, the third electric motor,
and the fourth electric motor based on the center of grav-
ity of the elevator car.
[0016] According to another embodiment, a method of
detecting brake drag within an elevator system is provid-
ed. The method including: rotating, using a first electric
motor of a beam climber system, a first wheel, the first
wheel being in contact with a first surface of a first guide
beam that extends vertically through an elevator shaft;
moving, using the beam climber system, an elevator car
through the elevator shaft when the first wheel of the
beam climber system rotates along the first surface of
the first guide beam; detecting, using a brake condition
based monitoring system, when a first motor brake is
dragging.
[0017] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include detecting a torque of the first electric motor,
wherein the brake condition based monitoring system is
configured to detect when the first motor brake is drag-
ging based upon at least a torque of the first electric mo-
tor.
[0018] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include that detecting a center of gravity of the ele-
vator car, wherein the brake condition based monitoring
system is configured to detect when the first motor brake
is dragging based upon at least a torque of the first electric
motor and the center of gravity.
[0019] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments

may include that normalizing the torque of the first electric
motor based on the center of gravity of the elevator car.
[0020] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include that rotating, using a second electric motor
of the beam climber system, a second wheel, the second
wheel being in contact with a second surface of the first
guide beam; moving, using the beam climber system,
the elevator car through the elevator shaft when the first
wheel of the beam climber system rotates along the first
surface of the first guide beam and the second wheel of
the beam climber system rotates along the second sur-
face of the first guide beam; detecting, using the brake
condition based monitoring system, at least one of when
the first motor brake is dragging or when the second mo-
tor brake is dragging.
[0021] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a first guide rail extending vertically through
the elevator shaft, wherein the beam climber system fur-
ther includes a first guide rail brake operably connected
to the first guide rail, wherein the method further includes:
detecting, using the brake condition monitoring system,
when the first guide rail brake is dragging based upon at
least a torque of the first electric motor and a torque of
the second electric motor.
[0022] According to another embodiment, a method of
detecting brake drag within an elevator system is provid-
ed. The method including: detecting a load within an el-
evator car; determining a center of gravity of the elevator
car; determining a predicted motor torque of an electric
motor of a beam climber assembly during a constant
speed of the elevator car; adjusting a motor torque de-
tection range for the electric motor based on the load
within the elevator car and the center of gravity; moving
the elevator car, using the beam climber system, for an
elevator run and recording the motor torque experienced
by the electric motor during a constant speed portion of
the elevator run; detecting whether the motor torque ex-
perienced by the electric motor during the constant speed
portion of the elevator run was outside of the motor torque
detection range that was adjusted based on the load with-
in the elevator car and the center of gravity; and activating
an alert if the motor torque experienced by the electric
motor during the constant speed portion of the elevator
run was outside of the motor torque detection range that
was adjusted based on the load within the elevator car
and the center of gravity.
[0023] Technical effects of embodiments of the
present disclosure include testing brakes of a beam
climber system by detecting increased motor torque on
one of the electric motors driving the wheels.
[0024] 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,
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however, that the following description and drawings are
intended to be illustrative and explanatory in nature and
non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The present disclosure is illustrated by way of
example and not limited in the accompanying figures in
which like reference numerals indicate similar elements.

FIG. 1 is a schematic illustration of an elevator sys-
tem with a beam climber system, in accordance with
an embodiment of the disclosure;

FIG. 2 illustrates a schematic view of a brake condi-
tion based monitoring system, in accordance with an
embodiment of the disclosure;

FIG. 3 is a flow chart of method of detecting brake
drag within an elevator system, in accordance with
an embodiment of the disclosure; and

FIG. 4 is a flow chart of method of detecting brake
drag within an elevator system, in accordance with
an embodiment of the disclosure.

DETAILED DESCRIPTION

[0026] FIG. 1 is a perspective view of an elevator sys-
tem 101 including an elevator car 103, a beam climber
system 130, a controller 115, and a power source 120.
Although illustrated in FIG. 1 as separate from the beam
climber system 130, the embodiments described herein
may be applicable to a controller 115 included in the
beam climber system 130 (i.e., moving through an ele-
vator shaft 117 with the beam climber system 130) and
may also be applicable to a controller located off of the
beam climber system 130 (i.e., remotely connected to
the beam climber system 130 and stationary relative to
the beam climber system 130). Although illustrated in
FIG. 1 as separate from the beam climber system 130,
the embodiments described herein may be applicable to
a power source 120 included in the beam climber system
130 (i.e., moving through the elevator shaft 117 with the
beam climber system 130) and may also be applicable
to a power source located off of the beam climber system
130 (i.e., remotely connected to the beam climber system
130 and stationary relative to the beam climber system
130).
[0027] The beam climber system 130 is configured to
move the elevator car 103 within the elevator shaft 117
and along guide rails 109a, 109b that extend vertically
through the elevator shaft 117. In an embodiment, the
guide rails 109a, 109b are T-beams. The beam climber
system 130 includes one or more electric motors 132a,
132c. The electric motors 132a, 132c are configured to
move the beam climber system 130 within the elevator
shaft 117 by rotating one or more wheels 134a, 134c that

