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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.

[0003] EP 3466 857 A1 describes an elevator system
including a hoistway, a rail extending along the hoistway
and an elevator car located in and movable along the
hoistway. A drive assembly is operably connected to the
elevator car and includes two or more wheels engages
to opposing surfaces of the rail. The drive assembly is
configured t apply an engagement force to the rail to both
support the elevator car at the rail and drive the elevator
car along the rail.

[0004] JP 2014227233 A describes an apparatus and
method for reliably detecting a brake drag by setting a
judgement value. The hoistincludes a main cable having
a car connected at one end and a counterweight con-
nected at the other end, and a motor for driving a sheave
on which the main cable is wound. A safety device for
detecting an abnormality in the braking is provided for a
braking device on the hoisting machine.

[0005] WO 2005/066057 A2 describes a method and
system for testing the condition of the brakes of an ele-
vator. A test weight is set to apply to the drive machine
of the elevator, and by means of the weight a first torque
required for driving the elevator car is measured. At least
one of the brakes is closed. The empty elevator car is
driven upwards with the force of the first torque and a
check is carried out to detect movement of the elevator
car. If movement is detected the brake is regarded as
defective.

[0006] EP 3945056 A1, whichis prior art under Article
54(3) EPC, describes a system for detecting a dragging
brake of an elevator system.

BRIEF SUMMARY

[0007] According to a first aspect of the presentinven-
tion, an elevator system is provided in accordance with
claim 1.

[0008] Further embodiments may include that the
brake condition monitoring system is configured to nor-
malize the torque of the first electric motor based on the
center of gravity of the elevator car.

[0009] Further embodiments may include that the
beam climber system further includes: a second wheel
in contact with the second surface; a second electric mo-
tor configured to rotate the second wheel; and a second
motor brake mechanically connected to the second elec-
tric motor, the second motor brake configured to slow the
elevator car, wherein the brake condition based monitor-
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ing system is configured to detect when the second motor
brake is dragging.

[0010] 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.
[0011] Further embodiments may include a first guide
rail extending vertically through the elevator shaft, where-
in the beam climber system further includes: a first guide
rail brake operably connected to the first guide rail,
wherein the brake condition monitoring system is config-
ured 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.

[0012] Further embodiments may include a second
guide beam extending vertically through the elevator
shaft, the second guide beam including a first surface of
the second guide beam and a second surface of the sec-
ond guide beam opposite the first surface of the second
guide beam, wherein the beam climber system further
includes: a second wheel in contact with the second sur-
face of the first guide beam; a second electric motor con-
figured to rotate the second wheel; a second motor brake
mechanically connected to the second electric motor, the
second motor brake configured 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 con-
nected to the third electric motor, the third motor brake
configured to slow the elevator car; a fourth wheel in con-
tact with the second surface 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 config-
ured to slow the elevator car, wherein the brake condition
based monitoring system is configured to detect when
second motor brake is dragging, detect when the third
motor brake is dragging, and detect when the fourth mo-
tor brake is dragging.

[0013] 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.
[0014] Further embodiments may include a first guide
rail extending vertically through the elevator shaft, where-
in the beam climber system further includes: a first guide
rail brake operably connected to the first guide rail,
wherein the brake condition monitoring system is config-
ured 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 electric motor.

[0015] Further embodiments may include a second
guide rail extending vertically through the elevator shaft,
wherein the beam climber system furtherincludes: a sec-
ond 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 atleast a torque of the third elec-
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tric motor and a torque of the fourth electric motor.
[0016] In further embodiments the brake condition
based monitoring system is configured to further detect
at least one of when the second motor brake is dragging,
when the third motor brake is dragging, or 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.

[0017] Further embodiments may include that the
brake condition monitoring system is configured to nor-
malize the torque of the first electric motor, the second
electric motor, the third electric motor, and the fourth elec-
tric motor based on the center of gravity of the elevator
car.

[0018] According to a second aspect of the present
invention, a method of detecting brake drag within an
elevator system is provided in accordance with claim 10.
[0019] Further embodiments may include that normal-
izing the torque of the first electric motor based on the
center of gravity of the elevator car.

[0020] Further embodiments may include that rotating,
using a second electric motor of the beam climber sys-
tem, 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 climb-
er system rotates along the first surface of the first guide
beam and the second wheel of the beam climber system
rotates along the second surface of the first guide beam;
detecting, using the brake condition based monitoring
system, atleast one of when the first motor brake is drag-
ging or when the second motor brake is dragging.
[0021] Further embodiments may include a first guide
rail extending vertically through the elevator shaft, where-
in the beam climber system further 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] Technical effects of embodiments of the
presentinvention include testing brakes of abeam climb-
er system by detecting increased motor torque on one
of the electric motors driving the wheels.

