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(57) Abrege(suite)/Abstract(continued):
and second computers at different geographic locations acquire the data via an Internet (28) Thus, data relating to the operating
conditions of the conveyor belt (34) can be remotely consolidated and monitored by computers at different global locations.
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(87) Abstract: A remote conveyor belt
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conveyor belt (34) conditions and operating
characteristics First and second computers at
different geographic locations acquire the data
via an internet (28) Thus, data relating to the
operating conditions of the conveyor belt (34)
can be remotely consolidated and monitored
by computers at different global locations.



CA 02670794 2009-05-26

WO 2008/070678 A3 IHIHHIA!H /AR AD AAR 1  ATRINO AT ARR R A

PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, — before the expiration of the time limit for amending the
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). claims and to be republished in the event of receipt of
amendments
Published: (88) Date of publication of the international search report:

—  with international search report 14 August 2008



CA 02670794 2009-05-26
WO 2008/070678 PCT/US2007/086402

1-

REMOTE CONVEYOR BELT MONITORING SYSTEM AND M iHOD

Technical Field
[6001] This invention relates generally to conveyor belts and, more particularly, to a monitoring

system that permits an automatic collection of data relating to an operation of a conveyor belt.

Background

[0002] In a multitude of commercial applications, it 18 common to employ a heavy duty
conveyor belt for the purpose of transporting product and material. The conveyor belts so
employed may be relatively long, for example, on the order of miles, and represent a high cost
component of an industrial material handling operation. Such conveyor belts are often used to
transport bulk material below and/or above ground, for example, in mining applications, which
are often located in geographically remote locations. The conveyor belts and respective drives
are susceptible to normal wear and tear as well as damage from the material being transported
and/or harsh environmental conditions. In the event the conveyor beit or its drive system suffers
catastrophic damage or otherwise become inoperable, the costs of repairing the conveyor belt,
cleaning up spilt material and the downtime are substantial.

{0003] Thus, 1t 15 desirable to be able to first, predict a potential conveyor belt failure and
second, stop the conveyor belt operation as soon as possible after a catastrophic failure has
occurred. It 1s known to monitor various conveyor beit operating conditions and states, for
example, belt position, speed, load, tension, rolling resistance, temperature, as well as detect a
failure of a belt splice and the occurrence of a rip in the conveyor belt. Such momitoring of the
conveyor belt operating conditions and states helps to detect conditions that may lead to belt
damage and/or a catastrophic failure. Thus, there 15 currently some capability of quickly
stopping a conveyor belt in the event of a catastrophic fatlure, for example, using rip detection,
and there is some capability of detecting other potential failures. However, there are several
disadvantages to the current systems.

[0004] First, current monitoring and analysis of conveyor belt operating conditions and states is
performed at a site generally in the locality or vicinity of the conveyor belt. Further, current
monitoring is generally analyzed most often by a user of the conveyor belt, however, the user
often has less or more hmited technical knowledge about the conveyor belt and its operation

than, for example, a supplier of the conveyor belt system. Thus, since it 1s very expensive to
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bring a more knowledgeable technical person to the geographic location of the conveyor belt
system, the ability to diagnose potential problems and take preventative measures 1s relatively
limited with respect to any particular instalied conveyor belt system. Further, the collection of
data 15 generally limited to the operation of a singie conveyor belt system; and there is no
effective capability for collecting conveyor belt operating data from conveyor belt systems at
geographically different sites. In addition, with such site-based systems, 1t 1s difficult to obtamn
and timely analyze data permitting an operational life of a conveyor belt to be maximized

[0005] Hence, there 1s a need to expand the capabilities of current systems to permmit a more
comprehensive collection of conveyor belt operating data and permat that data to be analyzed and
accessed by people with different interests at difierent global locations remote from the vicinity

of the conveyor belt system.

Summary

[0006] The present mvention provides a remote conveyor belt monitoring system having
numerous advantages. First, the remote conveyor belt monitoring system may readily allow
authorized persons to monitor conveyor belt conditions and operations from remote locations.
Thus, the most qualified technical persons, regardless of their location, may be called upon to
monitor conveyor belt operations and provide a more efficient diagnosis of existing and potential
problems. Further, the momtoring system may allow others persons who currently have little, a
delayed or no access to operational data to access operational data with minmimal delay. Such
persons may include administrative, management and mamtenance persons of a user who are not
normally located at the site of the conveyor belt system. In addition, with the remote conveyor

- belt monitoring system, offsite sales and technical persons of a supplier of the conveyor belt
system, offsite third party service providers, distributors and other offsite authorized persons
having an interest in the proper operation of the conveyor belt system may have access to
conveyor belt operating data with minimal delay.

[0007] Further, the remote conveyor belt monitoring system of the present invention may permit
conveyor belt operating conditions and states to be automatically monitored and remotely stored
over the useful life of the conveyor belt. Such storage of data over the long term permits more
eftective statistical processing of quality and thus, facilhitates more effective problem diagnosis
and preventative mamtenance. In addition, operating data from conveyor belts at different

geographic locations may be monitored and collectively stored m a common database.
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Differences in operating data from different conveyor belt systems can be analyzed to identify
potential problems or improvements in the conveyor belt design. A greater amount of operating
data from different conveyor belt systems may help to extend or maximize a conveyor belt’s life
by improving statistical sampling for the purposes of Qual.ity analysis, improving preventative
maintenance practices and improving conveyor belt design. The conveyor belt monitoring
system of the present invention may be especially useful to a parties who own, lease, or offer a
maintenance service for a conveyor belt system.

[0008] More specifically, in one embodiment, the invention provides a remote conveyor belt
monitoring system for monstoring an operation of a conveyor belt system at a first geographic
location. The conveyor belt system has a conveyor belt, a conveyor belt control operable to start
and stop the conveyor belf, and a conveyor belt condition sensing system producing first data
representing conveyor belt conditions and operating characteristics. A human-machine interface
(“HMT”) 1s at the first geographic location and 1s operable to acquire and store the first data in a
first database. The HMI also generates and displays further data representing trends relating to
the conveyor belt. A first computer, at a location geographically remote from the first location,
1s operable to acquure and store the first data in a second database. A second computer, at a
location geographically remote from the first location, is operable to acquire and display the first
data and further data representing trends relating to the conveyor belt.