are pressed against a guide beam 111a, 111b. In an em-
bodiment, the guide beams 111a, 111b are I-beams. It
is understood that while an I-beam is illustrated, any
beam or similar structure may be utilized with the em-
bodiment described herein. Friction between the wheels
134a, 134b, 134c, 134d driven by the electric motors
132a, 132c allows the wheels 134a, 134b, 134c, 134d to
climb up 21 and down 22 the guide beams 111a, 111b.
The guide beam extends vertically through the elevator
shaft 117. It is understood that while two guide beams
111a, 111b are illustrated, the embodiments disclosed
herein may be utilized with one or more guide beams. It
is also understood that while two electric motors 132a,
132c are illustrated, the embodiments disclosed herein
may be applicable to beam climber systems 130 having
one or more electric motors. For example, the beam
climber system 130 may have one electric motor for each
of the four wheels 134a, 134b, 134c, 134d. The electrical
motors 132a, 132c may be permanent magnet electrical
motors, asynchronous motor, or any electrical motor
known to one of skill in the art. In other embodiments,
not illustrated herein, another configuration could have
the powered wheels at two different vertical locations
(i.e., at bottom and top of an elevator car 103).
[0028] The first guide beam 111a includes a web por-
tion 113a and two flange portions 114a. The web portion
113a of the first guide beam 111a includes a first surface
112a and a second surface 112b opposite the first sur-
face 112a. A first wheel 134a is in contact with the first
surface 112a and a second wheel 134b is in contact with
the second surface 112b. The first wheel 134a may be
in contact with the first surface 112a through a tire 135
and the second wheel 134b may be in contact with the
second surface 112b through a tire 135. The first wheel
134a is compressed against the first surface 112a of the
first guide beam 111a by a first compression mechanism
150a and the second wheel 134b is compressed against
the second surface 112b of the first guide beam 111a by
the first compression mechanism 150a. The first com-
pression mechanism 150a compresses the first wheel
134a and the second wheel 134b together to clamp onto
the web portion 113a of the first guide beam 111a. The
first compression mechanism 150a may be a metallic or
elastomeric spring mechanism, a pneumatic mecha-
nism, a hydraulic mechanism, a turnbuckle mechanism,
an electromechanical actuator mechanism, a spring sys-
tem, a hydraulic cylinder, a motorized spring setup, or
any other known force actuation method. The first com-
pression mechanism 150a may be adjustable in real-time
during operation of the elevator system 101 to control
compression of the first wheel 134a and the second
wheel 134b on the first guide beam 111a. The first wheel
134a and the second wheel 134b may each include a
tire 135 to increase traction with the first guide beam
111a.
[0029] The first surface 112a and the second surface
112b extend vertically through the shaft 117, thus creat-
ing a track for the first wheel 134a and the second wheel
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134b to ride on. The flange portions 114a may work as
guardrails to help guide the wheels 134a, 134b along this
track and thus help prevent the wheels 134a, 134b from
running off track.
[0030] The first electric motor 132a is configured to ro-
tate the first wheel 134a to climb up 21 or down 22 the
first guide beam 111a. The first electric motor 132a may
also include a first motor brake 137a to slow and stop
rotation of the first electric motor 132a. The first motor
brake 137a may be mechanically connected to the first
electric motor 132a. The first motor brake 137a may be
a clutch system, a disc brake system, a drum brake sys-
tem, a brake on a rotor of the first electric motor 132a,
an electronic braking, an Eddy current brakes, a Magne-
torheological fluid brake or any other known braking sys-
tem. The beam climber system 130 may also include a
first guide rail brake 138a operably connected to the first
guide rail 109a. The first guide rail brake 138a is config-
ured to slow movement of the beam climber system 130
by clamping onto the first guide rail 109a. The first guide
rail brake 138a may be a caliper brake acting on the first
guide rail 109a on the beam climber system 130, or cal-
iper brakes acting on the first guide rail 109 proximate
the elevator car 103.
[0031] The second guide beam 111b includes a web
portion 113b and two flange portions 114b. The web por-
tion 113b of the second guide beam 111b includes a first
surface 112c and a second surface 112d opposite the
first surface 112c. A third wheel 134c is in contact with
the first surface 112c and a fourth wheel 134d is in contact
with the second surface 112d. The third wheel 134c may
be in contact with the first surface 112c through a tire 135
and the fourth wheel 134d may be in contact with the
second surface 112d through a tire 135. A third wheel
134c is compressed against the first surface 112c of the
second guide beam 111b by a second compression
mechanism 150b and a fourth wheel 134d is compressed
against the second surface 112d of the second guide
beam 111b by the second compression mechanism
150b. The second compression mechanism 150b com-
presses the third wheel 134c and the fourth wheel 134d
together to clamp onto the web portion 113b of the sec-
ond guide beam 111b. The second compression mech-
anism 150b may be a spring mechanism, turnbuckle
mechanism, an actuator mechanism, a spring system, a
hydraulic cylinder, and/or a motorized spring setup. The
second compression mechanism 150b may be adjusta-
ble in real-time during operation of the elevator system
101 to control compression of the third wheel 134c and
the fourth wheel 134d on the second guide beam 111b.
The third wheel 134c and the fourth wheel 134d may
each include a tire 135 to increase traction with the sec-
ond guide beam 111b.
[0032] The first surface 112c and the second surface
112d extend vertically through the shaft 117, thus creat-
ing a track for the third wheel 134c and the fourth wheel
134d to ride on. The flange portions 114b may work as
guardrails to help guide the wheels 134c, 134d along this