[0023] The foregoing features and elements may be
combined in various combinations, unless expressly in-
dicated otherwise, while remaining within the scope of
the claims. These features and elements as well as the
operation thereof will become more apparent in light of
the following description and the accompanying draw-
ings. It should be understood, however, that the following
description and drawings are intended to be illustrative
and explanatory in nature and non-limiting.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The present invention 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 present invention;

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

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

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

DETAILED DESCRIPTION

[0025] 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
apower 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).

[0026] 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, 134cthat
are pressed against a guide beam 111a, 111b. Inan 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-
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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, 132¢c 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).

[0027] 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
134ais 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.

[0028] 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
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.
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[0029] 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.

[0030] 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
thefirst surface 112c and afourth 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.

[0031] 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.

[0032] The third electric motor 132c is configured to
rotate the third wheel 134c to climb up 21 or down 22 the
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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 137¢ 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.

[0033] 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.
[0034] 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.

[0035] The controller 115 is configured to control the
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
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the elevator car 103.

[0036] 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.
[0037] 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.

[0038] 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.

[0039] 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.
[0040] 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 invention. 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.
[0041] 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, 1374,
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
firstguide rail brake 138a, and the second guide rail brake



9 EP 3 945 054 B1 10

138b.

[0042] 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.

[0043] 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 1113,
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.

[0044] 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.

[0045] The fourth electric motor 132d is configured to
rotate the fourth wheel 134d to climb up 21 or down 22
the second guide beam 11 1b. 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.

[0046] 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
137c is less than a prescribed braking clearance for the
third motor brake 137c (i.e., when the third motor brake
137dis dragging), when a braking clearance of the fourth
motor brake 137d is less than a prescribed braking clear-
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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
isless 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
132Db, 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, 137¢c, 137d,
138a, 138b is dragging.

[0047] In an example, a torque v. motor speed chart
220illustrates atorque 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.

[0048] 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, thatmay cause increased torque on thefirstelectric
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.
[0049] 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
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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.

[0050] As shown inthe 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, 134D,
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 3 10c, 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.

[0051] 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 132¢, 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, orin other words the motor brake 137a, 137b, 137c,
137d is sticking or dragging.

[0052] 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
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
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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.

[0053] Referring now to FIG. 3, with continued refer-
ence to FIGS. 1-2, aflow chart of method 400 of detecting
brake drag within an elevator systems 101 is illustrated,
in accordance with an embodiment of the invention.
[0054] 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.

[0055] 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.

[0056] 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.

[0057] 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 103 a.
[0058] The method 400 may further comprise that the
torque of the first electric motor 132ais normalized based
on the center of gravity 103a of the elevator car 103.
[0059] 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).

[0060] 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
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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.

[0061] 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 137ais 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 athird motor brake 137cis 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.

[0062] Referring now to FIG. 4, with continued refer-
enceto 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 invention. It is
understood that while method 400 discusses the electric
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 car
103 is determined. Atblock 510, a motor torque detection
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
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torque is normalized. Atblock 512, the beam climber sys-
tem 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 constant
speed portion of the elevator run. At block 514, It is de-
tected whether the motor torque experienced by the elec-
tric 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. 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 el-
evator 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 103 a

[0063] 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.

[0064] The presentinvention 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.

[0065] 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 acomputer,
the computer becomes an device for practicing the ex-
emplary embodiments. Whenimplemented on a general-
purpose microprocessor, the computer program code
segments configure the microprocessor to create specif-
ic logic circuits.

[0066] 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.
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[0067] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present invention. 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.
[0068] 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 invention is not thus limited.
Rather, the present invention can be modified to incor-
porate any number of variations, alterations, substitu-
tions, combinations, sub-combinations, or equivalent ar-
rangements notheretofore described, but which are com-
mensurate with the scope of the appended claims. Ad-
ditionally, while various embodiments of the present in-
vention 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
invention 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 (101) comprising:

an elevator car (103) configured to travel
through an elevator shaft (117);

a first guide beam (111a) extending vertically
through the elevator shaft (117), the first guide
beam (111a) comprising a first surface (112a)
and a second surface (112b) opposite the first
surface (111a);

a beam climber system (130) configured to
move the elevator car (103) through the elevator
shaft(117), the beam climber system (130) com-
prising:

a first wheel (134a) in contact with the first
surface (112a); and

a first electric motor (132a) configured to
rotate the first wheel (134a);
afirstmotor brake (137a) mechanically con-
nected to the first electric motor (132a), the
first motor brake (137a) configured to slow
the elevator car (103); and

a brake condition based monitoring system
(200) configured to detect when the first mo-
tor brake (137a) is dragging;
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wherein the brake condition based monitoring
system (200) is configured to detect when the
first motor brake (137a) is dragging based upon
at least a torque (222) of the first electric motor
(132a);

and characterized by:

a floor pressure sensor configured to determine
a center of gravity (103a) of the elevator car
(103), wherein the brake condition based mon-
itoring system (200) is configured to detect when
the first motor brake (137a) is dragging based
upon at least the torque (222) of the first electric
motor (132a) and the center of gravity (103a).