[0009] In turther aspects of the invention, the fust data may be acquired by the HMI over a
network. For example, the first data may be acquired by the first computer over a data
communications systems, for example, an internet, and the first data may also be acquired by the

second computer over the data communications system
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[0009a] In further aspect, there is provided a method of remotely monitoring multiple
conditions of a plurality of conveyor belts using a web-based diagnostic and predictive system
that permits an automatic comprehensive collection and consolidation ot data relating to
conveyor belt health comprising: sensing conditions relating to a first operating conveyor belt
at a first geographic location; generating at the first location first data in response to the
conditions sensed; storing the first data in a first database at the first geographic location;
acquiring the first data with a monitoring computer at a monitoring location geographically
remote from the first geographic location; storing the first data in a monitoring database at the
monitoring location; sensing conditions relating to a second operating conveyor belt at a
second geographic location; generating at the second location second data in response to the
conditions sensed; storing the second data in a second database at the second at the second
geographic location; acquiring the second data with said monitoring computer at said
monitoring location geographically remote from the first and second geographic locations;

and storing the second data in the monitoring database at the monitoring location.

100101 These and other objects and advantages of the present invention will become more

readily apparent during the following detailed description taken in conjunction with the

drawings herein.

Brief Description of the Drawings

[0011] Fig. 1 is a schematic block diagram of an exemplary embodiment of a remote

conveyor belt monitoring system.

[0012] Fig. 2 is a schematic block diagram of an exemplary embodiment ot conveyor belt

system that may be used with the remote conveyor belt monitoring system of Fig. 1.
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[0013] Fig. 3A is schematic diagram of an exemplary embodiment of an above-ground conveyor
belt system that may be used with the remote conveyor belt monitoring system of Fig. 1.

10014] Fig. 3B is schematic diagram of an exemplary embodiment of a belt wear sensor that may
be used with the remote conveyor belt monitoring system of Fig. 1.

(0015] Fig. 4A 1s a top elevation view of an exemplary embodiment of a target magnet sensor
array that may be used with the conveyor belts ot Fig. 1.

10016] Fig. 4B 1s a cross-sectional side view of the exemplary embodiment of a target magnet
sensor array that may be used with the conveyor belts of Fig. 1.

[0017] Fig. 5 is an exemplary schematic end view tllustration of a known conveyor belt.

[0018] Fig. 6 1s an exemplary schematic top view illustration of a small portion ot a splice

between conveyor belts using the target magnet sensor array of Fig. 4A

Definitigns

[0019] “Supervisory control and data acquisttion” {“SCADA”) system means a software system
for gathering, analyzing and storing current operational data.

[6020] “Human-machine mterface” (“HMI”) means a programmable processor-based interface
that is operable with a SCADA system and a web browser. The HMI provides a graphical user
interface that may permit a user to command the operation of a conveyor belt as well as collect,
monitor and display conditions relating to the conveyor belt and its operation.

[0021] “Geographically remote locations” means locations that are in different cities, regions,
states, provinces, countries or continents.

160221 “Data communications system’” means any combmation of wired and/or wireless
communications lmks for sending and receiving data

[0023] "Internet" means a data communications system accessible from geographically remote
locations and made up of any set of interconnected networks of computers.

[(0024] “Personal computer” (“PC”) means any commerciaily available computer or device that
has a processor running any applicable operating system capable of hosting a web browser or
connecting to another data communications system, {or example, a deskfop or laptop computer, a

PDA, a telephonic communications device or other device.
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Detailed Description
[0025] Referring to Fig. 1, an exemplary embodiment of a remote conveyor belt monitoring

system 20 1s operable with at least one conveyor belt system 22 that 1s generally operated by a
known conveyor belt command control 25 at a user site 24. The conveyor belt monitoring
system 20 mcludes a communications system 28, for example, an internet, a monitoring center
60, remotely located programmable computers 32, 56, for example, personal computers (“PCs”),
and other devices necessary to send and recetve data from the user site 24 and the data
communications system 28, Within the conveyor belt system 22, a conveyor belt condition
sensing system made up of sensors 38 and field data controllers 42 15 in electrical
communications with the internet 28. Data relating to conditions and operating characteristics of
the conveyor belt 34 and the conveyor belt drive 36 are transferred via the internet 28 to a
database 1n the monitoring center 60. Further, the PCs 32, 56 have respective web browsers that
permit any authorized person at any global location to use the PCs 32, 56 to access data in the
monitorig center. Such persons may be employees of the user located remotely from the user
site 24, employees of a supplier or manufacture of the conveyor belt system 22, a service
supplier, or any other person authorized by the user.

[0026] The user site 24 1s generally a geographic area or locality that the user chooses to
structure as a single site for monitoring purposes and often has all of the equipment necessary for
independent operation of the conveyor belt systems 22, 40. Often such sites are for handling a
bulk material, for example, coal. There may be other user sites 26, for example, other sites for
nandling a bulk material, that may or may not be geographically remote from the user site 24.
The user sites 24, 26 may be owned by the same or different entities. For purposes of this
description, the other user sites 26 are assumed to be generally similar to the user site 24, and
therefore, only the user site 24 is described in detail. The user site 24 often has other conveyor
beit systems 40 in addition to the conveyor belt system 22. The conveyor belt systems 40 are
generally substantially similar to the conveyor belt system 22; and therefore, only the system 22
will be described in detail. Further, the conveyor belt systems 22, 40, may have additional
contveyor belts 35 and assoctated conveyor belt drives 37 substantially similar to the conveyor
belt 34 and associated drive 36. Further, each of the additional conveyor belts 35 may have a
separate but similar set of sensors 39 and associated field data conditioners 43. Therefore, in the

discussion to follow, any reference to the conveyor belt 34 and conveyor belt drive 36 shall be
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interpreted to also include, as appropriate, the other conveyor belts 35 and agsociated drives 37,
sensors 39 and field data conditioners 43.