track and thus help prevent the wheels 134c, 134d from
running off track.
[0033] The third electric motor 132c is configured to
rotate the third wheel 134c to climb up 21 or down 22 the
second guide beam 111b. The third electric motor 132c
may also include a third motor brake 137c to slow and
stop rotation of the third electric motor 132c. The third
motor brake 137c may be mechanically connected to the
third electric motor 132c. The third motor brake 137c may
be a clutch system, a disc brake system, drum brake
system, a brake on a rotor of the second electric motor
132b, an electronic braking, an Eddy current brake, a
Magnetorheological fluid brake, or any other known brak-
ing system. The beam climber system 130 includes a
second guide rail brake 138b operably connected to the
second guide rail 109b. The second guide rail brake 138b
is configured to slow movement of the beam climber sys-
tem 130 by clamping onto the second guide rail 109b.
The second guide rail brake 138b may be a caliper brake
acting on the first guide rail 109a on the beam climber
system 130, or caliper brakes acting on the first guide
rail 109 proximate the elevator car 103.
[0034] The elevator system 101 may also include a
position reference system 113. 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 109, and may be configured to provide position sig-
nals 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 mov-
ing component of the elevator system (e.g., the elevator
car 103 or the beam climber system 130), or may be
located in other positions and/or configurations as known
in the art. The position reference system 113 can be any
device or mechanism for monitoring a position of an el-
evator car within the elevator shaft 117, as known in the
art. For example, without limitation, the position reference
system 113 can be an encoder, sensor, accelerometer,
altimeter, pressure sensor, range finder, or other system
and can include velocity sensing, absolute position sens-
ing, etc., as will be appreciated by those of skill in the art.
[0035] The controller 115 may be an electronic con-
troller including a processor 116 and an associated mem-
ory 119 comprising computer-executable instructions
that, when executed by the processor 116, cause the
processor 116 to perform various operations. The proc-
essor 116 may be, but is not limited to, a single-processor
or multiprocessor system of any of a wide array of pos-
sible architectures, including field programmable gate ar-
ray (FPGA), central processing unit (CPU), application
specific integrated circuits (ASIC), digital signal proces-
sor (DSP) or graphics processing unit (GPU) hardware
arranged homogenously or heterogeneously. The mem-
ory 119 may be but is not limited to a random access
memory (RAM), read only memory (ROM), or other elec-
tronic, optical, magnetic or any other computer readable
medium.
[0036] The controller 115 is configured to control the
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operation of the elevator car 103 and the beam climber
system 130. For example, the controller 115 may provide
drive signals to the beam climber system 130 to control
the acceleration, deceleration, leveling, stopping, etc. of
the elevator car 103.
[0037] The controller 115 may also be configured to
receive position signals from the position reference sys-
tem 113 or any other desired position reference device.
[0038] When moving up 21 or down 22 within the ele-
vator shaft 117 along the guide rails 109a, 109b, the el-
evator car 103 may stop at one or more landings 125 as
controlled by the controller 115. In one embodiment, the
controller 115 may be located remotely or in the cloud.
In another embodiment, the controller 115 may be locat-
ed on the beam climber system 130.
[0039] The power supply 120 for the elevator system
101 may be any power source, including a power grid
and/or battery power which, in combination with other
components, is supplied to the beam climber system 130.
In one embodiment, power source 120 may be located
on the beam climber system 130. In an embodiment, the
power supply 120 is a battery that is included in the beam
climber system 130.
[0040] The elevator system 101 may also include an
accelerometer 107 attached to the elevator car 103 or
the beam climber system 130. The accelerometer 107 is
configured to detect an acceleration and/or a speed of
the elevator car 103 and the beam climber system 130.
[0041] Referring now to FIG. 2, with continued refer-
ence to FIG. 1, a brake condition based monitoring sys-
tem 200 is illustrated, in accordance with an embodiment
of the present disclosure. It should be appreciated that,
although particular systems are separately defined in the
schematic block diagrams, each or any of the systems
may be otherwise combined or separated via hardware
and/or software. In one embodiment, the brake condition
based monitoring system 200 may be a separate hard-
ware module in electronic communication with the con-
troller 115. The separate hardware module may be local
or remote (e.g., software as a service). In another em-
bodiment, the brake condition based monitoring system
200 may be software installed directly on the memory
119 of the controller 115 and the software may consist
of operations to be performed by the processor 116.
[0042] The elevator system 101 includes at least one
brake 137a, 137b, 137c, 137d, 138a, 138b configured to
slow the elevator car 103. The brake condition based
monitoring system 200 is configured to assess the health
and braking force or torque of brakes 137a, 137b, 137c,
137d, 138a, 138b of the beam climber system 130. Spe-
cifically, the brake condition based monitoring system
200 is configured to determine a brake health of the
brakes 137a, 137b, 137c, 137d, 138a, 138b of the beam
climber system 130. More specifically, the brake condi-
tion based monitoring system 200 is configured to deter-
mine whether the brake does not have adequate clear-
ance with its associated braking surface (i.e., whether
the brake sticking). The brakes 137a, 137b, 137c, 137d,

