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(57) Abstract: A monitoring system (24) for a support structure (16) is provided. The monitoring system (24) may include a resis-
tance circuit (32) coupled to the support structure (16), and an interface circuit (34) coupled to the resistance circuit (32). The re-
sistance circuit (32) may include a first set of resistors (40, 40a-h) and a second set of resistors (42, 42a-j), wherein the second set
of resistors (40, 40a-h, 42, 42a-j) is configured to provide a reference voltage. The interface circuit (34) may include one or more
comparators (46), wherein each comparator (46) is configured to compare a voltage across at least one of the resistors (40, 40a-h,
42, 42a-j) with the reference voltage and generate an output signal corresponding to the comparison. The interface circuit (34)
may be configured to continuously monitor an effective resistance of the support structure (16) based on the output signals.
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RESISTANCE-BASED MONITORING SYSTEM AND METHOD

FIELD OF THE DISCLOSURE

[0001] The present disclosure generally relates to monitoring systems and methods,
and more particularly, to systems and methods for monitoring the condition of a support

structure, for example a belt used in an elevator system.

BACKGROUND OF THE DISCLOSURE

[0002] Tensile support structures, such as coated steel belts or wire ropes containing
metal cords, are used to move an elevator car up and down within an elevator shaft or
hoistway. Because the condition of the tensile support structure is critical to the safety of
the operation of the elevator, there is a need to determine the remaining strength level of
the tensile support and detect if the remaining strength level falls below a minimum

threshold.

[0003] The strength of a tensile support structure can be reduced by normal operation
of the elevator over time. The primary source of the degradation in the strength of the
support structure is the cyclic bending of the support structure around sheaves as the
elevator is moved up and down in an elevator shaft or hoistway. The degradation of a
support structure is normally not uniform along the length of the support structure, but
rather, focused to areas of the support structure that are subjected to high levels or

severities of bending cycles.

[0004] Some electrical characteristics, such as electrical resistance or impedance, of the
cables, cords or tension members in the support structure will vary as the cross-sectional
areas of the tension members decrease. Accordingly, it is possible to detgemine the

remaining support strength of the support structure based on the electrical characteristics
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of the tension members thereof. There currently are some monitoring systems which
employ a resistance-based inspection scheme to monitor the resistance of support
structures, and thus, the remaining strength thereof. Such systems are built upon
microprocessor based designs, which utilize several analog to digital and/or digital to
analog interfaces, and other added implementations for processing digital signals. Thg
digital nature of such systems further rely on sampled data, and thus, are unable to

provide continuous monitoring or immediate responses to detected fault conditions.

[0005] Accordingly, there is a need for a system and method for monitoring that is less
complex and more cost-effective. Alternatively or in addition, there is a need for systems
and methods that are capable of providing continuous monitoring of support structures
and immediate response to detected fault conditions. Finally, there is an alternative or
additional need for a monitoring system that allows for easier and more accurate

calibrations thereof.

SUMMARY OF THE DISCLOSURE

[0006] In accordance with one aspect of the disclosure, a monitoring system for a
support structure is provided. The monitoring system may include a resistance circuit
coupled to the support structure, and an interface circuit coupled to the resistance circuit.
The resistance circuit may have a first set of resistors and a second set of resistors,
wherein the second set of resistors is configured to provide a reference voltage. The
interface circuit may include one or more comparators, wherein each comparator is
configured to compare a voltage across at least one of the resistors with the reference
voltage and generate an output signal corfesponding to the comparison. The interface
circuit may be configured to continuously monitor an effective resistance of the support

structure based on the output signals.



WO 2012/030332 PCT/US2010/047445

[0007] In accordance with another aspect of the disclosure, a method for calibrating a
resistance-based monitoring system for a support structure is provided. The method may
provide a resistance circuit coupled to the suppoﬁ structure, wherein the resistance circuit
includes a first set of resistors and a second set of resistors disposed at least partially in
parallel to the support structure. The method may further génerate a reference voltage
across the second set of resistors, compare a voltage across at least one of the first sét of
resistors with the reference voltage, and édj ust the reference voltage until an effective

resistance of the support structure is substantially matched by the resistance circuit.