(0027] Field data conditioners 42 provide an initial signal conditioning and processing of signals
from the sensors 38. The nature of the processing is unique to a particular sensor signal but 1s
not limited to a state of the particular sensor. The processing may include diagnostics processing
of the sensor and its associated drive and interface as well as diagnostics processing relating to
the conveyor belt operation. The field data conditioners 42 often comprise several printed circuit
boards, wherein each printed circuit board has a number of inputs and outputs and a central
processing unit (“CPU”) that 1s programmed to uniquely process output signals from particular
sensors 38. For example, in one exemplary embodiment, field data conditioner board may
include 8 12-bit surge protected analog inputs, 8 opto-coupled digital inputs, 2 opto-coupled high
speed digital inputs, 8 open-collector digital outputs, 1 quadrature decoder, a network interface
using, for example, a network transmission control protocol/internet protocol (“TCP/IP”) and
mulfiple serial mterfaces. The board further includes a CPU, for example, an RCM3400 CPU
commercially avatlable from Rabbit Semiconductors. The CPU may be programmed to allow a
simultanecus pulling of the field data from the sensors 38 by two different devices using either
multiple seral intertfaces or a TCP/IP. The number of inputs and outputs on a fietd data
conditioning board is fixed, and therefore, a number of field data conditioning boards are used
that ts required to handle the number and type of inputs provided by the sensors 38, the
processing for the sensor outputs and the number and type of outputs desired.

[6028] Outputs from the field data conditioners 42 are also applied to a conveyor belt control 44

that is generally operative to turn the conveyor belt drive 36 on and off. A network switch 46,

for example, an Bthernet switch, also receives data from the field data conditioners 42 in the
form of digital output signals, which permits a routing of that data to a remote site, for example,

a monitoring center computer system 60 via an RTU 54, a fire wall 48, a gateway 50 and the

mternet 28. The Ethernet switch 46 1s an industrial graded managed switch configured to
support interconnection of Ethernet data coming from the field data conditioners 42.

[0029] A browser-based human-machine interface (“HMI™) 66 includes a supervisory control
and data acquisition (“SCADA”) system 52. The HMI 66 1s also connected to the Ethernet
switch 46. In this examiple the SCADA system 32 has a W’INDOWréi{based graphical user

interface, database integration, history trend charts and a MODBUS-RTU communications

protocol that supports either serial communications or a network transmission control



51973-3

CA 02670794 2014-08-26

.

protocol/internet protocol (*“TCP/IP”) to connect the SCADA system 52 with a remote terminal
unit (“RTU") 54 1n a known manner. In the exemplary embodiment, other HMIs 67 that have
respective SCADA systems 53 may be used. In some exemplary embodiments, one HMT and
SCADA system is used for each of the conveyor belt systems 22, 40. In other exemplary
embodiments, an HMI and SCADA system may be used for each of the conveyor belt drives 36,
37

[0030] In the exemplary embodiment of Fig. 1, the conveyor belt monitoring system 20 may be
designed to be global in nature, that 1s, designed to accommodate a user site 24 located in, for
example, South America or Asia and a geographically remote monitoring center computer
system 60 that may or may not be on another continent. In addition, the operation of the various
user sites may be monitored by the PC 32 that may or may not be located at other geographically
remote locations, for example, in North America or Europe. Other PCs 56 may be utilized by
others at the same or different global locations, such as, different parties within the user, a
supplier or manufacture of the conveyor belt system 22, a service supplier, or any other entity
authorized by the user. To achieve reliable operations on a global basts, the gateway 50 utilizes a

™
transceiver commercially available from BGAN that provides satellite based communications

commercially available from U\H\/lrf‘xP{S/i"x:lq\./I Thus, the gateway 50 provides global internet access
at broadband speeds.

10031] Each of the RTUs 54 1s a single board computer running a LINU}}Moperating system.
Each RTU board has a serial port and utilizes an RS 232 interface that allows the RTU board to
communicate with the field data conditioners 42 using the MODBUS-RTU protocol. The
MODBUS-RTU protocol has become a defacto communication standard in the industry and 1s
commercially available as a MODICOIGMPI‘OdLICt from Schneider Electric. Each RTU board
further provides a network interface and appropriate software drivers to send and receive data to
and from a first computer or front end processor (“FEP”) 58 via the internet 28 utilizing a

™
MODSAT communication protocol. Often an RTU computer board will be used for each field

data condition board used. In an alternative embodiment, other wireless connections, for
example, a cell phone connection, may used to transfer data between the FEP 58 and the PC 32.
[0032] The FEP 58 1s part of the monitoring center computer system 60 that 1s often located
geographically remote from the user sites 24, 26 and PCs 32, 56, and thus, the monitoring center

computer systern 60 communicates with the user sites 24, 26 and PCs 32, 56 via the mternet 28

or other wireless connection. The monitoring center computer system 60 has a Jocal
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communications network 62, for example, an intranet, a local area network (“LAN"), or other
appropriate network using wired or wireless devices. The network 62 provides communication
between the front end processor 58, a web server 64, a database server 68, database integration
programs 70 and data tables 72. The FEP 58 uses the webserver 64 to facilitate communications
over the internet 28 with the PCs 32, 56 and gateway 50.
[0033] The FEP 58 also has the MODBUS communications protocol and it accepts transmission
control protocol (“TCP”) ports responding to data polls from the database integration software
70. The TCP port accepting TCP connections 1s designated a logic channel, and many logic
channels can be configured to improve front end processor performance 1f a number of RTUs 54
have to be polled. After a TCP connection is established, the FEP 58 executes a login procedure
downloading operating parameters for the RTUs 54; and thereafter, the FEP 58 communicates
with the RTUs 54 using the MODSAT communication protocol.
(0034] The field data conditioners 42 sample signals from the sensors 38 on a periodic basts.

~ Corresponding digital output signals are subsequently released via MODBUS slave servers at
respective field data conditioners 42 and connected with a local communications network 74, for

example, an intranet, a LAN such as an Ethernet, or other appropriate network using wired or

wireless devices. The local network 74 may be implemented using a cable, optic fiber, wireless
links or other communication fink that is suitable for a particular user site 24. The field data
conditioners 42 also implement a network transmission control protocol/internet protocol

(“TCP/IP”) with respective MODBUS slave servers through at least two TCP ports so that both
the local SCADA system 52 and remote FBP 58 can acquire field data simultaneousiy.