138a, 138b of the beam climber system 130 includes the
first motor brake 137a, a second motor brake 137b, the
third motor brake 137c, a fourth motor brake 137d, the
first guide rail brake 138a, and the second guide rail brake
138b.
[0043] The beam climber system also includes a sec-
ond electric motor 132b configured to move the beam
climber system 130 by rotating the second wheel 134b
and a fourth electric motor 132d configured to move the
beam climber system 130 by rotating the fourth wheel
134d. The first wheel 134a and the second wheel 134b
are pressed against the first guide beam 111a. The third
wheel 134c and the fourth wheel 134d is pressed up
against the second guide beam 111b.
[0044] Friction between the wheels 134a, 134b, 134c,
134d driven by the electric motors 132a, 132b, 132b,
132c allows the wheels 134a, 134b, 134c, 134d to climb
up 21 and down 22 the guide beams 111a, 111b. The
guide beam extends vertically through the elevator shaft
117. It is understood that while two guide beams 111a,
111b are illustrated, the embodiments disclosed herein
may be utilized with one or more guide beams. The elec-
trical motors 132a, 132b, 132c, 134d may be permanent
magnet electrical motors, asynchronous motor, or any
electrical motor known to one of skill in the art.
[0045] The second electric motor 132b is configured
to rotate the second wheel 134b to climb up 21 or down
22 the first guide beam 111a. The second electric motor
132b may also include a second motor brake 137b to
slow and stop rotation of the second electric motor 132b.
The second motor brake 137b may be mechanically con-
nected to the second electric motor 132b. The second
motor brake 137b may be a clutch system, a disc brake
system, a drum brake system, a brake on a rotor of the
first electric motor 132a, an electronic braking, an Eddy
current brakes, a Magnetorheological fluid brake or any
other known braking system.
[0046] The fourth electric motor 132d is configured to
rotate the fourth wheel 134d to climb up 21 or down 22
the second guide beam 111b. The fourth electric motor
132d may also include a fourth motor brake 137d to slow
and stop rotation of the fourth electric motor 132d. The
fourth motor brake 137d may be mechanically connected
to the fourth electric motor 132d. The fourth motor brake
137d may be a clutch system, a disc brake system, a
drum brake system, a brake on a rotor of the first electric
motor 132a, an electronic braking, an Eddy current
brakes, a Magnetorheological fluid brake or any other
known braking system.
[0047] The brake condition based monitoring system
200 is configured to detect when a braking clearance of
the first motor brake 137a is less than a prescribed brak-
ing clearance for the first motor brake 137a (i.e., when
the first motor brake 137a is dragging), when a braking
clearance of the second motor brake 137b is less than a
prescribed braking clearance for the second motor brake
137b(i.e., when the second motor brake 137b is drag-
ging), when a braking clearance of the third motor brake
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137c is less than a prescribed braking clearance for the
third motor brake 137c (i.e., when the third motor brake
137d is dragging), when a braking clearance of the fourth
motor brake 137d is less than a prescribed braking clear-
ance for the fourth motor brake 137d (i.e., when the fourth
motor brake 137d is dragging), when a braking clearance
of the first guide rail brake 138a is less than a prescribed
braking clearance for the first guide rail brake 138a (i.e.,
when the first guide rail brake 138a is dragging), and/or
a braking clearance of the second guide rail brake 138b
is less than a prescribed braking clearance for the second
guide rail brake 138b (i.e., when the second guide rail
brake 138a is dragging) based upon at least a torque of
the first electric motor 132a, the second electric motor
132b, third electric motor 132c, and/or the fourth electric
motor 132d. The torque on each electric motor 132a,
132b, 132b, 132c may be measured based upon the elec-
tric voltage being sent to each electric motor 132a, 132b,
132b, 132c. Torque may also be monitored using a sen-
sor, such as strain gauge. From a detection of abnormal
torque, it may be inferred that there is a lack of adequate
clearance for a brake 137a, 137b, 137c, 137d, 138a,
138b or in other words the brake 137a, 137b, 137c, 137d,
138a, 138b is dragging.
[0048] In an example, a torque v. motor speed chart
220 illustrates a torque 222 of the first electric motor 132a,
a torque 224 of the second electric motor 132b, a torque
226 of the third electric motor 132c, and/or a torque 228
the fourth electric motor 132d. If commanded by the con-
troller 115 to rotate at the same speed the first electric
motor 132a, second electric motor 132b, the third electric
motor 132c, and the fourth electric motor 132d should
each see relatively the same torque. When the torque of
one electric motor is higher than the torque on the other
electric motors, it may indicate that the motor with the
higher torque may be experiencing increase drag, which
may be caused by a dragging brake or in other words a
brake with a braking clearance that is less than a pre-
scribed braking clearance. For example, the torque v.
motor speed chart 220 illustrates the torque 228 on the
fourth electric motor 132d being higher than the torque
222 of the first electric motor 132a, the torque 224 of the
second electric motor 132b, and the torque 226 of the
third electric motor 132c, thus this may be indicative that
the fourth motor brake 137d is dragging or sticking. Con-
versely, when moving downwards, a motor 137a, 137b,
137c, 137d with less torque may indicate a dragging
brake 137a, 137b, 137c, 137d, 138a, 138b.
[0049] The brake conditioning system 200 may be con-
figured to take into account other parameters that may
cause an increase in torque on the electric motors 132a,
132b, 132b, 132c, such as, for example passenger loads
within the elevator car. For example, the if all the pas-
sengers in the elevator car 103 are located in the portion
of the elevator car 103 proximate the first electric motor
132a, that may cause increased torque on the first electric
motor 132a. This may be expected in pairs of motors
132a, 132b, 132b, 132c with wheels 134a, 134b, 134c,

