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System for Forecasting Wear and a Wear Sensor

TECHNICAL FIELD

[0001] The present invention generally relates to a system for forecasting wear of a
wear plate and a wear sensor particularly suited for use in that system.

BACKGROUND ART

[0002] In many material handling applications, a wear liner is employed as a cost
effective means of protecting equipment from wear or damage caused by the material
being transported. Consequently, the liner takes up wear in preference to the
equipment, and is replaced from time to time rather than replacing or repairing the
equipment. This is particularly the case with mining transfer systems and chutes which

are used to transfer ore from one location to another.

[0003] Wear liners are used extensively throughout the mining industry to protect those
parts of structures which are exposed to wear. Due to their very nature, the wear liners
are sacrificial and require regular replacement as they wear to a level where they no
longer serve their purpose.

[0004] In many applications, it is necessary to assess the wear experienced by the wear
liner to determine whether and/or when a wear liner requires repair or maintenance as a
result of wear. Assessing wear of a wear liner is difficult and/or time consuming in
mining environments. Conventional measurement tools are often inadequate to perform
the task, either with respect to the precision of measurement, safety of performing the
task, or economic factors associated with downtime of the site to allow wear

measurements to be taken.

[0005] It is important that liner wear is accurately determined to ensure the liner is
replaced before it wears to a point where it no longer protects the underlying equipment,
but not before the life of the wear liner has been maximised.

[0006] Wear liners can be made of steel, iron, rubber, ceramics or combinations of
these. Replacing wear liners requires significant site downtime which is undesirable
from an economic point of view. The downtime is attributable to the time taken to
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assess the thickness of the liner, and the considerable time needed to replace the wear
liner. Therefore, accurately assessing the thickness of the wear liner is of critical

importance.

[0007] Difficulties arise when monitoring and determining the extent of wear of the wear

liners.

[0008] One method that has been used to determine wear liner thickness is visual
inspection. The problem with this approach is the downtime of the site required for safe
inspection, as well as the inaccuracy of relying on the human eye to determine the wear

of the wear liner

[0009] Another method of determining wear liner thickness is via ultrasonic thickness
gauging. The readings are obtained using a hand-held device which is operated
manually. The operator takes the readings by placing the sensor at selected points on
the wear liner. The operator notes the thickness reading and the location on a graphical
representation. There are several problems with ultrasonic thickness gauging. Firstly,
as mentioned previously, the site must be shutdown in order for the operator to take the
measurement. Secondly, temperature alters the performance of the measurement
equipment, and hence calibration is regularly required to ensure accurate readings.
Thirdly, it is slow, as each point must be recorded manually. Fourthly, it is difficult to
accurately assess liner wear due to the need to ensure that the sensor measurement

tool is perpendicular to the wear liner and the practical difficulty in achieving this.

[0010] Another method is the use of sensors within the wear liner system, in particular
the fasteners. One means of securing a wear liner in place is the use of fasteners.
Each fastener typically has a head which is received in a recess of the wear plate, the
head having a shank extend therefrom. The shank extends through the wear plate and
the structure to which the wear liner is protecting. The fastener also has a nut such that
upon rotation of the head, the fastener is caused to clamp the wear liner relative to the

surface.

[0011] Attempts have been made to incorporate a sensor within the fastener. One such
system is described in WO 2010/096873 to the present applicant. This system has a
probe which extends along the shank and into the head. As the head and the wear liner

are exposed to the same environment the head wears as the wear liner wears. As the
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head wears the probe wears as well to provide the sensor with a representation of the

extent of wear experienced by the wear liner.

[0012] The probe comprises a printed circuit board which has a pair of common
tracks/rails and a number of resistive elements extending therebetween, whereby the
resistive elements are arranged in parallel. The resistive elements are arranged one
after the other such that they extend along the length of the probe at predetermined
distances from each other. As the head wears the probe also wears, resulting in
successive resistive elements being removed as the probe wears. The change in
resistance can then be measured using an ohmeter, or a voltage may be applied
thereto and the change in voltage is measured.

[0013] It has been found that there are several inherent disadvantages with this system.
In particular the probe is prone to being short circuited as it wears, causing false
readings to be recorded. These short circuits are created typically across the two
tracks/rails due to moisture in the ore, ore engaging with and/or becoming stuck to the
probe, and/or the probe being bent. These false readings render the sensor unreliable.
Another disadvantage is the spacing required between each resistive element. As the
resistive elements need to be spaced a distance from each other the sensor is unable to
provide a high degree of resolution in terms of wear between those positions of the
probe which correspond to a location of the resistive element. As a result the wear

experienced by a wear liner can only be identified at specific intervals of wear.