[0035] During system initialization the FEP 58 downloads operating parameters for the RTUs 54
so that only a minimal local configuration is needed. The RTUs 54 use a mechanism ot

unsolicited report of variables and report by exception algorithms to optimize bandwidth and

update data to the SCADA system 52 and FEP 58 with minimum delay. The FEP 58 and RTUs
54 are built over a UNDEMopErating system to provide desired levels of connectively, stability,
reliability and avatlability that are necessary for unassisted continuous operation

[0036] Referring to Fig. 2, sensors 38 associated with one exemplary embodiment of a conveyor
belt system 22 are shown schematically in more detail. A fleet or tracking sensor 80 1s used to
track changes in a transverse position of a conveyot belt 34 on a pulley. For example, as shown
in Fig. 3A, a conveyor belt system 22 may have a drive pulley 82, tail pulley 84, a head pulley 86

and other pulleys 88, 90 for directing motion of the conveyor belt 34. 1f respective axis of
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rotation of the pulleys 82-90 are not substantially parallel, the conveyor belt 34 will tend to move

m a direction transverse to its motion as indicated by the arrows 92, 94. To monitor such

transverse motion, a fleet sénsor 80 may be implemented by one or more sensors that are located
adjacent lateral edges of the conveyor belt 34 near the head pulley 84. Such proximity sensors

are operable with associated field data conditioners to provide digital output signals representing

position(s) and/or changes of position(s) of one or both edges of the conveyor belt 34. Inone

embodiment, the fleet sensor 80 is able to detect belt edge motion of up to six inches. Thus, as

the conveyor belt lateral edges move transversely over an external surface 144 of the tail pulley

84, changes in the respective lateral edge positions may be stored in the SCADA system 52
and/or the database server 68. Further, the current conveyor belt edge positions may be observed
locally using the HMI 66 and/or globally using the PCs 32, 56. Further, error messages or
alarms may be automatically generated if the conveyor belt edge positions reach a threshold
value.

10037} The number of fleet sensors 80 deployed over the various pulleys 82-90 1s variable and
depends upon the application, the tendency of the conveyor belt 34 to move transversely over a
pulley and other factors. In some applications, the fleet sensor 80 may provide output signals
representing different magnitudes of belt movement that result in different levels of action. For
example, upon detecting a first magnitude of transverse belt movement, a sensory perceptible
alarm, for example and audible or visual alarm or error message may be activated at a location
within the user site 24 drawing attention to the transverse belt motion condition. The fleet sensor
80 may be sensitive to further magnitudes of belt movement to provide other alarms ndicating a
more severe condition thereby permitting the user to decide what action 1s appropriate. Upon
detecting a great magnitude of conveyor belt motion, the field data conditioners 42 may produce
an output signal on line 98 commanding the conveyor belt control 44 to stop the conveyor belt
34, The choice of technology for the fleet sensor 80 may be determined on an application-by-
application basis; and the fleet sensor 80 may be implemented using either visual, ultrasonic,
infrared, magnetic, mechanical or other commercially available technologies.

[0038] A rip detection system 100 of Fig. 2 has sensors 102 in Fig. 3A that are effective to detect
a rip in the conveyor belt 34. An exemplary rip detection systemTLOO is commercially available

from the assignee of the present invention as a SENSOR GUARD system. An applicable rip

detection system is also shown and described in U.S. Patent Application Seral No. 11/421,224,
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filed May 31, 2006, entitled Digital Processor Sensor Loop Detector and Method

(0039] An output from the rip detection system 100 may cause the field data conditioners 42 to
provide and output on line 98 causing the conveyor belt control 44 to turn off the conveyor belt
drive 36 and stop the conveyor belt 34. In addition, an output from the rip detection 100 causes

the field data conditioners 42 to make a conveyor belt rip signal available to the SCADA system:
52 and the FEP processor 58 via the network switch 46. The SCADA system 52 1s eflective to

register the position of the conveyor belt 34 at the time that the output from the rip detection
system 100 was detected and provide appropriate alarm and error messages.

10040] As shown in Fig. 2, feedback and reference sensors 108 may be employed in difterent
sensing subsystems. Referring to Fig. 3A, in one example, the feedback and reference sensors
may be one or more optical coders 109, 110 that may be connected to respective rotating pulleys,
for example, drive pulley 82 and tail pulley 84. Outputs of the encoders 109, 110 may represent
position, velocity and or angular direction in a known manner. An output of the encoder 110
may be utilized to determinc a length and/or a hinear velocity of the conveyor belt 34. With the
encoder 110, a current position is determined by counting incremental encoder measurements

from a reference or datum point.

[0041] As shown in Figs. 4A and 4B, a reference point may be established by using an assembly
of target magnets 111. A linear array of ferrite magnetic discs 112 are mounted on a base 113
that, in turn, is mounted transversely in an upper surface of the conveyor belt 34 and protected by
a protective encapsulation 114. The target magnet assembly 111 must be small enough to avoid
conflicts with conveyor belt metal detectors, but large enough for accurate detection. As shown
in Fig. 3A, the target magnets |11 on the moving conveyor belt 34 are detected by a proximity
sensor 116, for example, a magnetic sensor, as the magnets 111 move past the sensor 116. Upon
the magnetic sensor 116 detecting the target magnets 111, a reference or datum signal 1s
provided by field data conditioners 42, which may be used as a starting point for belt length
measurement using the signals from the encoder 110. For purposes of belt length measurement,
generally only one set of target magnets 111 1s utilized over a length of a conveyor belt 34
However, with longer conveyor belts if it is desirable to obtamn a belt length measurement more
often, multiple sets of target magnets 111 may be utilized. It should be noted that in measuring
belt length, the encoder 110 on nondriven tail pulley 84 is used instead of the encoder 109 on

driven pulley 82, so that belt slippage is not a factor. Further, the reference or datum signal used
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for belt length measurement may also be used by the field data conditioners 42 for other
calculations or measurements.