[0008] In accordance with yet another aspect of the disclosure, a method for
monitoring a support structure is provided. The method may provide a resistance circuit
coupled to the support structure, wherein the resistance circuit includes a first set of
resistors and a second set of resistors disposed at least partially in parallel to the support
structure. The method may further generate a reference voltage across the second set of
resistors, wherein the reference voltage corresponding to an initial effective resistance of
the support structure. The method may also compare a voltage across at least one of the
first set of resistors with the reference voltage, and determine at least one operational state

of the support structure based on the comparisons.

[0009] These and other aspects of this disclosure will become more readily apparent
upon reading the following detailed description when taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a partial perspective view of an elevator system,;

[0011] FIG. 2A is a partial perspective view of a tensile support structure;
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[0012] FIG. 2B is partial top plan view of two ends of a tensile support structure;
[0013] FIG. 3 is a schematic view of an exemplary monitoring system;
[0014] FIG. 4 is a schematic view of onc exemplary set of adjustable resistors;

[0015] FIG. 5 is a tabular view of exemplary thresholds by which the monitoring

system of FIG. 3 may operate; and

[0016] FIG. 6 is a diagrammatic view of a method for monitoring a support structure of

an elevator system and a method for calibrating a resistance-based inspection system.

[0017] While the present disclosure is susceptible to various modifications and
alternative constructions, certain illustrative embodiments thereof have been shown in the
drawings and will be described below in detail. It should be understood, howe;/er, that
there is no intention to be limited to the specific forms disclosed, but on the contrary, the
intention is to cover all modifications, alternative constructions, and equivalents falling

with the spirit and scope of the present disclosure.

DETAILED DESCRIPTION

[0018] The present invention relates to monitoring of support structures. While FIG. 1
describes one possible support structure, in particular a tensile support structure, namely
belts or ropes used to suspend and/or drive components of an elevator system, the present
invention could be used with other support structures. Other exemplary support
structures include belts or jacketed cords as used in exercise machines, jacketed cables as
used with cranes, or any other multi-strand wire or rope being used in tension. Referring
now to FIG. 1, an elevator sysfem 10 is shown in schematic fashion. It is to be

understood that the version of the elevator system 10 shown in FIG. 1 is for illustrative
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purposes only and to present background for the various components of a general elevator

system.

[0'019] As shown in FIG. 1, the elevator system 10 may include a car 12 coupled to a
' counterweight 14 by a support structure 16. The support structure 16 may extend over a
traction sheave 18 that is driven by a machine 20. Traction between the sheave 18 and
the support structure 16 may drive the car 12 and counterweight 14 through the hoistway.
Operation of the machine 20 may be controlled by a main controller 22. The elevator
system 10 may further include a monitoring system 24 in electrical communication with,
and/or disposed in a location proximate to, the support structure 16 and configured to
detect the condition of the support structure 16 by measuring, for example continuously

or intermittently, the resistance thereof.

[0020] Turning to FIG. 2A, one exemplary support structure 16 is provided in the form
of a belt having a plurality of individual tension members 26 in a jacket coating 28. The
tension members 26 may include conventional steel wires formed into strands and/or
cords, or any other supportive material having an electrical resistance. The jacket coating
28 may comprise one or more materials suitable for promoting traction with the traction |
sheave 18, such as polyurethane or elastomeric materials. The jacket coating 28 may
additionally comprise an electrically insulative material suitable for prohibiting electrical
communication therein. The operational condition or state of one or more (including each)
tension member 26 of the support structure 16 of FIG. 2A may be determined using a
resistance-based inspection scheme, wherein, for example, the remaining life of the one
or more tension members 26 of the support structure 16 may be determined in terms-of
the increase in the resistance of the tension members 26 relative to a baseline value (for

example measured during initial installation of the support structure 16 in the elevator