The elevator system (101) of claim 1, wherein the
brake condition based monitoring system (200) is
configured to normalize the torque (222) of the first
electric motor (132a) based on the center of gravity
(103a) of the elevator car (103).

The elevator system (101) of any preceding claim,
wherein the beam climber system (130) further com-
prises:

a second wheel (134b) in contact with the sec-
ond surface (112b);

a second electric motor (132b) configured to ro-
tate the second wheel (134b); and

a second motor brake (137b) mechanically con-
nected to the second electric motor (132b), the
second motor brake (137b) configured to slow
the elevator car (103),

wherein the brake condition based monitoring
system (200) is configured to detect when the
second motor brake (137b) is dragging.

The elevator system (101) of claim 3, wherein the
brake condition based monitoring system (200) is
configured to detect when the second motor brake
(137b) is dragging based upon at least atorque (224)
of the second electric motor (132b).

The elevator system (101) of claim 3 or 4, further
comprising:

a first guide rail (109a) extending vertically
through the elevator shaft (117),

wherein the beam climber system (130) further
comprises:

a first guide rail brake (138a) operably con-
nected to the first guide rail (109a),
wherein the brake condition based monitor-
ing system (200) is configured to detect
whenthefirstguiderailbrake (138a)is drag-
ging based upon at least a torque (222) of
the first electric motor (132a) and the torque
(224) of the second electric motor (132b).



17 EP 3 945 054 B1 18

6. Theelevatorsystem (101)according to any of claims

3 to 5, further comprising:

a second guide beam (111b) extending vertical-
ly through the elevator shaft (117), the second
guide beam (111b) comprising a first surface
(112c) of the second guide beam (111b) and a
second surface (112d) of the second guide
beam (111b) opposite the first surface (112c) of
the second guide beam (11 1b),

wherein the beam climber system (130) further
comprises:

a third wheel (134c) in contact with the first
surface (112c) of the second guide beam
(111b);

a third electric motor (132c) configured to
rotate the third wheel (134c);

a third motor brake (137c) mechanically
connected to the third electric motor (132c),
the third motor brake (137c¢) configured to
slow the elevator car (103);

a fourth wheel (134a) in contact with the
second surface (112d) of the second guide
beam (111b);

a fourth electric motor (132d) configured to
rotate the fourth wheel (134d);

a fourth motor brake (137d) mechanically
connected to the fourth electric motor
(132d), the fourth motor brake (137d) con-
figured to slow the elevator car (103),
wherein the brake condition based monitor-
ing system (200) is configured to detect
when the third motor brake (137c) is drag-
ging, and detect when the fourth motor
brake (137d) is dragging.

The elevator system (101) of claim 6, further com-
prising:

a second guide rail (109b) extending vertically
through the elevator shaft (117),

wherein the beam climber system (130) further
comprises:

a second guide rail brake (138b) operably
connected to the second guide rail (109b),
wherein the brake condition based monitor-
ing system (200) is configured to detect
when the second guide rail brake (138b) is
dragging based upon at least a torque (226)
of the third electric motor (132c) and a
torque (228) of the fourth electric motor
(132d).

8. The elevator system (101) of claim 6 or 7, further

comprising:
wherein the brake condition based monitoring sys-
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10.

1.

12.

tem (200) is configured to detect at least one of when
the second motor brake (137b) is dragging, when
the third motor brake (137c¢) is dragging, or when the
fourth motor brake (137d) is dragging based upon
at least a torque (224) of the second electric motor
(132b), a torque (226) of the third electric motor
(132c), a torque (228) of the fourth electric motor
(132d), and the center of gravity (103a).

The elevator system (101) of any of claims 6-8,
wherein the brake condition based monitoring sys-
tem (200) is configured to normalize the torque (222,
224, 226, 228) of the first electric motor (132a), the
second electric motor (132b), the third electric motor
(132c), and the fourth electric motor (132d) based
on the center of gravity (103a) of the elevator car
(103).

A method of detecting brake drag within an elevator
system (101), the method comprising:

rotating (404), using a first electric motor (132a)
of a beam climber system (130), 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 eleva-
tor shaft (117);

moving (406), using the beam climber system
(130), an elevator car (103) through the elevator
shaft (117) when the first wheel (134a) of the
beam climber system (130) rotates along the
firstsurface (112a) of the firstguidebeam (111a)
and

detecting (408), using a brake condition based
monitoring system (200), when a first motor
brake (137a) is dragging; detecting a torque
(222) of the first electric motor (132a), wherein
the brake condition based monitoring system
(200) is configured to detect when the first motor
brake (137a) is dragging based upon at least a
torque (222) of the first electric motor (132a);
and

characterized by:

detecting a center of gravity (103a) of the ele-
vator car (103), wherein the brake condition
based monitoring system (200) is configured to
detect when the first motor brake (137a) is drag-
ging based upon at least a torque (222) of the
first electric motor (132a) and the center of grav-
ity (103a).