[0042] Referring to Fig. 2, a splice sensor 118 may also use the target magnets 111 shown and
described with respect to Figs. 4A, 4B to monitor a status of a conveyor belt splice. Referring to
Fig. 5, a known conveyor belt 34 often consists of two parts, that 1s the carcass 120 and top and
bottom covers 122, 124 respectively. The carcass 120 is responsible for load tension, and the
covers 122, 124 carry the product being conveyed and protect the carcass 120 from damage. In
high tension conveyor belts, the carcass 120 consists of steel cords 128 placed side by side and
embedded 1 a rubber core 126. A manufactured length of a single conveyor belt roll may be
about 350 meters, and larger conveyor belts may be comprised of multiple conveyor belt rolls.
With such larger conveyor belts, individual conveyor belt rolls 34a, 34b are spliced together, and
Fig. 6 1s a schematic showing of a small portton of a splice. Steel cords ends 128a, 128b, 128¢,
128d are exposed from one end 134 of conveyor belt roll 34a; and steel cords ends 128%a, 129D,
129¢, 129d are exposed from one end 132 of conveyor belt roll 34b. The steel cord ends 128a-
128d and 129a-129d are interlaced and shown, and a rubber compound 1s placed around the
cords and cured n a known manner. Over the length of the splice, the rubber compound handies
100% of the tension load, whereas in the remainder of the length of the conveyor belt rolls 34a,
34b, the tension load 1s handled by the steel cords 128, 129. Ifthere 1s a failure of conveyor belt
splice, the fatlure 1s catastrophic and results in substantial costs in material clean up as well as
conveyor down time.

{0043] To detect a splice beginning to separate, a splice sensor 130 (Fig. 2) may be implemented
by mounting farget magnet arrays 111a, 111b at positions associated with the respective ends
134, 132 of the conveyor belt rolls 34a, 34b, respectively. In practice, the target magnet arrays
111a, 111b may be separated along the splice by a distance in a range of about 10 - 40 feet.
Assuming the conveyer belt 1s moving from left to right as viewed in Fig. 6, the magnetic sensor
116 (Fig. 3A) or a similar sensor may be used to first detect the target magnet array 111a; and the
field data conditioners 42 then begin counting high resolution pulses from the encoder 110
mounted on the nondriven tail pulley 84. Upon the magnetic sensor 116 sensing the second
target magnet array 111b, the accumulated count of encoder pulses represents the distance
between the target magnet arrays 111a, 111b. During subsequent loops of the target magnet
arrays 111a, 111b past the magnetic sensor 116, the field data conditioners 42 that are able to

detect small changes in subsequent accumulated counts that represent an elongation of the splice.
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An elongation of the splice is a precursor to a splice failure. The field data conditioners 42 thus
provide data representing a status of the belt slice available to the SCADA gystem 52 and/or FEP
58, which, in turn, may generate appropriate error messages and alarms as a change in a distance
between the roll ends 122, 134 15 detected. The field data conditioners 42 may also provide an
output on line 98 causing the conveyor belt 34 to stop upon detecting a separation of the
conveyor roll ends 132, 134,

[6044] The encoder 109 mounted on the drive pulley 82, and the encoder 110 mounted on the
nondriven pulley 84 may be used to provide an indication of a shippage or shiding of the
conveyor belt 34 with respect to the drive pulley 82. If the conveyor belt 34 is slippmg with
respect to the drive pulley 82, the limear velocity of the conveyor belt 34 will be less than the
circumferential linear velocity of the drive pulley 82. Further, the conveyor belt 34 will be
driving the nondriven pulley 84 at the lesser angular velocity. Therefore, by comparing the
angular velocities measured by the encoders 109, 110, the field data conditioners 42 can provide
a digital output signal representing a difference between those two angular velocities, which
difference 15 mdicative of slippage of the conveyor belt 34 with respect to the drive pulley 82.
The SCADA system 52 and the field data conditioners 42 are able to generate messages and/or
alarms with respect to conveyor belt slippage. |

10045] Referning to Fig. 2, a belt wear system 140 may be used to periodically sampie belt
thickness, which may be used for analysis to guide operational and maintenance services. As
shown m Fig. 3A, a belt wear sensor 142, for example, a high precision laser measurement
transmutter, may be used to measure a change in beit thickness over time. In one embodiment
shown 1n Fig. 3B, the laser measurement transmitter 142 1s mounted inside a housing 184 that, in
turn, 1s mounted on a sliding nut 186 carried by a ball screw 188. The screw 188 1s rotatably
mounted m vertical p'osts 189 that are supported by the takeup carrtage 172, which, mn turn,
rotatably supports the tail pulley 84. An actuator 190, for example, a steppimg motor, rotates the
screw 188 to move the housing 184 and laser measurement transmufter 142 transversely across a
width of the conveyor belt 34, In response to commands from the SCADA system 52, the field
data conditioners 42 are operable to command the motor 190 to move the laser transmitter 142 to
any desired transverse location across the width of conveyor belt 34, In one exemplary
embodiment, the housing for the laser measurement transmitter 142 has a movable gate 192 and

a blower or fan 194. Belfore a thickness reading cycle 1s started, the gate 192 1s opened and the

blower 194 is turned on to create a positive pressure within the housing 184, thereby protecting
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the laser measurement transmitter 142 by preventing any dirt, dust, moisture or other
contaminants from eﬁterihg the housing. The operation of the laser measurement transcucer 142
and associated steppmg motor 190 is commanded by one of the field data conditioners 42
associated with the laser measurement transmitter 142,

[0046] In a calibration cycle, the laser measurement transmitter 142 is first located at a home
position, for example, beyond a lateral edge 196 of the conveyor belt 34 and near one end of the
tail pulley 84. The laser measurement transnmutter 142 is then operated to measure a distance to
an cuter circumference 144 of the tail pulley 84, This distance measurement 1s identified as a
roller reference and may be subsequently used to determine a thickness of the cenveyor belt 34,

In a subsequent measurement cycle, the laser measurement transnmtter 142 1s positioned at a

desired location along the width of the conveyor belt 34; and current distance measurements are
made with respect to a surface 200 of the moving conveyor belt 34, Samples of current distance
measurements are contimnuously taken over a selected length of the conveyor belt 34, tor
example, 10 feet, 25 feet, 100 feet or other desired length. Multiple current distance
measurements are made 1n a manner that is consistent with known statistical processing sampling
techniques. The laser measurement transmitter 142 is then moved to other approximately
equally spaced locations across the conveyor belt width and the sampling process 1s repeated. It
should be noted that during the above sampling process, the conveyor belt 34 is shifting
transversely on the pulley 84, Therefore, prior to each time the laser measurement transmitter
142 15 commanded to a new position, the cutput from the fleet sensor 80 18 used to compensate
for the transverse motion of the conveyor belt 34