-5
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system 10. The overall operational condition or state of a support structure 16 could be
monitored continuously or intermittently for any substantial increase in resistance. The
support structure 16 may also be monitored for any wear in the jacket coating 28 by, for
example, detecting for any contact or electrical short between exposed tension members
26 and electrically conductive idler or traction sheaves 18. In one possible arrangement,
the individual tension members 26 may be connected in series so as to minimize the
number of monitored resistances and provide one effective resistance per support
structure 16. The effective resistance of a support structure 16 may be indicative of the
actual resistance, or any multiple, fraction or scale thereof, exhibited by the support
structure 16. As shown by the ends of an exemplary support structure 16 of FIG. 2B, the
tension members 26 may be coupled or shorted together at alternating and respective ends
using connectors 30 so as to electrically connect the tension members 26 associated with
one support structure 16 in series form. Other arrangements, such as monitoring one or
more tension members 26 in parallel or a combination of parallel and serial monitoring of

subsets of the tension members 26, are also possible.

[0021] Referring now to FIG. 3, an exemplary system 24 for monitoring the wear
condition of a support structure 16 of an elevator system 10 is provided. While other
configurations may exist, the monitoring system 24 of FIG. 3 may include a resistance
circuit 32 and an interface circuit 34 which employ a resistance-based inspection scheme.
The monitoring system 24 may supply an electrical signal through the one or more
tension members 26 of a support structure 16 and monitor for any changes in the
electrical signal that may be indicative of an increase in resistance or weaf. In the
particular embodiment of FIG. 3, for example, the resistance circuit 32 may be configured

to supply a direct current (DC) voltage across the support structure 16 and the interface
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circuit 34 may be configured to continuously monitor for changes in the electric current l
flowing through the support structure 16. Alternatively, the circuit 34 could
intermittently monitor for changes in the electric current flowing through the support

structure.

[0022] As shown in FIG. 3, the resistance circuit 32 may be configured to suppiy a
voltage across the sﬁpport structure 16 via a voltage input node 36 and a ground node 38
so as to induce an electrical current therethrough. The resistance circuit 32 may further
provide a first set of resistors 40 as well as a second set of resistors 42 that are electrically
coupled to the support structure 16 and generally arranged in a voltage divider
configuration. For example, the first set of resistors 40 may provide output voltages at
output nodes 44a-f which gradually increase or decrease as the support structure 16 wears
over time, while the second set of resistors 42 may provide a reference.voltage at output
node 44g which remains constant until the next calibration. By comparing the output
voltages provided by the first set of resistors 40 to the reference voltage provided by the
second set of resistors 42, it may be possible to determine an operational condition or

state of the support structure 16.

| [0023]  Still referring to the resistance circuit 32 of FIG. 3, resistors 40a-e may be
disposed in paraliel to the‘ support structure 16 while resistors 40f-g may be disposed in
series to resistors 40a-e and the support structure 16. Resistors 40a-e may be configured
with relatively high resistances so as to minimize its effect on the current flowing through
the support structure 16. Resistors 40f-g may be disposed substantially parallel to resistor
40h, and further, configured to match the resistance thereof. Accordingly, the second set
of resistors 42 may be configured to substantially match the effective resistance of the

support structure 16, for example, during an initial calibration of the monitoring system

27
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24, s0 as to provide the baseline or reference voltage to which the output voltages at
output nodes 44a-f may be compared. In alternative embodiments, the resistor circuit 32
may provide a reference voltage at output node 44g using a pulse-width modulatiop_
(PWM) device, or any other sﬁitable means for providing a reference voltage that can be

set during calibration.