134d pinching the same guide beam 111a, 111b.
[0050] The elevator car 103 may include a floor pres-
sure sensor, which may be one or more pressure sensors
located in the floor of an elevator car 103 that utilizes
pressure data on the floor to detect a human and/or an
object within the elevator car 103 to help determine a
center of gravity 103a of the elevator car 103 and a load
with the elevator car 103. The floor pressure sensor gen-
erates a pressure map for analysis. Another load weigh-
ing system that can be used to isolate the center of the
elevator car 103 load is to put load cells under the car
platform at various locations. For example, the load
weighing system may include four load cells spaced in a
rectangular arrangement (e.g., front/left, front/right,
back/left, back/right) and from the readings of these load
cells the total force in the car and its X/Y location can be
resolved. It is understood that any other desired load
measurement system may be utilized. Further the loads
within the elevator car 103 may be measure when the
elevator car is stationary to obtain a baseline load meas-
urement.
[0051] As shown in the center of gravity chart 300, the
brake conditioning system 200 may determine the center
of gravity 103a of the elevator car 103. If the center of
gravity 103a shifts closer towards any wheel 134a, 134b,
134c, 134d, (as measured on a floor 103b of the elevator
car 103) then that may increase torque on the electric
motor 132a, 132b, 132c, 132d of the wheel 134a, 134b,
134c, 134d. The brake conditioning system 200 may
break down the elevator car 103 into four quadrants 310a,
310b, 310c, 310d including a first quadrant 310a, a sec-
ond quadrant 310b, a third quadrant 310c, and a fourth
quadrant 310d and calculate the loads in each of the first
quadrant 310a, the second quadrant 310b, the third
quadrant 310c, and the fourth quadrant 310d in order to
determine the center of gravity 103a of the elevator car
103.
[0052] The brake condition monitoring system 200
may be configured to normalize the effect of that the cent-
er of gravity 103a of the elevator car 103 may have on
the torque 222 of the first electric motor 132a, the torque
224 of the second electric motor 132b, the torque 226 of
the third electric motor 132c, and the torque 228 the fourth
electric motor 132d. By normalizing the effect of the cent-
er of gravity 103a, the brake condition monitoring system
200 may then attribute excess torque on any particular
electric motor 132a, 132b, 132b, 132c to the braking
clearance being less than the prescribed braking clear-
ance of the respective motor brake 137a, 137b, 137c,
137d, or in other words the motor brake 137a, 137b, 137c,
137d is sticking or dragging.
[0053] If two motors 132a, 132b, 132c, 132d on the
same guide beam 109a, 109b are experiencing a similar
increase in torque then it may indicate that the proximate
guide rail brake 138a, 138b has a braking clearance be-
ing less than the prescribed braking clearance of the re-
spective guide rail brake 138a, 138b. In one example, if
the first electric motor 132a and the second electric motor
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132b are experiencing similar increases in torque than
either the first guide rail brake 138a may be sticking
and/or the first motor brake 137a and the third motor
break 137b may be sticking. In another example, if the
third electric motor 132c and the fourth electric motor
132c are experiencing similar increases in torque than
either the second guide rail brake 138b may be sticking
and/or the third motor brake 137c and the fourth motor
brake 137d may be sticking.
[0054] Referring now to FIG. 3, with continued refer-
ence to FIGS. 1-2, a flow chart of method 400 of detecting
brake drag within an elevator systems 101 is illustrated,
in accordance with an embodiment of the disclosure.
[0055] At block 404, a first electric motor 132a of a
beam climber system 130 rotates a first wheel 134a. The
first wheel 134a being in contact with a first surface 112a
of a first guide beam 111a that extends vertically through
an elevator shaft 117.
[0056] At block 406, the beam climber system 130
moves an elevator car 103 through the elevator shaft
when the first wheel 134a of the beam climber system
130 rotates along the first surface 112a of the first guide
beam 111a.
[0057] At block 408, a brake condition based monitor-
ing system 200 detects when the first motor brake 137a
is dragging (i.e., when a braking clearance of the first
motor brake 137a is less than a prescribed braking clear-
ance of the first motor brake 137a) based upon at least
a torque of the first electric motor 132a.
[0058] The method 400 may further comprise a center
of gravity 103a of the elevator car 103. The brake con-
dition based monitoring system 200 is configured to de-
tect when the first motor brake 137a is dragging (i.e.,
when a braking clearance of the first motor brake 137a
is less than a prescribed braking clearance of the first
motor brake 137a) based upon at least a torque of the
first electric motor 132a and the center of gravity 103a.
[0059] The method 400 may further comprise that the
torque of the first electric motor 132a is normalized based
on the center of gravity 103a of the elevator car 103.
[0060] The method 400 may further comprise that a
second electric motor 132b of a beam climber system
rotates a second wheel 134b. The second wheel 134b
being in contact with a second surface of a first guide
beam 111a. The beam climber system moves the eleva-
tor car 103 through the elevator shaft 117 when the first
wheel 134a of the beam climber system rotates along
the first surface of the first guide beam 111a and the
second wheel 134b of the beam climber system rotates
along the second surface of the first guide beam 111a.
The brake condition based monitoring system 200 de-
tects at least one of when the first motor brake 137a is
dragging (i.e., when a braking clearance of a first motor
brake 137a is less than a prescribed braking clearance
of the first motor brake 137a) or when the third motor
brake 137c is dragging (i.e., when a braking clearance
of a third motor brake 137c is less than a prescribed brak-
ing clearance of the third motor brake 137c).