[0047] A convevyor belt thickness 1s determined by the field data conditioners 42 subtracting a
distance measurement from the roller reference distance. The field data conditioners 42 may
also be used to determine maximum and minimum conveyor belt thicknesses across the width of
convevor belt 34. It should be noted that in some applications, a start of a spiice separation, as
described with respect to Fig. 6, may also result in a reduction of belt thickness; and the laser
measurement transmitter 142 may be used to detect or to confirm an elongation of a splice.
While a laser measurement transmitter 142 1s shown as one embodiment to implement the belt

wear system 140, in other embodiments, other devices, for example, ultrasonic, optical, magnetic

or infrared devices, that can provide distance measurements to a desired accuracy and within a

desired response time may be used.
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[6048] As shown in Fig. 2, a temperature sensor 148 may be used to provide, via the field data
conditioners 42, an early warning of thermal hot spots on the conveyor beit 34, In a worst case
scenario, the field data conditioners 42 may use a femperature set point that is calibrated to
represent combustion or a fire on the conveyor belt 34. Upon sensing a temperature of that
magnitude, the field data conditioners 42 may provide an output sighal on line 98 causmg the
conveyor belt controf 44 to stop the conveyor belt 34, In one exemplary embodiment, the
temperature sensor 148 may be an infrared spot temperature transmitter 150 shown in Fig. 3A
The transmitter 150 may be mounted in a rugged housing that is provided with a gate and blower
and is operable in a manner similar to that described with respect to the iaser measurement
transmitter 142,

[0049] Further, temperature sensors may be mounted at different locations depending on the
application. For example, in one exemplary embodiment, the temperature sensor 150 may be
mounted at locations where a higher temperature may be reasonably expected due 1o a fatled
operation. For example, a temperature sensor 150 may be mounted adjacent conveyor belt 134
where it extends over the drive pulley 82. In the event of conveyor belt slippage with respect to
drive pulley 82, the temperature of the conveyor belt 34 will increase, which will be detected by
the temperature sensor 150 and processed by the field data conditioners 42. In another

exemplary embodiment, a temperature measurement scanning system 150a using an infrared line

scanner is able to rapidly scan a width of the conveyor belt 34 to detect spot objects and other
problems. Such a temperature measurement scanning system 18 especially applicable wheun the
conveyor belt 34 is carrying a combustible material, and such a scanning system 150a 18
commercially available as a conveyor fire detector from Land Instruments International. In
further applications, an output from a temperature sensor 148 representing an excessive
temperature may be detected by the SCADA system 52 that, in turn, is effective to automatically
command a discharge of a fire suppressant under the temperature sensor. The temperature
sensor 148 may be any type of sensor that s effective to detect thermal events and provide a
timely signal 1n response to those events.

[0050] Referring to Fig. 2, a belt volume scanner 156 may be used to estimate a weight of

material on the conveyor. One implementation of the belt volume scanner 156 1s a distance

measuring device 160 of Fig. 3A, for example, a second laser measurement transmitter similar to
that described with respect to the laser measurement transmitter 142 of Fig. 3B, Again, as

previously described, the second laser measurement transmitter may be mounted to scan back
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and forth across a width of the conveyor belt 34 1n a manner similar to that described with
respect to the laser measurement transmitter 142. The device 160 is mounted to measure
distance 1n a vertical direction substantially perpendicular to the belt travel designated in arrow
192. In a calibration cycle, the distance measurmg device scans a width of an empty conveyor
belt 34 that provides a datum reference for an empty conveyor. Thereafter, the device 160 1s
used to scan across a width of a load be carried by the conveyor belt 34. The field data
conditioners 42 are able to determine the height and width of a load on the conveyor beit 34,
The field data conditioners 42 also detect a velocity of the conveyor belt from an output of the
encoder 110 and thus, are abie to determune an incremental length of the conveyor belt 34 that
passes the scanner 160 over a period of time. With that data, the field data conditioners 42 are
able to determine a volume of material on the conveyor belt over the incremental length. A
density value of the material on the conveyor belt 34 may be manually entered and stored in the
SCADA system 52. Given the density, the field data conditioners 42 and/or the SCADA system
52 may determine the weight of material over a length of the conveyor belt 34,

{0051] As shown in Fig. 2, a further sensor may be a belt scan sensor 162 that 1s utilized to
determne a quality of the conveyor belt. For example, if the conveyor belt 34 is a fabric
material belt, the belt scan sensor 162 may be an X-ray scanner. In another embodiment, if the
conveyor belt 34 has a steel core construction, the belt scan sensor 162 may be a magnetic
scanner that detects damaged steel cores. Such scanners may measure, for example,
magnetostatic differential reluctance, magnetic flux leakage at damaged or other magnetic
property, and are commericially available from Conveyor Belt Technology, Corp. In either
embodiment, in a calibration cycle, the belt scan sensor 162 1s first used to scan the belt to obtain
baseline data. Alternatively, baseline data obtained by scanning a new belt may be entered into
the SCADA system 52, or in a further alternative, a table of baseline values may be entered mto
the SCADA system 52 that represents different qualitative conditions of a conveyor belt.

Thereafter, the conveyor belt being used is scanned with the belt scan sensor 162 to provide

current scan data that 1s compared to the baseline data either by the field data conditioners 42 or

the SCADA system 52. The results of the comparison are then used by the field data
conditioners 42 or SCADA system 52 to determine a quality level of the conveyor belt being
currently used; and appropriate messages and/or alarms are then generated.

[0052] A further one of the sensors 38 that may be used to observe the conveyor belt 34 and is a

camera 164 that may be an analog or digital video camera. An associated video capture unit 166
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may be used to provide images to the network switch 46. Thus, a person using a PC 32, 56 at a
remote geographic location can view conveyor belt operation using the camera 164. This is
accomplished using an input/output interface of a PC 32, 56 to initiate commands to the FEP 58
to poll data via an RTU 54 from one of the field data conditioners 42 processing data from the
camera 164, Digital images of the conveyor belt operation are transferred via the RTU 54 over
the internet 28 to the FEP 58 and then, from the FEP 58 over the internet 28 to the PC 32, 56 be
used.