[0014] Further, the comparative sparsity of measurement coverage of the liner is also a
problem. Sensors provide an indication of wear of the wear liner in the area proximate
to the sensor. However, the wear experienced by a wear liner system can vary
significantly in the system. Depending upon the way the material engages the wear
liner, adjacent wear liners can experience significantly different levels of wear. These
different levels of wear may also be experienced at different regions of the same wear
plate. Where this occurs it is difficult to predict when the wear liner needs to be
replaced, particularly where no sensor is located in the region experiencing the highest

wear.

[0015] The preceding discussion of the background art is intended to facilitate an

understanding of the present invention only. The discussion is not an acknowledgement
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or admission that any of the material referred to is or was part of the common general
knowledge as at the priority date of the application.

SUMMARY OF INVENTION

[0016] It is an object of this invention to provide a system for forecasting wear and a
wear sensor particularly suited for use in that system, wherein the system and /or the
wear sensor ameliorates, mitigates or overcomes, at least one disadvantage of the prior

art, or which will at least provide the public with a practical choice.

[0017] Throughout the specification the term ‘wear plate’ is used to describe a plate, a
liner or a part of a machine/equipment which is exposed to wear, and/or a plate, a liner
or a part of a machine/equipment which is used to protect a surface from wear, and

includes wear plates made from steel, iron, rubber, ceramics or combinations of these.

[0018] The present invention provides a wear sensor for use in a wear sensing fastener,
the wear sensor fastener comprising a head which in use is exposed to wear, the head
has a shank extending therefrom, a sensor portion having a probe received within the
shank such that an end of the probe terminates at or adjacent an exposed surface of
the head, the probe comprising a plurality of resistive elements positioned along the
probe, wherein each resistive element is individually measurable, whereby in use those
resistive elements which do not return a result provide an indication of wear

experienced by the probe.
[0019] Each resistive element may be in the form of a resistor.

[0020] Each resistive element may be positioned such that removal of the resistive

element from the wear sensor provides a measurement of wear.

[0021] Preferably each resistor is connected to a supply means through a common rail.
The supply means may provide a voltage to each resistor. Each resistor may have an
independent return rail connecting the end of the resistor to a detection means for
detecting whether the resistor is present or not. With this arrangement each resistor is
measured individually, typically sequentially, allowing the wear sensor to readily identify
the number of resistors present. This then translates to the change in length of the
probe which is representative of the change in thickness of the wear plate.
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[0022] In an alternative arrangement each resistor has a dedicated rail connected to a

supply means.

[0023] Each resistive element may be positioned such that its removal from the wear

sensor provides a measurement of wear.

[0024] Each resistive element may be positioned between the common rail and its
respective independent rail.

[0025] The resistors may be provided on a printed circuit board (PCB). The PCB may
have a plurality of layers of resistors printed thereon. The number of layers may be
selected to provide the desired wear resolution. For example the PCB may have eight
layers of eight resistors placed on the PCB such that the resistors are offset from each
other. With this arrangement the wear resolution on a 50mm wear plate provides
detection of less than one millimetre of wear. In one arrangement the resistors may be
evenly spaced from each other. In another embodiment the resistors may be more
closely spaced at the end of the probe distal from the exposed surface of the head.
This would allow finer measurements as the wear plate approaches the end of its

service life.

[0026] In an alternative arrangement each resistor is connected to a supply means
through a common first rail, and connected to a detection means through a common
second rail wherein a zener-diode is positioned between adjacent resistors. Each
zener-diode acts as a switch which may be selectively turned on/off to verify the

presence of the resistor.

[0027] The sensor may comprise a housing adapted to be secured to the back of a wear
surface. In an alternative arrangement the sensor may comprise a housing adapted to
be secured to or integral with a nut which is threadingly received on the shank. The
probe may extend from the housing and be embedded in the shank. The PCB may be
housed in the housing whereby a portion of the PCB provides the probe.

[0028] The sensor may be adapted to detect one or more further characteristics
experienced by the fastener. These characteristics may include one or more of the
following: vibration, impact frequency, impact energy temperature, sensor temperature,
sensor orientation, pressure, flex, ore hang up and moisture. = The housing may

incorporate one or more sensors devices to sense the further characteristics.
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[0029] The housing may include a battery. The battery may be selectively activated at
set intervals to collect data. The battery may be activated at set intervals to provide the
required power to the sensor over the life of the wear plate. The battery may be
exchanged, recharged or connected to an external battery pack.

[0030] The sensor may incorporate a communicating means to receive and send data.
The communicating means may use wireless communications. The communicating
means may incorporate an antenna. The antenna may be housed in the sensor
housing at a position most distal from the probe. The housed portion of the PCB may
be potted in the housing. When assembled, the probe may be potted in the shank.