[0024] As shown in FIG. 4, the second set of resistors 42 may employ a plurality of
adjustable resistors 42a-j having different, for example, successively increasing or
decreasing, resistances that are each enabled by a dual in-line package (DIP) switch. By
enabling or disabling‘each successive switch-enabled resistor 42a-j, an operator or
inspector may be able to closely approximate and substantially match the effective
resistance of the support structure 16 during the initial calibration. In the embodiment
shown, the resistance of each adjacent résistor 42a-j may be successively varied by a
factor of two. Alternatively, the resistance of each adjustable resistor 42a-j may be varied
by a greater or lesser factor so as to provide a lower or higher resolution of detection,
respectively. In other alternatives, the second set of resistors 42 may include a greater or
lesser number of switch-enabled resistors 42 to vary the resolution of detection. In still
further alternatives, the second set of resistors 42 may employ one or more potentiometers
or any other combination of resistors with adjustable resistances. Once correctly
calibrated, the resistance circuit 32 may be configured such that any change in the
effective resistance of the support structure 16, and thus any wéa;r thereof, will result in a
change in the detected voltage across or current through any of the resistors 40a-h, 42.
Optionally, one or more of the switch-enabled resistors 42 may be temporarily or
permanently sealed upon c.aﬁbrgtion so as to prohibit any further change in the resistance

thereafter. In further modifications, the second set of resistors 42 may employ one or
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more temperature-dependent resistors 43, such as resistive thermal devices (RTDs), or the
like, having a resistance that varies with temperature so as to substantially match any
change in the effective resistance of the support structure 16 caused by changes in
temperafure. Additionally or optionally, a temperature-dependent resistor 43 may be

provided in series to the second set of resistors 42, as shown for example in FIG. 3.

[0025] Referring back to the monitoring system 24 of FIG. 3, the interface circuit 34
may be coupled to one or more output nodes 44a-g of the resistance circuit 32 and employ
an analog approach to continuously monitor the effective resistance of the support
structure 16. More specifically, using a series of comparators 46 and light emitting
diodes (LEDs) 48, the interface circuit 34 may be configured to visually provide an
operator or inspector with the corresponding operational state of the support structure 16
based on any detected change in the effective resistance thereof. A change in the
effective resistance of the support structure 16 may be determined, for example, by
comparing the magnitudes of one or more output voltage signals of the resistance circuit
32. Based on the degree of change detected in the effective resistance of the support
structure 16, one or more preconfigured thresholds may be exceeded, and further, cause
one or more LEDs 48 to illuminate and/or change the color thereof according to the table
of FIG. 5. Furthermore, each comparator 46 may be coupled directly to a respective LED
48 so as to immediately illuminate the LED 48 in response to an enabling condition
without the involvement of a microcontroller, microprocessor, or the like. Alternatively,
a plurality of the outputs of the comparators 46 may be coupled to a single LED 48 via a

switched or multiplexed connection.

[0026] According to the configuration provided in FIG. 5, one or more comparators 48

may compare the respective output voltage signals at the output nodes 44a-f of the

9.
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resistance circuit 32 with a reference voltage signal at the output node 44¢ of, for example,
the calibrated second set of resistors 42. As the support structure 16 wears, the effective
resistance thereof may increase, and thus, in the resistor circuit 32 of FIG. 3, cause the
voltages at output nodes 44a-d to decrease. Accordingly, the degree of wear of the
support structure 16 may be determined by measuring the degree by which the voltages at
output nodes 44a-c have decreased. As shown in FIG. 5, for example, if the voltage at
output node 44¢ reaches a minimum threshold and falls below the voltage at output node
44g, the support structure 16 may be in a low-wear state. If the voltage at output node
44a, which is at a higher potential relative to the output node 44c, reaches a minimum
threshold and falls below the voltage at output node 44g, the support structure 16 may be
at a more critical open-circuit or high-wear state. In a similar fashion, the interface circuit
34 may also be preconfigured with thresholds to monitor for one or more of a normal

state, a calibrated state, a shorted state, an end-of-life state, and the like.