[0053] Another of the sensors 38 may be a motor energy monitor 168 that is often used to
monitor changes in rolling resistance of the conveyor belt. With such a measurement, it is
desirable to monitor the energy produced by the motor that is used to move the conveyor belt.
To obtam such an energy measurement, it 1s known to apply strain gages to both sides of a rigid
coupling connecting a motor gear box to a drive pulley, which allows only the true torsion forces
to be measured.

[0054] A belt tension sensor 170 is another of the sensors 38 that may be used. Referring to Fig.
3A, the tail pulley 84 1s rotatably mounted on the takeup carriage 172 that, i turn, rides on
tracks 174. A weight 176 1s suspended at an end of a cable 178 that has an opposite end
connected to the takeup carriage 172. The weight 176 has a value representing a desired belt
tenston and thus, applies a force on the tail pulley 84 substantially equal to the desired belt
tension. Further, as a length of the conveyor belt 24 changes, for example, becomes longer, the
constant belt tension force of the weight 176 causes the carriage 172 to move slightly to the lefi
as viewed m Fig. 3A, thereby taking up any conveyor belt slack. A sensor 180 is positioned with
respect to the takeup carriage 174 and is operabie to detect any changes of the takeup carriage
position along the tracks 174,

10055] In operation, referring to Fig. 1, operation of the conveyor belts 34, 35 in conveyor belt
system 22 as well as conveyor belts in conveyor belt system 40 are generally controlled by the
conveyor belt command control 25. The sensors 38, 39 are operative to monitor various
conveyor belt states and conditions as described above. In some applications, all of the sensors
38 shown and described with respect to Fig. 2 may be duplicated for each of the conveyor belts
34, 35, whereas, 1n other applications, only selected ones of the sensors 38 may be used with
each of the conveyor belts 34, 35. During conveyor belt operation, output signals from the
sensors 38 are automatically sampled and stored by the field data conditioners 42, 43. The inpuis

of the field data conditioners 42, 43 have appropriate input signal conditioners and, in the case of
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analog mnputs, respective analog-to-digital converters to provide desired digital signals. The field
data conditioners 42, 43 further provide a processing of the digital signals to provide a deswred
output as described above. Such processing may require a quadrature decoder conditioner to
process outputs from the encoder 110, and the field data conditioners 42, 43 have output signal

conditioners to facilitate a connection to a local network 74.

0056} Outputs from the field data conditioners 42, 43 are either critical or noncritical. Critical
outputs are those requiring an immediate shutdown of the conveyor belt to mmimize any
potential damage. As shown in the exemplary embodiment of Fig. 2, critical cutputs include, but
are not iimited to, outputs representing a detected 11p 1n a conveyor belt, a detected temperature
that exceeds a threshold value indicative of a fire, a detected splice elongation that exceeds a
threshold value, a detected transverse conveyor belt position that 1s in excess of a threshold
value, and other outputs indicating damage to the conveyor belt 34 is occurring or immediately
mminent. Such critical outputs result in a signal on a data field conditioner output line 98 and
are effective to command a the conveyor belt control 44 to terminate operation of the conveyor
belt drives 36, 37 and stop the respective conveyor belts 34, 35, Thus, upon the occurrence of a
critical output, the operation of the conveyor belts 34, 35 1s automatically terminated by local
action independent of the HMIs 66, 67, FEP 38 orthe PCs 32, 56. Noncritical cutputs from the
field data processors 42, 43 do not result 1n an immediate change in conveyor belt operation and
are avatlable to the SCADA system 52 and FEP 58 for subsequent analysis.

(0057] The FEP 58, the HMIs 66, 67 and the field data conditioners 42, 43 are mmdependently
operating processing units; and each can function automatically and independently m the event
of a fatlure of the other units. The SCADA systems 52, 53 in the respective HMIs 66, 67 may
automatically poll data via the network switch 46 from the field data conditioners 42, 43; and the
SCADA systems 52, 53 automatically maintain respective local database 202, 204 of field data
conditioner output data associated with local conveyor belt systems 22, 40. In addition, the
SCADA systems 52, 53 may also automatically determine and maintain statistical values and
historical trends for purposes of quality control, for example, average values of the data over
pertods of a working shift and/or a day, week, month or other destred period. Thus, with such
data, persons at the user site 24 are able to optimize the operation of the conveyor belt systems
22, 40.

[0058] The FEP 38 functions independently of the HMIs 66, 67. The FEP 38 may automatically,

or in response to commands from the PCs 32, 56, collect data from field data conditioners 42, 43
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through respective RTUs 54 at all of the user sites 24, 26, and the FEP 58 automatically

maintains data tables 72 representing relatively current states of operating conditions of the

convevor belt system 22. The database mtegrator 70 automatically gathers data from the data
tables 72 for insertion into a database in the database server 68. Thus, the database server 68
consohdates all of the hastorical data for all of the conveyor belt systems 22, 40 at all of the user
sites 24, 26 that may be in geographically remote locations, for example, on different contments.
The FEP 58 may also automatically, or in response to specific commands from the P(Cs 32, 56,
pull data from the SCADA systems 32, 53 in the respective HMIs 66, 67 through the RTU’s 54.
The RTUs 54 handle only current data and do not have any storage capability, and the RTUs 54
utilize exception processing so that only changed data 15 routed through the RTUSs 34

[0059] Persons associated with the PCs 32, 56 may be located anywhere in the worid where
there 1s access to the internet 28 and may access any of the data being maintained in the database
server 68, the SCADA system 52 or in the data field conditioners 42, 43. For example, the PCs
32, 56 may be used to automatically, or in response to user inputs, initiate commands over the
mternet 28 to the FEP 58 to obtam data from the database server 68, or poll data via the RTUs 54
from the field data conditioners 42 or the SCADA systems 52, 53. Such data 1s then transferred
from the FEP 58 to the PCs 32, 56 over the internet 28, Persons using the PCs 32, 56 may be
administrative, management and mamtenance persons of a user who are not normally located at,
or are temporarily absent from, the user sites 24, 26. In addition, with the remote conveyor belt
monitoring system 20, offsite sales and technical persons of a supplier or vendor of the conveyor
belt systems 22, 40, offsite third party service providers, distributors and other offsite authorized
persons may have access to historical and current conveyor belt operating data via one of the PCs
32, 56.