[0061] The method 400 may further comprise that the
brake condition monitoring system detects when the first
guide rail brake 138a is dragging (i.e., when the braking
clearance of the first guide rail 109a brake is less than a
prescribed braking clearance of the first guide rail brake
138a) based upon at least a torque of the first electric
motor 132a and the torque of the second electric motor
132b.
[0062] The method 400 may further include that a sec-
ond electric motor 132b of a beam climber system rotates
a second wheel 134b, a third electric motor 132c of a
beam climber system rotates a third wheel 134c, and a
fourth electric motor 132d rotates a fourth wheel 134d.
The second wheel 134b being in contact with a second
surface of the first guide beam 111a, the third wheel 134c
being in contact with a first surface of a second guide
beam 111b that extends vertically through the elevator
shaft 117, and the fourth wheel 134d being in contact
with a second surface of the second guide beam 111b.
The beam climber system move the elevator car 103
through the elevator shaft 117 when the first wheel 134a
of the beam climber system rotates along the first surface
of the first guide beam 111a, the second wheel 134b of
the beam climber system rotates along the second sur-
face of the first guide beam 111a, the third wheel 134c
rotates along the first surface of the second guide beam
111b, and the fourth wheel 134d rotates along the second
surface of the second guide beam 111b. The brake con-
dition based monitoring system 200 detects at least one
of when the first motor brake 137a is dragging (i.e., when
a braking clearance of a first motor brake 137a is less
than a prescribed braking clearance of the first motor
brake 137a), when the second motor brake 137b is drag-
ging (i.e., when a braking clearance of a second motor
brake 137b is less than a prescribed braking clearance
of the second motor brake 137b), when the third motor
brake 137c is dragging (i.e., when a braking clearance
of a third motor brake 137c is less than a prescribed brak-
ing clearance of the third motor brake 137c), or when the
fourth motor brake 137d is dragging (i.e., when a braking
clearance of a fourth motor brake 137d is less than a
prescribed braking clearance of the fourth motor brake
137d).While the above description has described the flow
process of FIG. 3 in a particular order, it should be ap-
preciated that unless otherwise specifically required in
the attached claims that the ordering of the steps may
be varied.
[0063] Referring now to FIG. 4, with continued refer-
ence to FIGS. 1-2, a flow chart of method 500 of detecting
brake drag within an elevator systems 101 is illustrated,
in accordance with an embodiment of the disclosure. It
is understood that while method 400 discusses the elec-
tric motor in the singular, any number of electric motors
can be utilized. At block 504, a load within the elevator
car 103 is detected. At block 506, the center of gravity
103a of the elevator car 103 is also determined. At block
508, a predicted motor torque of the electric motor 132a,
132b, 132c, 132d during a constant speed of the elevator
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car 103 is determined. At block 510, a motor torque de-
tection range for the electric motor 132a, 132b, 132c,
132d is adjusted based on the load within the elevator
car 103 and the center of gravity 103a, or in other words
the torque is normalized. At block 512, the beam climber
system 130 moves the elevator car 103 for an elevator
run and the motor torques experienced by the electric
motor 132a, 132b, 132c, 132d is recorded during a con-
stant speed portion of the elevator run. At block 514, It
is detected whether the motor torque experienced by the
electric motor 132a, 132b, 132c, 132d during the con-
stant speed portion of the elevator run was outside of the
motor torque detection range that was adjusted based
on the load within the elevator car 103 and the center of
gravity 103a. At block 516, an alert may be activated if
the motor torque experienced by the electric motor 132a,
132b, 132c, 132d during the constant speed portion of
the elevator run was outside of the motor torque detection
range that was adjusted based on the load within the
elevator car 103 and the center of gravity 103a
[0064] While the above description has described the
flow process of FIG. 4 in a particular order, it should be
appreciated that unless otherwise specifically required
in the attached claims that the ordering of the steps may
be varied.
[0065] The present invention may be a system, a meth-
od, and/or a computer program product at any possible
technical detail level of integration. The computer pro-
gram product may include a computer readable storage
medium (or media) having computer readable program
instructions thereon for causing a processor to carry out
aspects of the present invention.
[0066] As described above, embodiments can be in
the form of processor-implemented processes and de-
vices for practicing those processes, such as processor.
Embodiments can also be in the form of computer pro-
gram code (e.g., computer program product) containing
instructions embodied in tangible media (e.g., non-tran-
sitory computer readable medium), such as floppy dis-
kettes, CD ROMs, hard drives, or any other non-transi-
tory computer readable medium, wherein, when the com-
puter program code is loaded into and executed by a
computer, the computer becomes a device for practicing
the embodiments. Embodiments can also be in the form
of computer program code, for example, whether stored
in a storage medium, loaded into and/or executed by a
computer, or transmitted over some transmission medi-
um, loaded into and/or executed by a computer, or trans-
mitted over some transmission medium, such as over
electrical wiring or cabling, through fiber optics, or via
electromagnetic radiation, wherein, when the computer
program code is loaded into and executed by a computer,
the computer becomes an device for practicing the ex-
emplary embodiments. When implemented on a general-
purpose microprocessor, the computer program code
segments configure the microprocessor to create specif-
ic logic circuits.
[0067] The term "about" is intended to include the de-