[0027]  Still referring to FIG. 5, once a threshold is exceeded, the corresponding
comparator 46 may enable a respective LED 48 to illuminate and indicate to an operator
or inspector of the respective operational state. For example, if the output voltage signal
at the output node 44b falls below the threshold of the output voltage signal at output
node 44g, the corresponding LED 48 may illuminate in red to indicate or warn that the
support structure 16 is in an end-of-life state. The interface circuit 34 may optionall}; or
additionally provide an audible alarm 50, such as a buzzer, ringer, or the like, that is
further enabled by the associated comparator 46 so as to call attention to the monitoring
system 24. Alternativély, the interfacé circuit 34 may further include a micrdcontroller
configured to manage the illumination of one or more LEDs 48 based on the output

signals, transmit alert notifications to a mobile device, display alert notifications at a

-10 -
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monitor of a remote monitoring station, and the like. In still further modifications, the
comparators 46 of FIG. 3 may further be configured to provide one or more control
signals to the controller 22 of the elevator system 10 so as to, for instance, temporarily
cease operation of the elevator system 10-in response to a detected fault or when a
threshold has been exceeded. The control signals may bé transmitted using discrete
signals, serial communication, controller area network (CAN) bus, or any other suitable
communication means. Alternatively, the interface circuit 34 may be conﬁgufed to
control a state of one or more relays of, for example an elevator safety chain, based on
and/or in response to the output signals provided by the comparators 46. In such a way,
the interface circuit 34 may communicate the operational state to, for example a controller

22, of the elevator system 10.

[0028] Turning now to FIG. 6, a flow diagram illustrating an exemplary method for
monitoring a support structure 16 of an elevator system 10 as well as a method for
calibrating a monitoring system 24 is provided. As an initial step, both methods may
provide a resistance circuit 32 having a first set of resistors 40 and a second set of
resistors 42 coupled to the support structure 16. In an optional step, an interface circuit
34 having a plurality of comparators 46 for comparing the voltages across the respective
resistors 40, 44 may also be provided. An additional step may determine if calibration is
needed, for example, if the support structure 16 is newly installed, if the support structure
16 has been recently replaced, or the like. If calibration is needed, one or more Voltaggs
across the first set of resistors 40 may be compared with a voltage across the second set of
resistors 42 so as to determine the degree by which the electrical lqad or effective
resistance of the support structure 16 matches the resistance of the second set of resistors

42. With respect to the arrangement of FIG. 5, for example, each of the output voltage

-11-
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signals at output nodes 44e-d may be compared with the reference voltage signal at output
node 44g. If the reference voltage signal at output node 44g is greater than the output
voltage signal at output node 44d or less than the output voltage signal at output node 44e,
one or more LEDs 48 may be illuminated to indicate that adjustment of the second set of
resistors 42 is needed. For example, if the voltage at output node 44g is greater than the
voltage at output node 444, a first LED 48 corresponding to the third threshold in FIG. 5
may illuminate in green while a second LED 48 corresponding to the fourth threshold in
FIG. 5 may be completely off or illuminated in a different color. Alternatively, if the
voltage at output node 44g is less than the voltage at output node 44e, the first LED 48
may be completely off or illuminated in a different color while the second LE]j 48 is
illuminated in green. If the resistance of the second set of resistors 42 sufficiently
matches the effective resistance of the support structure 16, and if the voltage at output
node 44g is measured to be between the upper and lower limits of the voltages at output
nodes 44d-e, respectively, both first and second LEDs 48 may be illuminated in green so
as to indicate a successful calibration. In such a way, the resistance of the second set of
resistors 42 may enable incremental adjustments of the second set of resistors 42 until
both first and second LEDs 48 illuminate in green and indicate that the effective

resistance of the support structure 16 is matched.