The method of claim 10, further comprising:
normalizing the torque (222) of the first electric motor
(132a) based on the center of gravity of the elevator
car.

The method of claim 10 or 11, further comprising:
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rotating, using a second electric motor (132b) of
the beam climber system (130), a second wheel
(134b), the second wheel (134b) being in con-
tact with a second surface (112b) of the first
guide beam (111a);

moving, using the beam climber system (130),
the elevator car (103) through the elevator shaft
(117) when the first wheel (134a) of the beam
climber system (130) rotates along the first sur-
face (112a) of the first guide beam (111a) and
the second wheel (134b) of the beam climber
system (130) rotates along the second surface
(112b) of the first guide beam (111a); and
detecting (408), using the brake condition based
monitoring system (200), at least one of when
the first motor brake (137a) is dragging or when
the second motor (137b) brake is dragging.

13. The method of claim 12,

wherein the elevator system (101) further com-
prises a first guide rail (109a) extending vertical-
ly through the elevator shaft (117),

wherein the beam climber system (130) further
comprises a first guide rail brake (138a) opera-
bly connected to the first guide rail (109a),

Patentanspriiche

Aufzugssystem (101), umfassend:

eine Aufzugskabine (103), die dazu konfiguriert
ist, sich durch einen Aufzugsschacht (117) zu
bewegen;

einen ersten Fihrungsbalken (111a), der sich
vertikal durch den Aufzugsschacht (117) er-
streckt, wobei der erste Flihrungsbalken (111a)
eine erste Flache (112a) und eine zweite Flache
(112b) gegeniiber der ersten Flache (111a) um-
fasst;

ein Balkenkletterersystem (130), das dazu kon-
figuriert ist, die Aufzugskabine (103) durch den
Aufzugsschacht (117) zu bewegen, wobei das
Balkenkletterersystem (130) Folgendes um-
fasst:

ein erstes Rad (134a), das in Kontakt mit
der ersten Flache (112a) steht; und

einen ersten Elektromotor (132a), der dazu
konfiguriertist, das erste Rad (134a) zu dre-
hen;

eine erste Motorbremse (137a), die mecha-
nisch mit dem ersten Elektromotor (132a)
verbundenist, wobeidie erste Motorbremse
(137a) dazu konfiguriert ist, die Aufzugska-
bine (103) zu verlangsamen; und

ein bremsbedingungsbasiertes Uberwa-
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1"

chungssystem (200), das dazu konfiguriert
ist, zu detektieren, wenn die erste Motor-
bremse (137a) schleift;

wobei das bremsbedingungsbasierte Uber-
wachungssystem (200) dazu konfiguriert
ist, basierend auf mindestens einem Dreh-
moment (222) des ersten Elektromotors
(132a) zu detektieren, wenn die erste Mo-
torbremse (137a) schleift;

und gekennzeichnet durch:

einen Bodendrucksensor, der dazu konfi-
guriertist, einen Masseschwerpunkt (103a)
der Aufzugskabine (103) zu bestimmen,
wobei das bremsbedingungsbasierte Uber-
wachungssystem (200) dazu konfiguriert
ist, basierend auf mindestens dem Drehmo-
ment (222) des ersten Elektromotors (132a)
und dem Masseschwerpunkt (103a) zu de-
tektieren, wenn die erste Motorbremse
(137a) schleift.

2. Aufzugssystem (101) nach Anspruch 1, wobei das

bremsbedingungsbasierte  Uberwachungssystem
(200) dazu konfiguriert ist, das Drehmoment (222)
des ersten Elektromotors (132a) basierend auf dem
Masseschwerpunkt (103a) der Aufzugskabine (103)
zu normalisieren.

Aufzugssystem (101) nach einem vorhergehenden
Anspruch, wobei das Balkenkletterersystem (130)
ferner Folgendes umfasst:

ein zweites Rad (134b), das in Kontakt mit der
zweiten Flache (112b) steht;

einen zweiten Elektromotor (132b), der dazu
konfiguriert ist, das zweite Rad (134b) zu dre-
hen; und

eine zweite Motorbremse (137b), die mecha-
nisch mit dem zweiten Elektromotor (132b) ver-
bunden ist, wobei die zweite Motorbremse
(137b) dazu konfiguriert ist, die Aufzugskabine
(103) zu verlangsamen,

wobei das bremsbedingungsbasierte Uberwa-
chungssystem (200) dazu konfiguriertist, zu de-
tektieren, wenn die zweite Motorbremse (137b)
schleift.

Aufzugssystem (101) nach Anspruch 3, wobei das
bremsbedingungsbasierte  Uberwachungssystem
(200) dazu konfiguriert ist, basierend auf mindestens
einem Drehmoment (224) des zweiten Elektromo-
tors (132b) zu detektieren, wenn die zweite Motor-
bremse (137b) schleift.