gree of error associated with measurement of the partic-
ular quantity and/or manufacturing tolerances based up-
on the equipment available at the time of filing the appli-
cation.
[0068] 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. 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.
[0069] 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:

an elevator car configured to travel through an
elevator shaft;
a first guide beam extending vertically through
the elevator shaft, the first guide beam compris-
ing a first surface and a second surface opposite
the first surface;
a beam climber system configured to move the
elevator car through the elevator shaft, the beam
climber system comprising:

a first wheel in contact with the first surface;
and
a first electric motor configured to rotate the
first wheel;
a first motor brake mechanically connected
to the first electric motor, the first motor
brake configured to slow the elevator car;
and
a brake condition based monitoring system
configured to detect when the first motor
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brake is dragging.

2. The elevator system of claim 1, wherein the brake
condition based monitoring system is configured to
detect when the first motor brake is dragging based
upon at least a torque of the first electric motor.

3. The elevator system of claim 2, further comprising:
a floor pressure sensor configured to determine a
center of gravity of the elevator car, wherein the
brake condition based monitoring system is config-
ured to detect when the first motor brake is dragging
based upon at least the torque of the first electric
motor and the center of gravity.

4. The elevator system of claim 3, wherein the brake
condition monitoring system is configured to normal-
ize the torque of the first electric motor based on the
center of gravity of the elevator car.

5. The elevator system of any preceding claim, wherein
the beam climber system further comprises:

a second wheel in contact with the second sur-
face;
a second electric motor configured to rotate the
second wheel; and
a second motor brake mechanically connected
to the second electric motor, the second motor
brake configured to slow the elevator car,
wherein the brake condition based monitoring
system is configured to detect when the second
motor brake is dragging.

6. The elevator system of claim 5, wherein the brake
condition based monitoring system is configured to
detect when the second motor brake is dragging
based upon at least a torque of the second electric
motor.

7. The elevator system of claim 5 or 6, further compris-
ing:

a first guide rail extending vertically through the
elevator shaft,
wherein the beam climber system further com-
prises:

a first guide rail brake operably connected
to the first guide rail,
wherein the brake condition monitoring sys-
tem is configured to detect when the first
guide rail brake is dragging based upon at
least a torque of the first electric motor and
the torque of the second electric motor.