[0031] The present invention further provides a wear sensor adapted to be fastened
relative to a plate exposed to wear, the wear sensor comprises a housing and a probe
extending therefrom, the probe is adapted to be positioned in a hole formed in the plate,
the probe comprising a plurality of resistive elements positioned along the probe,
wherein each resistive element is individually measurable, whereby in use those
resistive elements which do not return a result provide an indication of wear
experienced by the probe. Preferably the probe is tapered inwardly in a direction away

from the sensor housing.

[0032] The probe may act as an alignment guide as it is guided through the hole to
ensure the sensor is properly aligned. The probe may incorporate a probe housing
which extends from the housing of the sensor to protect the probe.

[0033] The hole in which the probe is received is preferably as small as possible to
minimise preferential wear associated with the hole. The hole may be 12mm in

diameter.

[0034] The housing may be adapted to threadingly engage a complementary threaded
portion on the plate. The threaded portion may be provided by a nut secured to a non-
wear surface of the plate.

[0035] The housing may have a relatively low profile such that it may be mounted in
applications where an over-extending projection is not desirable.

[0036] The sensor may incorporate one or more indicators, such as an LED. The one or
more indicators can be programmed to visually provide a signal, the signal may
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represent a variety of statuses and/or functions. For instance the one or more
indicators may visually display: the status of the battery; the status of the wear plate;

whether the sensor is active and recording data.

[0037] The one or more indicators may illuminate, flash at certain rates, or change
colour to visually provide the signal. The sensor may further comprise a controller
which may be programmed to control the one or more indicators.

[0038] The probe may form part of the plate. The probe may be potted using a material

having similar/equivalent wear characteristics as the wear plate.

[0001] The present invention further provides a system for forecasting the life of a wear

plate, the system comprises:

at least one wear sensor as herein before described, the at least one wear
sensor securing the wear plate in position, the at least one wear sensor collecting

data representative of the thickness of the wear plate;
a gateway for receiving data from the at least one wear sensor;
a processing means for receiving and processing the data;

wherein the processing means provides a forecast of when the wear plate will

reach the end of its service life.

[0002] The present invention further provides a system for forecasting the life of a wear
plate, the system comprises:

a plurality of wear sensors as herein before described, the wear sensors being
secured at various positions on the wear plate in spaced apart relation, each

wear sensor collecting data representative of the thickness of the wear plate;
a gateway for receiving data from each wear sensor;
a processing means for receiving and processing the data;

wherein the processing means provides a forecast of when the wear plate will
reach the end of its service life.



WO 2020/061634 PCT/AU2019/051037
8

[0003] Preferably the system comprises an activation means for activating each wear
sensors at predetermined times whereupon the data may be collected and logged. The
activation means deactivates the wear sensor once the data has been logged and
communicated to the gateway. In those embodiments where the data may not be
communicated to the gateway, the sensor may still be deactivated but stores the data

until the wear sensor is activated and can communicate with the gateway.

[0004] The activation means may be varied during the life of the wear sensor to
accommodate changes associated with the wear plate. The activation means may be
reprogrammed so that the predetermined times are varied. This may be required in
order to preserve the battery life to ensure the battery is able to operate the wear sensor

throughout the forecast life of the wear plate.

[0005] Preferably each sensor collects vibration data when activated. The vibration
sensor may sense vibration in three axes. Once processed by the processing means
the vibration data may indicate that the wear plate or fastener are not properly secure.
The vibration data may also be used by the processing means to assess and
accommodate periods when there is no flow of material across the wear plate and

therefore identify periods of no wear.

[0006] The processed vibration data may also be used to identify unexpected changes
in the flow of material across the wear plate which may affect the wear experienced by
the wear plate, such as larger than expected impacts which may be caused by large

pieces of material.

[0007] The vibration data may also be used to estimate the thickness of the plate based

on the known natural frequencies of the wear plate at various thicknesses.

[0008] Preferably each sensor collects temperature data when activated. The
temperature data may include the temperature of the sensor housing. This data can
then be used to evaluate the effect the temperature has on the life of the battery.

[0009] The temperature data may include the temperature at the end of the probe. This
data is indicative of the temperature of the wear plate and may be used by the
processing means when forecasting the life of the wear plate.
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[0010] The system may comprise a display means for visually displaying when one or
more wear plates associated with the equipment require repair/replacement.

[0011] The system may comprise a historical data bank relevant to the wear plate being
measured. The processing means may compare collected data against the historical
data bank to verify its forecast.

[0012] The system may incorporate a scheduling means for scheduling the
repair/replacement of wear plates forecast to require repair/replacement. The
scheduling means may schedule repair/replacement to coincide with a shutdown, as
may be the case with mining equipment.

[0013] The scheduling means may order the required materials for the
repair/replacement.

[0014] The data may be transmitted by the gateway to a server/cloud from which the

processing means can collect the data.