Aufzugssystem (101) nach Anspruch 3 oder 4, ferner
Folgendes umfassend:

eine erste Fiihrungsschiene (109a), die sich ver-
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tikal durch den Aufzugsschacht (117) erstreckt,
wobei das Balkenkletterersystem (130) ferner
Folgendes umfasst:

eine erste  FuUhrungsschienenbremse
(138a), die mit der ersten Fiihrungsschiene
(109a) wirkverbunden ist,

wobei das bremsbedingungsbasierte Uber-
wachungssystem (200) dazu konfiguriert
ist, basierend auf mindestens einem Dreh-
moment (222) des ersten Elektromotors
(132a) und dem Drehmoment (224) des
zweiten Elektromotors (132b) zu detektie-
ren, wenn die erste Fihrungsschienen-
bremse (138a) schleift.

6. Aufzugssystem (101) nach einem der Anspriiche 3

bis 5, ferner Folgendes umfassend:

einen zweiten FUhrungsbalken (111b), der sich
vertikal durch den Aufzugsschacht (117) er-
streckt, wobei der zweite Fihrungsbalken
(111b) eine erste Flache (112c) des zweiten
Fihrungsbalkens (111b) und eine zweite Flache
(112d)des zweiten Fiihrungsbalkens (111b) ge-
genuber der ersten Flache (112c) des zweiten
Fihrungsbalkens (111b) umfasst,

wobei das Balkenkletterersystem (130) ferner
Folgendes umfasst:

ein drittes Rad (134c), das in Kontakt mit
der ersten Flache (112c) des zweiten Fiih-
rungsbalkens (111b) steht;

einen dritten Elektromotor (132c), der dazu
konfiguriertist, das dritte Rad (134c) zu dre-
hen;

eine dritte Motorbremse (137c), die mecha-
nisch mit dem dritten Elektromotor (132c)
verbundenist, wobei die dritte Motorbremse
(137c) dazu konfiguriert ist, die Aufzugska-
bine (103) zu verlangsamen;

ein viertes Rad (134a), das in Kontakt mit
der zweiten Flache (112d) des zweiten Fiih-
rungsbalkens (111b) steht;

einen vierten Elektromotor (132d), derdazu
konfiguriert ist, das vierte Rad (134d) zu
drehen;

eine vierte Motorbremse (137d), die mecha-
nisch mit dem vierten Elektromotor (132d)
verbunden ist, wobei die vierte Motorbrem-
se (137d) dazu konfiguriert ist, die Aufzugs-
kabine (103) zu verlangsamen,

wobei das bremsbedingungsbasierte Uber-
wachungssystem (200) dazu konfiguriert
ist, zu detektieren, wenn die dritte Motor-
bremse (137c¢) schleift, und zu detektieren,
wenn die vierte Motorbremse (137d)
schleift.
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Aufzugssystem (101) nach Anspruch 6, ferner Fol-
gendes umfassend:

eine zweite Fihrungsschiene (109b), die sich
vertikal durch den Aufzugsschacht (117) er-
streckt,

wobei das Balkenkletterersystem (130) ferner
Folgendes umfasst:

eine zweite Fihrungsschienenbremse
(138b), die mit der zweiten Fiihrungsschie-
ne (109b) wirkverbunden ist,

wobei das bremsbedingungsbasierte Uber-
wachungssystem (200) dazu konfiguriert
ist, basierend auf mindestens einem Dreh-
moment (226) des dritten Elektromotors
(132c) und einem Drehmoment (228) des
vierten Elektromotors (132d) zu detektie-
ren, wenn die zweite Fiihrungsschienen-
bremse (138b) schleift.

Aufzugssystem (101) nach Anspruch 6 oder 7, ferner
Folgendes umfassend:

das bremsbedingungsbasierte Uberwachungssys-
tem (200) ist dazu konfiguriert, basierend auf min-
destens einem Drehmoment (224) des zweiten Elek-
tromotors (132b), einem Drehmoment (226) des drit-
ten Elektromotors (132c), einem Drehmoment (228)
des vierten Elektromotors (132d) und dem Masse-
schwerpunkt (103a) mindestens eines des Folgen-
den zu detektieren: wenn die zweite Motorbremse
(137b) schleift, wenn die dritte Motorbremse (137¢)
schleift oder wenn die vierte Motobremse (137d)
schleift.

Aufzugssystem (101) nach einem der Anspriiche
6-8, wobei das bremsbedingungsbasierte Uberwa-
chungssystem (200) dazu konfiguriert ist, das Dreh-
moment (222, 224, 226, 228) des ersten Elektromo-
tors (132a), des zweiten Elektromotors (132b), des
dritten Elektromotors (132c) und des vierten Elek-
tromotors (132d) basierend auf dem Masseschwer-
punkt (103a) der Aufzugskabine (103) zu normali-
sieren.