[0029] Once calibration is complete, or if calibration is not needed, the method for
monitoring a support structure in FIG. 6 may also include a step of comparing one or
more voltages across the first set of resistors 40 with a voltage across the second set of
resistors 42. This is 50 as to determine the degree by which the effective resistance of the
support structure 16 has diverged from the resistance initially ma£ched by the second set

of resistors 42 during calibration. Referring to the arrangement of FIG. 5, for example,

-12 -
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each of the output voltage signals at output nodes 44a-f may be compared with the
reference voltage signal at output node 44g. If any of the voltages at output nodes 44a-f
rises above or falls below the reference voltage signal according to the respective
thresholds as provided in FIG. 5, one or more LEDs 48 may be illuminated to indicate the
operational sfate of the support structure 16 corresponding to the exceeded thresholds.
For example, if the voltage at output node 44f is greater than the voltage at output node
44g, one or more LEDs 48 correspondilzl;c;r to the first threshold of FIG. 5 may be
illuminated in red to indicate a shorted state, or when one or more tension members 26 of
the support structure 16 are improperly in contact with one another. Accordingly, the
immediate wear condition or operational state of the support structure 16 may be

determined based on the continuous feedback provided by the illuminated LEDs 48.

[0030] Based on the foregoing, it can be seen that the present disclosure may provide a
system and method for monitoring support structures of an elevator system with minimal
complexity and more cost-effective implementations. The present disclosure may also
provide continuous monitoring of support structures and enable immediate responses to
detected fault conditions. Furthermore, the present disclosure provides a system and

method which allows for easier and more accurate calibrations thereof,

[0031] While only certain embodiments have been set forth, alternatives and
modifications will be apparent from the above description to those skilled in the art.
These and other alternatives are considered equivalents and within the spirit and scope of

this disclosure.

-13 -
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WHAT IS CLAIMED IS:
1. A monitoring system (24) for a support structure (16), comprising:

a resistance circuit (32) coupled to the support structure (16), the resistance circuit
(32) having a first set of resistors (40, 40a-h) and a second set of resistors (42, 42a-j), the
second set of resistors (40, 40a-h, 42, 42a-j) being configured to provide a reference

voltage; and

an interface circuit (34) coupled to the resistance circuit (32) and having one or
more comparators (46), each comparator (46) being configured to compare a voltage
across at least one of the resistors (40, 40a-h, 42, 42a-j) with the reference voltage and
generate an output signal corresponding to the comparison, the interface circuit (34) being
configured to monitor an effective resistance of the support structure (16) based on the

output signals.

2. The monitoring system (24) of claim 1, wherein the interface circuit (34) is
configured to continuously or intermittently monitor the effective resistance of the

support structure (16) based on the output signals.

3. The monitoring system (24) of claim 1, wherein at least one of the second
set of resistors (42, 42a-j) is adjustable so as to as approximate the effective resistance of

the support structure (16) during calibration.

4, The monitoring system (24) of cléim 1, wherein a plurality of the second
set of resistors (42, 42a-j) is adjustable and configured in series such that the maximum

resistance of each resistor (42, 42a-j) is successively decreased.

-14 -
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5. The monitoring system (24) of claim 1, wherein the resistance of each of
the second set of resistors (42, 42a-j) is different and enabled via a dual in-line package

(DIP) switch.

6. The monitoring system (24) of claim 5, wherein the DIP switches may be -

sealed upon calibration.

7. The monitoring system (24) of claim 1, wherein the interface circuit (34) is

configured to control a relay based on the output signals.

8. The monitoring system (24) of claim 1, wherein the first set of resistors
(40, 40a-h) is connected in series with respect to one another but in parallel with respect

to the support structure (16).

9. The monitoring system (24) of claim 1, wherein the resistance circuit (32)
further includes at least one temperature-dependent resistor (43) having a variable

resistance that is dependent on temperature.

10.  The monitoring system (24) of claim 1, wherein the interface circuit (34)
includes one or more light emitting diodes (LEDs) (48) configured to receive the output
signals and indicate one or more operational states of the support structure (16) based on

the output signals.

11.  The monitoring system (24) of claim 10, wherein each operational state is
indicative of the support structure (16) being in at least one of a shorted state, a normal

state, a low-wear state, a high-wear state, an end-of-life staté, and an open-circuit state.