[0015] The processing means may receive input data relevant to changes associated
with the wear plate. The input data may include periods of plant shutdown, changes in
tonnages.

[0016] The present invention further provides a method of measuring wear plate
thickness using an ultrasonic gauge placed on the end of the fastener distal from the

wear face.

[0017] Another technique may be to incorporate the use of an ultrasonic thickness
gauge which could be mounted onto the back of the bolt either as alternative to the
aforementioned resistor method which sends the data out, or utilise a hand held
ultrasonic thickness measurement device onto the back of the fastener which secures
the wear plate in position to measure the length of the fastener to determine the
thickness of the wear liner. The end of the fastener may be modified to allow the UT
probe to go directly onto the threaded centre of a shank of the fastener giving a direct
measurement of the length of the bolt. This is advantageous over using the UT sensor
on the back wall of the chute as the air gap between the wall and the plate distorts the
measurement. In the case of a stud welded onto the back of the liner this would also
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have problems with an accurate measurement of thickness given the air gap behind the
stud.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Further features of the present invention are more fully described in the following
description of several non-limiting embodiments thereof. This description is included
solely for the purposes of exemplifying the present invention. It should not be
understood as a restriction on the broad summary, disclosure or description of the
invention as set out above. The description will be made with reference to the

accompanying drawings in which:

Figure 1 is a perspective view of a wear sensor in the form of a wear sensor

fastener according to a first embodiment of the invention;
Figure 2 is a cross section side view of figure 1;
Figure 3 is an exploded view of figure 1;

Figure 4 is a rear perspective view of the wear sensor in figure 1 secured to a

wear plate;

Figure 5a is a schematic of an array of resistors incorporated in the wear sensor

in figure 1;

Figure 5b is a further schematic of an alternative array of resistors incorporated
in the wear sensor in figure 1 and positioned in the wear plate;

Figure 6 is an alternative schematic of an array of resistors which may be

incorporated in the wear sensor in figure 1;

Figure 7 is a bottom perspective view of a wear sensor according to a second

embodiment of the invention;
Figure 8 is a cross section side view of figure 7;

Figure 9 is a rear perspective view of the wear sensor in figure 7 secured to a
wear plate; and
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Figure 10 is a schematic of a system for forecasting wear of a wear plate
according to an embodiment of the invention.

[0019] In the drawings like structures are referred to by like numerals throughout the
several views. The drawings shown are not necessarily to scale, with emphasis instead

generally being placed upon illustrating the principles of the present invention.

DESCRIPTION OF EMBODIMENTS

[0020] The invention according to a first embodiment is in the form of a wear sensor 11

and a system incorporating such a wear sensor to forecast the life of a wear plate 13.

[0021] Referring to figures 1 to 5b, the wear sensor 11 is shown in combination with a
fastener to provide a wear sensor fastener 15. The wear sensor fastener 15 comprises
a head 17 and a hollow shank 19. In use the head 17 is received in the wear plate 13
such that it is exposed to the same wear as experienced by the wear plate 13. The
fastener also comprises a nut 21 which co-operates with the head 17 to clamp the wear
plate 13 to the structure 23.

[0022] The wear sensor 11 is adapted to be threadingly received in the nut 21 to secure

the wear sensor 11 to the fastener 15.

[0023] The wear sensor 11 comprises a housing 25 which houses a printed circuit board
(PCB) 27 and a battery 29. The PCB has a portion which projects out of the housing 25
to provide a probe 31. The probe 31 is adapted to be received in the hollow shank 19
such that it extends into the head 17, as best shown in figure 2.

[0024] Referring to figures 2 and 5, the probe 31 provides a plurality of resistive
elements in the form of resistors 33. In this embodiment each resistor 33 has a
common rail 35 connected to one end, and a dedicated independent rail 37 connected
to the other end of each resistor 33. With this arrangement a signal, such as a voltage,
passes along the common rail 35, through the resistor and returns to a detection means
via each independent rail 37. On the basis of the returned signal, the detection means
detects the number of resistors in the probe 31. The number of resistors is
representative of the length of the probe 31 remaining, the thickness of the head 17 and

therefore the thickness of the wear plate 13.
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[0025] Prior art wear sensors are in the form of a simple resistor network, with resistors
placed in a linear array on a printed circuit board. These are arranged so that the
printed circuit board will be worn at the same time as the item for which wear
measurement is required. Detection of wear is done by measuring the change of
voltage or current through the network when a resistor is removed by the wearing
process. However, with these prior art systems the wear condition may also cause a
resistor short circuit, or result in a random resistor value in the presence of moisture
and/or conductive materials. As a result some resistors can provide a false reading

which is not representative of the wear.