Verfahren zum Detektieren von Bremsschleifen in-
nerhalb eines Aufzugssystems (101), wobei das
Verfahren Folgendes umfasst:

Drehen (404), unter Verwendung eines ersten
Elektromotors (132a) eines Balkenkletterersys-
tems (130), eines ersten Rads (134a), wobei das
erste Rad (134a) in Kontakt mit einer ersten Fla-
che (112a) eines ersten Fuhrungsbalkens
(111a) steht, der sich vertikal durch einen Auf-
zugsschacht (117) erstreckt;

Bewegen (406), unter Verwendung des Balken-
kletterersystems (130), einer Aufzugskabine
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(103) durch den Aufzugsschacht (117), wenn
sich das erste Rad (134a) des Balkenkletterer-
systems (130) entlang der ersten Flache (112a)
des ersten Fiihrungsbalkens (111a) dreht, und
Detektieren (408), unter Verwendung eines
bremsbedingungsbasierten  Uberwachungs-
systems (200), wenn eine erste Motorbremse
(137a) schleift; Detektieren eines Drehmoments
(222) des ersten Elektromotors (132a), wobei
das bremsbedingungsbasierte Uberwachungs-
system (200) dazu konfiguriert ist, basierend auf
mindestens einem Drehmoment (222) des ers-
ten Elektromotors (132a) zu detektieren, wenn
die erste Motorbremse (137a) schleift; und
gekennzeichnet durch:

Detektieren eines Masseschwerpunkts (103a)
der Aufzugskabine (103), wobei das bremsbe-
dingungsbasierte Uberwachungssystem (200)
dazu konfiguriert ist, basierend auf mindestens
einem Drehmoment (222) des ersten Elektro-
motors (132a) und dem Masseschwerpunkt
(103a) zu detektieren, wenn die erste Motor-
bremse (137a) schleift.

11. Verfahren nach Anspruch 10, ferner umfassend:

12.

Normalisieren des Drehmoments (222) des ersten
Elektromotors (132a) basierend auf dem Masse-
schwerpunkt der Aufzugskabine.

Verfahren nach Anspruch 10 oder 11, ferner umfas-
send:

Drehen, unter Verwendung eines zweiten Elek-
tromotors (132b) des Balkenkletterersystems
(130), eines zweiten Rads (134b), wobei das
zweite Rad (134b) in Kontakt mit einer zweiten
Flache (112b) des ersten Fuhrungsbalkens
(111a) steht;

Bewegen, unter Verwendung des Balkenklette-
rersystems (130), der Aufzugskabine (103)
durch den Aufzugsschacht (117), wenn sich das
erste Rad (134a) des Balkenkletterersystems
(130) entlang der ersten Flache (112a) des ers-
ten Fihrungsbalkens (111a) dreht und sich das
zweite Rad (134b) des Balkenkletterersystems
(130) entlang der zweiten Flache (112b)des ers-
ten Fiihrungsbalkens (111a) dreht; und
Detektieren (408), unter Verwendung des
bremsbedingungsbasierten  Uberwachungs-
systems (200), mindestens eines des Folgen-
den: wenndie erste Motorbremse (137a) schleift
oder wenn die zweite Motorbremse (137b)
schleift.

13. Verfahren nach Anspruch 12,

wobei das Aufzugssystem (101) ferner eine ers-
te Fuhrungsschiene (109a) umfasst, die sich
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vertikal durch den Aufzugsschacht (117) er-
streckt,

wobei das Balkenkletterersystem (130) ferner
eine erste Fihrungsschienenbremse (138a)
umfasst, die mit der ersten Fihrungsschiene
(109a) wirkverbunden ist,

und wobei das Verfahren ferner Folgendes um-
fasst:

Detektieren, unter Verwendung des bremsbe-
dingungsbasierten Uberwachungssystems
(200), wenn die erste Fiihrungsschienenbrem-
se (138a) schleift, basierend auf mindestens ei-
nem Drehmoment (222) des ersten Elektromo-
tors (132a) und einem Drehmoment (224) des
zweiten Elektromotors (132b).

Revendications

Systeme d’ascenseur (101) comprenant :

une cabine d’ascenseur (103) congue pour se
déplacer atravers une cage d’ascenseur (117) ;
une premiére poutre de guidage (111a) s’éten-
dant verticalement a travers la cage d’ascen-
seur(117),la premiére poutre de guidage (111a)
comprenant une premiére surface (112a) etune
seconde surface (112b) opposée a la premiere
surface (111a) ;

un systéme de plate-forme a poutre (130) congu
pour déplacer la cabine d’ascenseur (103) a tra-
vers la cage d’ascenseur (117), le systeme de
plate-forme a poutre (130) comprenant :

une premiéere roue (134a) en contact avec
la premiére surface (112a) ; et

un premier moteur électrique (132a) congu
pour faire tourner la premiére roue (134a) ;
et

un premier frein moteur (137a) relié méca-
niquement au premier moteur électrique
(132a), le premier frein moteur (137a) étant
congu pour ralentir la cabine d’ascenseur
(103) ; et

un systéme de surveillance basé sur I'état
de frein (200) congu pour détecter le mo-
ment ou le premier frein moteur (137a)
traine ;

danslequel le systéme de surveillance basé
sur I'état de frein (200) est congu pour dé-
tecter le moment ou le premier frein moteur
(137a) traine surla base d’au moins un cou-
ple (222) du premier moteur électrique
(132a) ;

et caractérisé par :

un capteur de pression au sol congu pour
déterminer un centre de gravité (103a) de
la cabine d’ascenseur (103), dans lequel le
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systéme de surveillance basé sur I'état de
frein (200) est congu pour détecter le mo-
ment ou le premier frein moteur (137a) trai-
ne sur la base d’au moins le couple (222)
du premier moteur électrique (132a) et du
centre de gravité (103a).