-15-
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12. A method for calibrating a resistance-based monitoring system (24) for a

support structure (16), comprising the steps of:

providing a resistance circuit (32) coupled to the support structure (16), the
resistance circuit (32) having a first set of resistors (40, 40a-h) and a second set of

resistors (42, 42a-j) dispdsed at least partially in parallel to the support structure (16);
generating a reference voltage across the second set of resistors (42, 42a-j);

comparing a voltage across at least one of the first set of resistors (40, 40a-h) with

the reference voltage; and

adjusting the reference voltage until an effective resistance of the support structure

(16) is substantially matched by the resistance circuit (32).
13.  The method of claim 12 further comprising the steps of:

providing one or more comparators (46) coupled to the resistance circuit (32),
each comparator (46) being configured to compare a voltage across at least one of the
first set of resistors (40, 40a-h) with the reference voltage and generate an output signal

corresponding to the comparison; and

adjusting the resistance of the second set of resistors (42, 42a-j) until the output
signals indicate that the effective resistance of the support structure (16) is substantially

matched by the resistance circuit (32).
14, The method of claim 13 further comprising the steps of:

providing one or more light emitting diodes (LEDs) (48) coupled to the
comparators (46), each LED (48) being configured to receive the output signals and

illuminate based on the comparisons; and
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adjusting the resistance of the second set of resistors (42, 42a-j) until an
illumination of the LEDs (48) indicates that the effective resistance of the support

structure (16) is substantially matched by the resistance circuit (32).

15, The method of claim 12, wherein each of the second se_t of resistors (42,
42a-j) is connected in series and configured with a different maximum resistance being
enabled via a dual in-line package (DIP) switch, each DIP switch being successively
enabled or disabled until the effective resistance of the support structure (16) is

substantially matched.

16.  The method of claim 15 further comprising a step of sealing the second set
of resistors (42, 42a-j) once the effective resistance of the support structure (16) is

substantially matched.
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17. A method for monitoring a support structure (16), comprising the steps of:

providing a resistance circuit (32) coupled to the support structure (16), the
resistance circuit (32) having a first set of resistors (40, 40a-h) and a second set of

resistors (42, 42a-j) disposed at least partially in parallel to the support structure (16),

generating a reference voltage across the second set of resistors (42, 42a-)), the

reference voltage corresponding to an initial effective resistance of the support structure
(16);
comparing a voltage across at least one of the first set of resistors (40, 40a-h) with

the reference voltage; and

determining at least one operational state of the support structure (16) based on

the comparisons.
18.  The method of claim 17 further comprising the steps of:

providing one or more comparators (46) coupled to the resistance circuit (32),
each comparator (46) being configured to compare a voltage across at least one of the
first set of resistors (40, 40a-h) with the reference voltage and geﬁerate an output signal

corresponding to the comparison;

providing one or more light emitting diodes (LEDs) (48) coupled to the
comparators (46), each LED (48) being configured to receive the output signals and

illuminate based on the comparisons; and

determining at least one operational state of the support structure (16) based on an

illumination of the LEDs (48).
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19.  The method of claim 17, wherein the resistance of each of the second set

of resistors (40, 42a-j) is adjustable and enabled via a dual in-line package (DIP) switch

20.  The method of claim 17, wherein each operational state is indicative of the
support structure (16) being in at least one of a shorted state, a normal state, a low-wear

state, a high-wear state, an end-of-life state, and an open-circuit state.