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

a second guide beam extending vertically
through the elevator shaft, the second guide
beam comprising a first surface of the second
guide beam and a second surface of the second
guide beam opposite the first surface of the sec-
ond guide beam,
wherein the beam climber system further com-
prises:

a second wheel in contact with the second
surface of the first guide beam;
a second electric motor configured to rotate
the second wheel;
a second motor brake mechanically con-
nected to the second electric motor, the sec-
ond motor brake configured to slow the el-
evator car;
a third wheel in contact with the first surface
of the second guide beam;
a third electric motor configured to rotate
the third wheel;
a third motor brake mechanically connected
to the third electric motor, the third motor
brake configured to slow the elevator car;
a fourth wheel in contact with the second
surface of the second guide beam;
a fourth electric motor configured to rotate
the fourth wheel;
a fourth motor brake mechanically connect-
ed to the fourth electric motor, the fourth mo-
tor brake configured to slow the elevator car,
wherein the brake condition based monitor-
ing system is configured to detect when sec-
ond motor brake is dragging, detect when
the third motor brake is dragging, and detect
when the fourth motor brake is dragging.

9. The elevator system of claim 8, further comprising:

a second guide rail extending vertically through
the elevator shaft,
wherein the beam climber system further com-
prises:

a second guide rail brake operably connect-
ed to the second guide rail,
wherein the brake condition monitoring sys-
tem is configured to detect when the second
guide rail brake is dragging based upon at
least a torque of the third electric motor and
a torque of the fourth electric motor.

10. The elevator system of claim 8 or 9, further compris-
ing:
a floor pressure sensor configured to determine a
center of gravity of the elevator car, wherein the
brake condition based monitoring system is config-
ured to detect at least one of when the first motor
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brake is dragging, detect when the second motor
brake is dragging, detect when the third motor brake
is dragging, or detect when the fourth motor brake
is dragging based upon at least the torque of the first
electric motor, a torque of the second electric motor,
a torque of the third electric motor, a torque of the
fourth electric motor, and the center of gravity.

11. The elevator system of any of claims 8-10, wherein
the brake condition monitoring system is configured
to normalize the torque of the first electric motor, the
second electric motor, the third electric motor, and
the fourth electric motor based on the center of grav-
ity of the elevator car.

12. A method of detecting brake drag within an elevator
system, the method comprising:

rotating, using a first electric motor of a beam
climber system, a first wheel, the first wheel be-
ing in contact with a first surface of a first guide
beam that extends vertically through an elevator
shaft;
moving, using the beam climber system, an el-
evator car through the elevator shaft when the
first wheel of the beam climber system rotates
along the first surface of the first guide beam;
and
detecting, using a brake condition based moni-
toring system, when a first motor brake is drag-
ging.

13. The method of claim 12, further comprising:

detecting a torque of the first electric motor,
wherein the brake condition based monitoring
system is configured to detect when the first mo-
tor brake is dragging based upon at least a
torque of the first electric motor; and optionally
detecting a center of gravity of the elevator car,
wherein the brake condition based monitoring
system is configured to detect when the first mo-
tor brake is dragging based upon at least a
torque of the first electric motor and the center
of gravity; and optionally
normalizing the torque of the first electric motor
based on the center of gravity of the elevator car.

14. The method claim 12 or 13, further comprising:

rotating, using a second electric motor of the
beam climber system, a second wheel, the sec-
ond wheel being in contact with a second sur-
face of the first guide beam;
moving, using the beam climber system, the el-
evator car through the elevator shaft when the
first wheel of the beam climber system rotates
along the first surface of the first guide beam

and the second wheel of the beam climber sys-
tem rotates along the second surface of the first
guide beam; and
detecting, using the brake condition based mon-
itoring system, at least one of when the first mo-
tor brake is dragging or when the second motor
brake is dragging; and optionally
wherein the elevator system further comprises
a first guide rail extending vertically through the
elevator shaft,
wherein the beam climber system further com-
prises a first guide rail brake operably connected
to the first guide rail,
wherein the method further comprises:
detecting, using the brake condition monitoring
system, when the first guide rail brake is drag-
ging based upon at least a torque of the first
electric motor and a torque of the second electric
motor.

15. A method of detecting brake drag within an elevator
system, the method comprising:

detecting a load within an elevator car;
determining a center of gravity of the elevator
car;
determining a predicted motor torque of an elec-
tric motor of a beam climber assembly during a
constant speed of the elevator car;
adjusting a motor torque detection range for the
electric motor based on the load within the ele-
vator car and the center of gravity;
moving the elevator car, using the beam climber
system, for an elevator run and recording the
motor torque experienced by the electric motor
during a constant speed portion of the elevator
run;
detecting whether the motor torque experienced
by the electric motor during the constant speed
portion of the elevator run was outside of the
motor torque detection range that was adjusted
based on the load within the elevator car and
the center of gravity; and
activating an alert if the motor torque experi-
enced by the electric motor during the constant
speed portion of the elevator run was outside of
the motor torque detection range that was ad-
justed based on the load within the elevator car
and the center of gravity.
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