Systeme d’ascenseur (101) selon la revendication
1, dans lequel le systeme de surveillance basé sur
I'état de frein (200) est congu pour normaliser le cou-
ple (222) du premier moteur électrique (132a) sur la
base du centre de gravité (103a) de la cabine d’as-
censeur (103).

Systeme d’ascenseur (101) selon une quelconque
revendication précédente, dans lequel le systéeme
de plate-forme a poutre (130) comprend en outre :

une deuxieéme roue (134b) en contact avec la
seconde surface (112b) ;

un deuxiéeme moteur électrique (132b) congu
pour faire tourner la deuxieme roue (134b) ; et
un deuxiéme frein moteur (137b) relié mécani-
quement au deuxieme moteur électrique (132b),
le deuxiéme frein moteur (137b) étant congu
pour ralentir la cabine d’ascenseur (103),

dans lequel le systéme de surveillance basé sur
I'état de frein (200) est congu pour détecter le
momentou le deuxieme frein moteur (137b) trai-
ne.

Systeme d’ascenseur (101) selon la revendication
3, dans lequel le systéme de surveillance basé sur
I'état de frein (200) est congu pour détecter le mo-
ment ou le deuxieme frein moteur (137b) traine sur
la base d’au moins un couple (224) du deuxiéme
moteur électrique (132b).

Systeme d’ascenseur (101) selon la revendication 3
ou 4, comprenant en outre :

un premier rail de guidage (109a) s’étendant
verticalement a travers la cage d’ascenseur
(117),

dans lequel le systeme de plate-forme a poutre
(130) comprend en outre :

un premier frein de rail de guidage (138a)
relié de maniere opérationnelle au premier
rail de guidage (109a),

danslequelle systéeme de surveillance basé
sur I'état de frein (200) est congu pour dé-
tecter le moment ou le premier frein de rail
de guidage (138a) traine sur la base d’au
moins un couple (222) du premier moteur
électrique (132a) et du couple (224) du
deuxiéme moteur électrique (132b).
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6. Systeme d’ascenseur (101) selon I'une quelconque

des revendications 3 a 5, comprenant en outre :

une seconde poutre de guidage (111b) s’éten-
dant verticalement a travers la cage d’ascen-
seur(117),la seconde poutre de guidage (111b)
comprenant une premiéere surface (112c) de la
seconde poutre de guidage (111b) et une se-
conde surface (112d) de la seconde poutre de
guidage (111b) opposée a la premiére surface
(112c) de la seconde poutre de guidage (111b),
dans lequel le systeme de plate-forme a poutre
(130) comprend en outre :

une troisieme roue (134c) en contact avec
la premiere surface (112c) de la seconde
poutre de guidage (111b) ;

un troisieme moteur électrique (132c) con-
¢u pour faire tourner la troisieme roue
(134c);

un troisieme frein moteur (137c) relié mé-
caniqguement au troisieme moteur électri-
que (132c), le troisieme frein moteur (137c)
étant congu pour ralentir la cabine d’ascen-
seur (103) ;

une quatrieme roue (134a) en contact avec
la seconde surface (112d) de la seconde
poutre de guidage (111b) ;

un quatrieme moteur électrique (132d) con-
¢u pour faire tourner la quatrieme roue
(134d) ;

un quatrieme frein moteur (137d) relié mé-
caniqguement au quatrieme moteur électri-
que (132d), le quatrieme frein moteur
(137d) étant congu pour ralentir la cabine
d’ascenseur (103),

danslequel le systéeme de surveillance basé
sur I'état de frein (200) est congu pour dé-
tecter le moment ou le troisiéme frein mo-
teur (137c) traine, et détecter le moment ou
le quatrieme frein moteur (137d) traine.

Systeme d’ascenseur (101) selon la revendication
6, comprenant en outre :

un secondrail de guidage (109b) s’étendant ver-
ticalement a travers la cage d’ascenseur (117),
dans lequel le systeme de plate-forme a poutre
(130) comprend en outre :

un deuxiéme frein de rail de guidage (138b)
relié de maniére opérationnelle au second
rail de guidage (109b),

danslequel le systéeme de surveillance basé
sur I'état de frein (200) est congu pour dé-
tecter le moment ou le deuxieme frein de
rail de guidage (138b) traine sur la base
d’au moins un couple (226) du troisieme
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moteur électrique (132c) et d’'un couple
(228) du quatrieme moteur électrique
(132d).