[0026] The sensor of the present invention allows for these non-ideal conditions by
performing a sequence of voltage/current measurements on a multi-terminal resistor
network. The excitation and measurement of the network is designed to allow detection
not only of missing resistors, but of shorted or changed value resistors.

[0027] Figure 5a provides an embodiment of the resistor network. Using a
microcontroller (or other programmable system), a voltage "high" (e.g. 3.3V) or "low"
(e.g. OV) can be applied independently to any number of terminals of the resistor
network. The resulting voltage at the undriven terminals can then be measured. Multiple
measurements allow the independent measurement of all resistance values in the

network.

[0028] Figure 5b is a schematic representation of the wear sensor 11 positioned within
the wear plate 13, having six resistors 33 labelled R1 to R6. The resistors 33 are
embedded in the probe 31 which is inserted into the wear plate 13 for detecting the
wear of the wear plate 13.

[0029] Each resister 33 is at a known distance D1 to D6 from a wear surface 14. For
the purpose of clarity only six resistors are noted in the present example. As would be
readily understood by the person skilled in the art the present invention is not limited to

having only six resistors, and could extend through to any number of resistors.

[0030] Each resistor is positioned between the common rail 35 and its respective
independent rail 37. With this arrangement the resistor 33 will be removed from the
wear sensor as the wear plate 13 wears to and past the position of the respective
resistor 33. In this regard, for its respective circuit, the resistor is the closest component
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to the wear surface. This enables the wear sensor of the present invention to provide

an accurate and defined wear measurement relative to the position of each resistor.

[0031] In operation a reference voltage Vr is applied to resistor R1, and the voltage
across the remaining resistors, V2 through to V6, is measured, as well as the voltage,

VO of the common rail 35.

[0032] The reference voltage Vr is then applied to R2, and the voltage across the
remaining resistors V1, V3 through V6 is measured as well as the voltage of the

common line, VO

[0033] This process is then repeated for each resistor in turn, generating a 6x6 matrix of
measurements (or NxN for N resistors). This provides an indication of which resistors
are still present in the wear sensor, therefore providing a measurement of the wear

experienced by the wear plate 13 in the vicinity of the wear sensor.

[0034] The application of the reference voltage Vr, and the measurement process is
controlled via a Programmable Interface Controller PIC which contains a Digital-to-
Analogue Converter for generating the reference voltage, Vr, an Analogue-to-Digital
Converter for measuring the line voltages, and a means to control the application of the
reference voltage, Vr, and the measurement of the voltage to each of the resistors 33.

[0035] The wear sensor 11 also enables the elimination of false readings as N
measurements are taken for each resistor. This additional information is used to reduce
the risk of erroneous conclusions being made as to the remaining number of resistors,
and therefore the thickness of the wear material. These false readings could otherwise

occur due to:
short circuiting across the open terminals as the sensor wears;

material/ore sitting across the open circuit and exhibiting a behaviour similar to
that of a resistor; and/or

damage to the resistors or circuit below the wear surface caused by the impact of

material/ore on the sensor .

[0036] Due to the position of the resistors 33 between the rails 35, 37, for a short circuit

to provide a ‘believable’ reading, the material/ore would need to exhibit a resistance



WO 2020/061634 PCT/AU2019/051037
14

value that is very similar to that of the resistor that has been removed in order for a false

measurement to be made.

[0037] The measurement algorithm takes into account the sequential removal of the
resistors as the wear plate 13 wears. In fig 5b, removal being from R1 through to R6.
This further reduces the risk of erroneous measurements even in the situation where
the material across the open circuit exhibits a resistance value similar to the resistor that
has been removed. For example, in the situation where the surface has progressively
worn to a point where only resistors R5 and R6 remain, if a short then occurs across
any of the resistors that have already been removed (R1 through R4), even if the
resistance of the short matches that of the removed resistor, the algorithm would reject
this value as it knows that these resistors have been removed.

[0038] Figure 6 shows an alternative configuration of resistors 33. In this configuration
the resistors are connected by a first common rail 135 at one end of the resistors and a
second common rail 136 at the other end of the resistors. The configuration
incorporates zener diodes 138 between each resistor 33 which act as a switch to allow
for verification of the presence of the resistor 33.

[0039] The configuration of this embodiment uses a combination of resistors 33 and
non-linear elements being zener diodes 138. In this approach, only two common rails
135, 136 are required to connect to the network. To measure wear, a voltage ramp is
applied to the network, while measuring current. While the voltage is lower than the sum
of multiple zener breakdown voltages, the current remains unaffected by any resistance
changes deep in the network. As the voltage increases, further stages are turned on,
and the current becomes sensitive to any resistance changes deeper in the network.

[0040] The wear sensor 11 also comprises a vibration sensor 39 and a temperature
sensor 41.

[0041] The wear sensor 11 further comprises an antenna 43 for wireless

communication with a gateway, as will be described below.