[8060] Further, such fosfite persons may be able to utilize more comprehensive statistical
processing and data analysis techniques than is currently available. For example, with the
remote conveyor belt monitoring system 20, a vendor of the conveyor belt systems 22, 40 15 abie
to collect and store data relating to conveyor belt conditions and operations from a large number
of conveyor belt systems installed at remote user sites 24, 26 around the world. Thus, for each of
the conveyor belts being monitored, current and historical data can be automatically tracked to
determine trends associated with, for example, cable and/or cord defects, spiice elongation, beit
cross-sectional profiles, belt temperature profiles, belt wear or thickness profiles, belt operating

time, belt tonnage carried and other desired conveyor belt conditions. The conveyor belt
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monitoring system 20 provides a web-based diagnostic and predictive system that permits an
automatic comprehensive collection and consohdation of data relating to conveyor belt health.

Using the trends and profiles, preventative mamtenance or belt behavior predictions may then be
made. Further, with an availability of more data from the monitoring system 20, a vendor of the
conveyor belt systems 22, 40 1s able to perform a more comprehensive analysis of conveyor belt
performance. A more comprehensive analysis of more current and historical data may also lead
to improved designs of the conveyor belt 34 and conveyor belt system 22 that may, i turn, may
help to extend or maximize an operational life of the conveyor belt 34,

[0061] Thus, the remote conveyor belt monitoring system 20 may be used tc enable and support
a conveyor belt system service provider that takes responsibility for maintaining the conveyor
belt systems 22, 25. With a capability of being able to remotely access data relating to current
and historical conveyor belt conditions and operations, such a service provider may be able to
more efficiently predict service needs and allocate service resources. Further, with current and
historical belt condition and operating data available from a large number of conveyor belt
installations, such a service provider may be more effectively able to predict conveyor beit
performance, reliability and useful life. The remote conveyor belt monitoring system 20 may be
used to enable and support a conveyor belt system leasing business, which also must be able to
efficiently and effectively take responsibihity for maintaining the conveyor belt systems 22, 25,
10062] The web browser interface available at the PCgs 32, 56 will change depending on the party
authorized to access the data. For example, if the PC 32 is located in an accounting department
of the user, the web browser interface i the PC 32 will be different from an mterface of a PC 56
that is located with a supplier of the conveyor belt systems. The user ultimately determines what
data in the database 69 is available to each of the PCs 32, 56 by changing the web browser
mnterfaces in the respective PCs.

10063] While the present invention has been illustrated by a description of various embodiments
and while these embodiments have been described i considerable detail, it 1s not the tention of
Applicants to restrict or in any way limit the scope of the appended claims to such detasl.
Additional advantages and modifications will readily appear to those skilled in the art. For
example, in the described embodiments, the field data conditioners 42, 43, RTUs 54 and HMls
66, 67 are described as communicating using a network TCP/IP protocol compatible with an
Bthernet. In alternative embodiments, TCE/IP protocols may be used that are compatible with

other networks. Further, m the described embodiments, the internet 28 1s used to wirelessly
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interconnect the monitoring center computer system 60, the PCs 32, 56 and the user sites 24, 26;
however, in alternative embodiments, other appropriate wired or wireless communications
systems may be used.

[0064] In the described embodiments, critical signals from the sensors 38 are operative to turn
off the conveyor belt 34 by the field data conditioners providing a signal on the shutdown line
08. In other embodiments, a shutdown signal may be wired directly from a particular sensor or
system to the conveyor belt control 44 to effect an immediate shutdown of the conveyot belt 34
Further, i the described embodiments, the encoder 110 is attached to the nondriven tail pulley
84, however, in other embodiments, the encoder 110 may be attached to any of the other
nondriven pulleys, for example, pulleys 86, 88 and 90.

[0065] Therefore, the invention in its broadest aspects 1§ not limited to the specific remote
conveyor belt monitoring system details shown and described. Consequently, departures may be

made from the details described herein without departing from the scope of the claims which follow.
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CLAIMS:
1. A method of remotely monitoring multiple conditions of a plurality of

conveyor belts using a web-based diagnostic and predictive system that permits an automatic
comprehensive collection and consolidation of data relating to conveyor belt health

comprising:

sensing conditions relating to a first operating conveyor belt at a first

geographic location;
generating at the first location first data in response to the conditions sensed;
storing the first data in a first database at the first geographic location;

acquiring the first data with a monitoring computer at a monitoring location

oeographically remote from the first geographic location;
storing the first data in a monitoring database at the monitoring location;

sensing conditions relating to a second operating conveyor belt at a second

geographic location;

cenerating at the second location second data in response to the conditions

sensed;

storing the second data 1n a second database at the second at the second

geographic location;

acquiring the second data with said monitoring computer at said monitoring

location geographically remote from the first and second geographic locations; and

storing the second data in the monitoring database at the monitoring location.
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2. The method of claim 1 wherein the method further comprises:

producing the first data with tield data conditioners 1n response to the sensing,

the first data representing conveyor belt conditions and operating characteristics;

acquiring the first data with a human-machine intertace HMI at the first
geographic location and the second geographic location, the HMI operable to poll the field
data conditioners and transter the first data from the field data conditioners to the first
database, and the second data from the field data conditionser to the second database over a

local area network; and

displaying with the HMI the first data and further data representing trends

relating to conveyor belt conditions and operating characteristics.

3. The method of claim 1 wherein acquiring the second computer 1s at a tacility

of one of a vendor or a lessor or a maintenance service provider of the conveyor belt.

4. The method of claim 1 wherein said conditions comprise a combination of any
number of the following: belt speed; belt position; belt load; belt tension; rolling resistance;

belt temperature; belt splice failure; belt rip detection; belt width; and belt transverse motion.

. The method of claim 1 wherein said conditions comprise all of the tollowing:

belt speed; belt position; belt load; belt tension; rolling resistance; belt temperature; belt splice

failure; belt rip detection; belt width; and belt transverse motion.
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