Systeme d’ascenseur (101) selon la revendication 6
ou 7, comprenant en outre :

danslequelle systeme de surveillance basé surl'état
de frein (200) est congu pour détecter au moins 'un
parmile moment ou le deuxieme frein moteur (137b)
traine, le moment ou le troisieme frein moteur (137c¢)
traine, ou le moment ou le quatrieme frein moteur
(137d) traine sur la base d’au moins un couple (224)
du deuxiéeme moteur électrique (132b), un couple
(226) du troisieme moteur électrique (132c), un cou-
ple (228) du quatrieme moteur électrique (132d), et
du centre de gravité (103a).

Systeme d’ascenseur (101) selon I'une quelconque
des revendications 6 a 8, dans lequel le systéme de
surveillance basé sur I'état de frein (200) est congu
pour normaliser le couple (222, 224, 226, 228) du
premier moteur électrique (132a), du deuxiéme mo-
teur électrique (132b), du troisieme moteur électri-
que (132c) et du quatrieme moteur électrique (132d)
sur la base du centre de gravité (103a) de la cabine
d’ascenseur (103) .

Procédé de détection de résistance au freinage a
l'intérieur d’un systéeme d’ascenseur (101), le procé-
dé comprenant :

la rotation (404), a I'aide d’'un premier moteur
électrique (132a) d’'un systeme de plate-forme
a poutre (130), d’'une premiere roue (134a), la
premiére roue (134a) étant en contact avec une
premiére surface (112a) d’'une premiere poutre
de guidage (111a) qui s’étend verticalement a
travers une cage d’ascenseur (117) ;

le déplacement (406), a l'aide du systéeme de
plate-forme a poutre (130), d’'une cabine d’as-
censeur (103) a travers la cage d’ascenseur
(117) lorsque la premiére roue (134a) du syste-
me de plate-forme a poutre (130) tourne le long
de la premiere surface (112a) de la premiere
poutre de guidage (111a) et

la détection (408), a I'aide d’'un systéme de sur-
veillance basé sur I'état de frein (200), du mo-
ment ou un premier frein moteur (137a) traine ;
la détection d’'un couple (222) du premier moteur
électrique (132a), dans lequel le systeme de sur-
veillance basé sur I'état de frein (200) est congu
pour détecter le moment ou le premier frein mo-
teur (137a) traine sur la base d’au moins un cou-
ple (222) du premier moteur électrique (132a) ;
et

caractérisé par :

la détection d’'un centre de gravité (103a) de la
cabine d’ascenseur (103), dans lequel le syste-
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me de surveillance basé sur I'état de frein (200)
est congu pour détecter le momentou le premier
frein moteur (137a) traine surlabase d’au moins
un couple (222) du premier moteur électrique
(132a) et du centre de gravité (103a).

Procédé selon la revendication 10, comprenant en
outre :

la normalisation du couple (222) du premier moteur
électrique (132a) sur la base du centre de gravité de
la cabine d’ascenseur.

Procédé selon la revendication 10 ou 11, compre-
nant en outre :

la rotation, a l'aide d’un deuxiéme moteur élec-
trique (132b) du systéme de plate-forme a pou-
tre (130), d'une deuxieme roue (134b), la
deuxieme roue (134b) étanten contact avecune
seconde surface (112b) de la premiéere poutre
de guidage (111a) ;

le déplacement, a l'aide du systeme de plate-
forme a poutre (130), de la cabine d’ascenseur
(103) a travers la cage d’ascenseur (117) lors-
que la premiére roue (134a) du systeme de pla-
te-forme a poutre (130) tourne le long de la pre-
miere surface (112a) de la premiére poutre de
guidage (111a) et la deuxieme roue (134b) du
systeme de plate-forme a poutre (130) tourne le
long de la seconde surface (112b) de la premié-
re poutre de guidage (111a) ; et

la détection (408), a l'aide du systéme de sur-
veillance basé sur I'état de frein (200), d’au
moins I'un parmi le moment ou le premier frein
moteur (137a) traine ou le moment ou le deuxié-
me frein moteur (137b) traine.

Procédé selon la revendication 12,

dans lequel le systeme d’ascenseur (101) com-
prend en outre un premier rail de guidage (109a)
s’étendant verticalement a travers la cage d’as-
censeur (117),

dans lequel le systeme de plate-forme a poutre
(130) comprend en outre un premier frein de rail
de guidage (138a) relié¢ de maniére opération-
nelle au premier rail de guidage (109a),

et dans lequel le procédé comprend en outre :
la détection, a I'aide du systeme de surveillance
basé sur I'état de frein (200), du moment ou le
premier frein de rail de guidage (138a) traine
sur la base d’au moins un couple (222) du pre-
mier moteur électrique (132a) etun couple (224)
du deuxiéme moteur électrique (132b).
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