[0042] A wear sensor 211 according to a second embodiment of the invention is
illustrated in figures 7 to 9. For convenience features of the wear sensor 211 that are
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similar or correspond to features of the wear sensor 11 of the first embodiment have

been referenced with the same reference numerals.

[0043] The wear sensor 211 is particularly suited to be fitted to a wear plate 213 wherein
the wear plate 213 is part of the equipment, such as for example a tray of a truck. In
this regard the wear sensor 211 has a low profile in order to provide a degree of
robustness over the wear sensor 11 of the first embodiment

[0044] The wear sensor 211 has been designed for quick installation. The wear sensor
211 comprises a housing 225 which is adapted to threadingly engage a nut 221 (or
similar threaded component) which is secured to a non-wear surface of the wear plate
213. The housing 225 has a hollow portion 251 extending from a bottom of the housing
225. The hollow portion 251 is adapted to be received in a hole 253 in the wear plate
213 during installation of the wear sensor, as best shown in figure 8. The hollow portion
251 and hole 253 act to guide and align the wear sensor 211 to ensure the wear sensor
211 is properly aligned.

[0045] The wear sensor 211 comprises a PCB 227 which is largely housed in the
housing 225. The PCB has a portion which extends into the hollow portion 251 to
provide a probe 231. The probe 231 provides a plurality of resistors 33, in the same
manner as that of the first embodiment.

[0046] The wear sensor 211 also comprises a battery 229, a vibration sensor 39 and a

temperature sensor 41.

[0047] The wear sensor 211 further comprises a visual indicator in the form of a light
255.

[0048] A plurality of wear sensors 11, 211 of either embodiment may be incorporated in
a system 361 for forecasting the life of the wear plate 13, 213. Figure 10 provides a
schematic representation of the system 361. In addition to a plurality of wear sensors
11, 211, the system comprises a gateway 363 which wirelessly receives data collected
by the wear sensors before transmitting the data to a processing means 365 for

processing.
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[0049] The processing means 365 retrieves historical data from a historical database
367 relevant to the replaced wear plates, sensor data from the wear sensors as well as
input data which may be input from an operator. The input data may relate to
information associated with the nature and flow rate of material passing over the wear

plate.

[0050] The sensor data which the processing means 365 may consider includes:

wear rate data (direct measurement using number of resistors);
impact energy based on the vibration sensor data;
temperature data;

bolt/wear plate tightness (based on interpreting vibration sensor data with
baseline established on initial install);

position of wear sensor.
[0051] The input data which the processing means 365 may consider includes:

unscheduled changes in past flow rates of material across the wear plate;
expected changes in planned flow rates of material across the wear plate;

timing of next shutdown to allow the processing means to determine what wear

plates require replacement based on forecast wear;
properties/configuration of wear plate;
tonnes since wear plate changed out;

[0052] The processing means 361 processes the data and determines a WearSense
Indication Number (WIN) between, for example, 1-10 to indicate when the wear plate
will need to be changed/repaired or checked (if wear plate is loose).

[0053] The system also comprises a display means 363 upon which the processing
means 361 is designed to provide a simple visual display of the current status of each of
the wear sensor’'s wear data along with the previous measurements to show a time-
history of the wear of each chosen sensor since installation. This wear information can

be provided in a number of different ways which can be chosen by the end user. For
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example this may include a colour display of each wear plate/sensor using a specified
colour system to indicate how much of the wear liner life has been used. The operator
can also show the same wear data on a chart showing historical wear data from sensor

installation up to the current wear measurement figure.

[0054] The operator is therefore provided with a live update of the current wear status
based on the individual wear sensor data.

[0055] The processing means provides a forecast for each wear plate to indicate when
the wear plate will need to be changed (i.e. when the wear measurement reaches a pre-
determined thickness of plate as specified by the operator when the new sensors are
installed). This forecast process is a key parameter for the operator to understand when
they should be planning for a shut down to replace the wear plates. If the operator waits
too long then there is a likelihood of failure of the equipment and loss of ore which can
be catastrophic to the overall supply chain. It is therefore important to ensure that the
forecast process is as accurate as possible.

[0056] The improved forecast of wear plate life when incorporating vibration data
provides a major benefit to the operator.

[0057] Modifications and variations such as would be apparent to the skilled addressee
are considered to fall within the scope of the present invention. The present invention is
not to be limited in scope by any of the specific embodiments described herein. These
embodiments are intended for the purpose of exemplification only. Functionally
equivalent products, formulations and methods are clearly within the scope of the

invention as described herein.

[0058] Throughout this specification, unless the context requires otherwise, the word
"comprise" or variations such as "comprises" or "comprising", will be understood to
imply the inclusion of a stated integer or group of integers but not the exclusion of any

other integer or group of integers.