-19-



PCT/US2010/047445

WO 2012/030332

1/5

\

Y
/7 m@

=7 /]
£

/

o,m\@@w /

V4 /
\\\m\ /
/ )




PCT/US2010/047445

WO 2012/030332
2/5
§:‘---\_~_'M________....-------..W...~
(\ N
FTIFSY Y . =
}?ﬁ‘ g §§é »ﬁgz‘zﬁ QOQOOQOOQRLO Q\ f/'g 8
T
O A O T TIN_30
W\\
“\\ )
74 r <
b b o
tf 1 J{; 15
¥ ‘\ - / \\%\ \)
T ) ~
} 4 &s Agg \2’8 = ) "
™ 28 g
1/ \\ i
AT N
NN / e /:,
\\\ / N—’EF/
sEnEnEnEnEn T30




WO 2012/030332 PCT/US2010/047445
3/5

-
/‘//
24
O
[} A
48+ Y
‘\\‘\_‘_J/’\.J
N “/{}““"‘
(p~-
(
- 50
~d
/



WO 2012/030332

4/5

FlG. 4

PCT/US2010/047445

428 42¢
] 42h ‘ 428 42
VI A N SO I
1512n 2560 |128n] | 84n| | 32n] 160 | 8&n |
APV \/\/\/WN\N\;« AP R VI T; Vv
A I | R s L e |
Qutput Node [Operational State Thresholds interface Quiput
44g [Reference] [~~] fol
A4f Shorted Stale V{44 > V{ddg) Alarm / Red LED
44 MNormal State Vidde) < V{d4g) Green LED
44d Normal State Vi{ddd)y > V{d4g) Green LED
44e Low-wear State V{dde) < V{44g) Yeltow LED
44b End-of-fife Stale | V{d4b) <V{4dg) [Alarm / Red LED
. Open-circuit or . "
44n High-wear State Vid4a) <V(ddg) | Alarm/ Red LED




WO 2012/030332 PCT/US2010/047445
5/5

FIG. 6

i

| Provide resistance circuit
having first and second
sets of resistors

|
|
BS

e ..
‘,/ '\\

L S
Yas 7 Calibration ™ No

.
S \\ neid&d
\\\ .

y ¥
Compare vollages across Compare voltagss agross
first and second sets of first and second sets of
resisiors resistors
P [Huminate LEDs | [Muminate LEDs |
;. based on comparisons] | . based on comparisons| |
Adjust resistance until Determing operational
LEDs indicate matched state of support shructure
rasisiance based on LED fHlumination

L Communicate stale
: to controlier



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2010/047445

A. CLASSIFICATION OF SUBJECT MATTER

B66B 5/12(2006.01)i, B66B 5/00(2006.01)i

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

Minimum documentation searched (classification system followed by classification symbols)
B66B 5/12; B66B 1/34; B66B 5/14; GOIN 27/82; B66B 5/02

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

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: elevator, belt, monitor

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

A KR 10-0846944 B1 (STUCKY PAUL A., VERONESI WILLIAM A.) 1-20
17 July 2008
See paragraph [0014] — paragraph [0028]

A JP 11-079589 A (MITSUBISHI DENKI BILL TECHNO SERVICE KK) 23 March 1999 1-20
See paragraph [0020] - paragraph [0025]; figure 2

A US 2008-0202863 Al (ROSSIGNOL ERIC et al.) 28 August 2008 1-20
See abstract; figure 6

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

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

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

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

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

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

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

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
30 MAY 2011 (30.05.2011) 30 MAY 2011 (30.05.2011)
Name and mailing address of the ISA/KR Authorized officer
' Korean Intellectual Property Office
Government Complex-Daejeon, 189 Cheongsa-ro, OH, Jae Youn
. Seo-gu, Daejeon 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-5678

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



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2010/047445

Patent document Publication Patent family Publication

cited in search report date member(s) date

KR 10-0846944 B1 17.07.2008 EP 1730066 A1 13.12.2006
EP 1730066 B1 20.10.2010
JP 04-597190 B2 01.10.2010
JP 2007-529390 A 25.10.2007
US 2007-0180925 A1 09.08. 2007
US 7409870 B2 12.08.2008
WO 2005-095252 A1 13.10.2005

JP 11-079589 A 23.03. 1999 None

US 2008-0202863 A1 28.08.2008 EP 1847501 A2 24.10.2007
US 7686140 B2 30.03.2010

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




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