[0059] While the invention has been shown and described with reference to certain
exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the invention as defined by the appended claims.
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[0060] Example embodiments are provided so that this disclosure will be thorough, and
will fully convey the scope to those who are skilled in the art. Numerous specific details
are set forth such as examples of specific components, devices, and methods, to
provide a thorough understanding of embodiments of the present disclosure. It will be
apparent to those skilled in the art that specific details need not be employed, that
example embodiments may be embodied in many different forms and that neither
should be construed to limit the scope of the disclosure. In some example
embodiments, well-known processes, well-known device structures, and well-known

technologies are not described in detalil.

[0061] The method steps, processes, and operations described herein are not to be
construed as necessarily requiring their performance in the particular order discussed or
illustrated, unless specifically identified as an order of performance. It is also to be
understood that additional or alternative steps may be employed.

” 13 ” 13

[0062] When an element or layer is referred to as being “on”, “engaged to”, “connected
to” or “coupled to” another element or layer, it may be directly on, engaged, connected
or coupled to the other element or layer, or intervening elements or layers may be
present. In contrast, when an element is referred to as being “directly on,” “directly
engaged to”, “directly connected to” or “directly coupled to” another element or layer,
there may be no intervening elements or layers present. Other words used to describe
the relationship between elements should be interpreted in a like fashion (e.g.,

”ou

‘between” versus “directly between,” “adjacent” versus “directly adjacent,” etc.). As
used herein, the term “and/or” includes any and all combinations of one or more of the

associated listed items.

[0063] Although the terms first, second, third, etc. may be used herein to describe
various elements, components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element, component, region, layer or
section from another region, layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence or order unless clearly
indicated by the context. Thus, a first element, component, region, layer or section
discussed below could be termed a second element, component, region, layer or
section without departing from the teachings of the example embodiments.
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Spatially relative terms, such as “inner,” “outer,” “beneath”, “below”, “lower”, “above”,
‘upper” and the like, may be used herein for ease of description to describe one
element or feature’s relationship to another element(s) or feature(s) as illustrated in the
figures. Spatially relative terms may be intended to encompass different orientations of
the device in use or operation in addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented “above” the other elements
or features. Thus, the example term “below” can encompass both an orientation of
above and below. The device may be otherwise oriented (rotated 90 degrees or at
other orientations) and the spatially relative descriptors used herein interpreted

accordingly.

[0064] Such variations are not to be regarded as a departure from the disclosure, and all
such modifications are intended to be included within the scope of the disclosure.
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Claims

1. A wear sensor for use in a wear sensing fastener, the wear sensor fastener
comprising a head which in use is exposed to wear, the head has a shank extending
therefrom, a sensor portion having a probe received within the shank such that an
end of the probe terminates at or adjacent an exposed surface of the head, the
probe comprising a plurality of resistive elements positioned along the probe,
wherein each resistive element is individually measurable, whereby in use those
resistive elements which do not return a result provide an indication of wear

experienced by the probe.

2. The wear sensor according to claim 1 wherein each resistive element is in the

form of a resistor.

3. The wear sensor according to claim 2 wherein each resistor is connected to a

supply means through a common rail.

4. The wear sensor according to claim 2 or 3 wherein the supply means provides
a voltage to each resistor.

5. The wear sensor according to claim 2, 3 or 4 wherein each resistor has an
independent return rail connecting the end of the resistor to a detection means for

detecting the presence of the resistor.

6. The wear sensor according to claim 2, 3 or 4 wherein each resistor has a
dedicated rail connected to a supply means.

7. The wear sensor according to any one of claims 1 to 6 wherein each resistive
element is positioned such that its removal from the wear sensor provides a

measurement of wear.

8. The wear sensor according to claim 5 wherein each resistive element is
positioned between the common rail and its respective independent rail such that its

removal from the wear sensor provides a measurement of wear.

9. The wear sensor according to any one of claims 2 to 8 wherein the resistors
are provided on a printed circuit board (PCB).
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10. The wear sensor according to claim 9 wherein the PCB has a plurality of
layers of resistors printed thereon, the number of layers being selected to provide the

desired wear resolution.

11.  The wear sensor according to any one of claims 2 to 10 wherein the resistors
are more closely spaced at the end of the probe distal from the exposed surface of
the head.

12.  The wear sensor according to claim 2 wherein each resistor is connected to a
supply means through a common first rail, and connected to a detection means
through a common second rail wherein a zener-diode is positioned between adjacent

resistors.

13. The wear sensor according to claim 12 wherein each zener-diode acts as a
switch which can be selectively turned on/off to verify the presence of the resistor.

14. The wear sensor according to any one of claims 1 to 13 further comprising a

housing adapted to be secured to the back of a wear surface.

15. The wear sensor according to any one of claims 1 to 13 further comprising a
housing adapted to be secured to or integral with a nut which is threadingly received
on the shank.

16.  The wear sensor according to claim 14 or 15 wherein the probe extends from
the housing and is embedded in the shank.

17.  The wear sensor according to claim 15 or 16 when dependent on claim 9
wherein the PCB is housed in the housing whereby a portion of the PCB provides
the probe.

18. The wear sensor according to any one of claims 1 to 17 further adapted to
detect one or more further characteristics experienced by the fastener including one
or more of the following characteristics: vibration, impact frequency, impact energy
temperature, sensor temperature, sensor orientation, pressure, flex, ore hang up and

moisture.
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19.  The wear sensor according to claim 18 wherein the housing incorporates one

or more sensors devices to sense the further characteristics.

20. The wear sensor according to any one of claims 15 to 19 wherein the housing
includes a battery, the battery is selectively activated at set intervals to collect data.

21.  The wear sensor according to any one of claims 1 to 20 further comprising a

communicating means to receive and send data.

22. The wear sensor according to claim 21 wherein the communicating means
incorporates an antenna which is housed in the housing at a position most distal
from the probe.

23. A wear sensor adapted to be fastened relative to a plate exposed to wear,
the wear sensor comprises a housing and a probe extending therefrom, the probe is
adapted to be positioned in a hole formed in the plate, the probe comprising a
plurality of resistive elements positioned along the probe, wherein each resistive
element is individually measurable, whereby in use those resistive elements which

do not return a result provide an indication of wear experienced by the probe.

24. The wear sensor according to claim 23 wherein the probe is tapered inwardly

in a direction away from the housing.

25.  The wear sensor according to claim 23 or 24 wherein the probe provides an
alignment guide as it is guided through the hole to ensure the sensor is properly

aligned.

26. The wear sensor according to claim 23, 24 or 25 wherein the probe
incorporates a probe housing which extends from the housing of the sensor to
protect the probe.

27. The wear sensor according to claim 26 wherein the housing is adapted to
threadingly engage a complementary threaded portion on the plate.

28. The wear sensor according to any one of claims 1 to 27 comprising
one or more indicators, to provide a signal, the signal represents a variety of
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statuses and/or functions including one or more of the following: the status of the
battery; the status of the wear plate; whether the sensor is active and recording data.

29. The wear sensor according to any one of claims 1 to 28 wherein the probe
forms part of the plate.

30. A system for forecasting the life of a wear plate, the system comprises:

at least one wear sensor according to any one of claims 1 to 29, the at least
one wear sensor securing the wear plate in position, the at least one wear

sensor collecting data representative of the thickness of the wear plate;
a gateway for receiving data from the at least one wear sensor;
a processing means for receiving and processing the data;

wherein the processing means provides a forecast of when the wear plate will
reach the end of its service life.

31. A system for forecasting the life of a wear plate, the system comprises:

a plurality of wear sensors each according to any one of claims 1 to 29, the
wear sensors being secured at various positions on the wear plate in spaced
apart relation, each wear sensor collecting data representative of the
thickness of the wear plate;

a gateway for receiving data from each wear sensor;
a processing means for receiving and processing the data;

wherein the processing means provides a forecast of when the wear plate will
reach the end of its service life.

32. The system according to claim 30 or 31 further comprising an activation
means for activating each wear sensor at predetermined times whereupon the data
is collected and logged, the activation means deactivating the wear sensor once the
data has been logged and communicated to the gateway.
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33. The system according to claim 32 wherein the operation of the activation
means is varied during the life of the wear sensor to accommodate changes

associated with the wear plate.

34. The system according to any one of claims 30 to 33 wherein each sensor
collects vibration data when activated, the vibration data being used to determine:
whether the wear plate is properly secure; periods when there is no flow of material
across the wear plate; unexpected changes in the volume of material across the
wear plate; and/or the thickness of the plate based on the known natural frequencies
of the wear plate.

35. The system according to any one of claims 30 to 34 wherein each sensor
collects temperature data when activated, the temperature data being used to predict
the life of the battery.

36. The system according to any one of claims 30 to 35 further comprising a
display means for visually displaying when one or more wear plates associated with
the equipment require repair/replacement.

37. The system according to any one of claims 30 to 36 further comprising a
historical data bank relevant to the wear plate being measured, allowing for the
collected data to be compared to the historical data bank to verify its forecast.

38. The system according to any one of claims 30 to 37 further comprising a
scheduling means for scheduling the repair/replacement of wear plates forecast to

require repair/replacement.

39. A method of measuring wear plate thickness using an ultrasonic gauge placed
on the end of the wear sensing fastener distal from the wear face, the wear sensing

fastener incorporating a wear sensor according to any one of claims 1 to 29.
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