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(57) Abstract: The present invention provides a system and method for more efficient utilization of comminution mills. Sensors (802n)
are provided in the liners (801n) placed within the mill shell (800). The sensors may include RFID tags, liner wear profile sensors (e.g.,
such as an ultrasonic sensor), an inertial sensor (preferably included both an inclinometer and an accelerometer, and an acoustic sensor,
among others. When the liners are installed in the shell, the RFID tag is used to register the location of the liner within the shell. In
operation, the information provided by the sensors is collected by a data transmission unit and sent by transmitter over the air (815)
to a computer (806) having an antenna (810) and receiver (807) for such data. The data is correlated and the data is reviewable in real
time while the mill is in running.
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[0001]

[0002]

[0003)

[0004)

IMPROVED LINER ASSEMBLY FOR ORE GRINDING MILL

CROSS-REFERENCE TO RELATED APPLICATION

This application is being filed on June 17, 2019 as a PCT International
Patent Application and claims the benefit of U.S. Patent Application
Serial No. 62/686,649, filed on June 18, 2018, the disclosure of which is

incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates generally to mining, more particularly to ore
grinding and milling machines, and still more particularly to a system and

method for more efficient utilization of comminution mills.

BACKGROUND OF THE INVENTION

Comminution mills are large rotating drums for reducing ore to a usable
form. Ore, or “media,” tumbles within the drum as it rotates, falling upon
itself, impacting the inner surfaces of the mill, and impacting mill charge,
which often includes loose metal balls or rods inside the mill. This
process cuts, crushes, and grinds large ore into small ore, or small ore into

fine powder.

The milling process is quite old but works well. Interactions between the
media, the charge, and the inner surfaces can quickly reduce ore to a
manageable and usable form, depending on the application. Not
surprisingly, this process is incredibly destructive on the machinery. As a
result, mills are always fit with liners. Were mills not protected with
liners, the media and charge would directly impact the shell of the mill,
would wear a hole through the shell, and the entire mill would be have to
be replaced. The use of liners protects the shell. Accordingly, instead of

the mill wearing out, the liners are worn as the mill operates.
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[0005] Eventually the liners must be replaced. However, downtime of a day or

[0006]

two during re-line can represent potentially tens if not hundreds of
thousands of dollars in lost opportunity. Mill operators thus prefer to
perform re-lines as infrequently and as quickly as possible. But they must
perform repair work every time a liner becomes damaged to the point
where it jeopardizes the safety or integrity of the mill. So mill operators
sometimes replace liners or perform re-lines too soon. When an entire
crew is performing a re-line, it can be more efficient to replace partially
worn liners that still have usable life in them than to bring the crew back
later and put the mill out of commission a second time. Premature or

unnecessary replacement has costs, too, of course.

Therefore, there arises a need in the art for a system and method to
monitor liners, schedule re-lines, and improve efficiency of comminution

mills.

[0006a] Where any or all of the terms "comprise", "comprises", "comprised" or

"comprising" are used in this specification (including the claims) they are
to be interpreted as specifying the presence of the stated features,
integers, steps or components, but not precluding the presence of one or

more other features, integers, steps or components.

[0006b] A reference herein to a patent document or any other matter identified as

[0007]

prior art, is not to be taken as an admission that the document or other
matter was known or that the information it contains was part of the

common general knowledge as at the priority date of any of the claims.
SUMMARY

The present invention discloses a system and method for more efficient
utilization of comminution mills. One or more sensors are provided in the
liners placed within the mill shell. The sensors may include RFID tags,
liner wear profile sensors (e.g., such as an ultrasonic sensor), an inertial
sensor (preferably included both an inclinometer and an accelerometer,

and an acoustic sensor, among others. When the liners are installed in the



shell the RFID tag is used to register the location of the liner within the
shell.

[0008] In operation, the information provided by the sensors is collected by a
data transmission unit and sent by transmitter over the air to a computer
having an antenna and receiver for such data. The computer’s CPU takes
the data and updates a database using the RFID information to correlate
the received information to the respective liner. An operator is able to
review the data in real time while the mill is in running to determine the

efficiency of the mill and to determine if the any of the liners require

2019290532 28 May 2024
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[0009)]

[0016]

[0011]

replacement. Changes may be made to the operation of the mill based on

this information.

Therefore, according to one aspect of the invention, there is provided a
liner assembly, of the type utilized as a wear item in the interior of a
comminution mill from the media and charge, comprising: a body having
a length, width, and depth, the body located within the comminution mill
and further having a void formed in a portion of the body; and a sensor
located in the void in the body, the sensor arranged and configured to

measure a change in the depth of the body.

Further to the above paragraph, additional aspects include (alone or in
combination):  wherein the sensor is an ultrasonic sensor; further
including an acoustic sensor for generating a signal indicative of the
number of strikes on the liner assembly from the media and charge during
operation of the comminution mill; further including an accelerometer
sensor for generating a signal indicative of the intensity of strikes on the
liner assembly from the media and charge during operation of the
comminution mill, further including an accelerometer sensor for
generating a signal indicative of the relative position of the liner assembly
within the comminution mill during operation of the comminution mill;
and wherein the liner assembly further includes an RFID tag, whereby the
location of the liner assembly within the comminution mill may be

registered upon installation of the liner assembly within the mill.

According to second aspect of the invention, there is provided a system
for monitoring the operation of a comminution mill, comprising: a
plurality of liner assemblies, the liner assemblies located within the
comminution mill in a known position; a plurality of sensors to monitor a
wear parameter of the liner assemblies, wherein each liner assembly
includes a corresponding sensor, each sensor is arranged and configured to
generate a first signal indicative of a wear parameter of the corresponding
liner assembly, and each sensor is located at least partially within the

corresponding liner assembly; and a plurality of transmitters, the plurality
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[0012)

[0013]

[0014]

[0015]

of transmitters transmitting the first signals for comparison to

predetermined wear reference values.

According to yet another aspect of the invention, there is provided a
method for determining the timing for replacement of a liner assembly
within a comminution mill, comprising: placing a sensor for measuring a
wear profile within a liner assembly; registering the position of the liner
assembly within the comminution mill, whereby position of the sensor
within the comminution mill is also known; and monitoring the output of
the sensor to determine an appropriate time to replace the liner assembly

based on the wear profile.

While the invention will be described with respect to preferred
embodiment configurations, methods and specifications, it will be
understood that the invention is not to be construed as limited in any
manner by either such configuration, methods and/or specifications
described herein. Further, while the various sensors are described as
specific types of sensors herein and are shown in specific locations within
the liners, the principles of this invention extend to utilizing sensors
located within the drum (i.e., within the shell of the comminution mill).
These and other variations of the inventions will become apparent to those

skilled in the art upon a more detailed description.

The advantages and features which characterize the inventions are pointed
out with particularity in the claims annexed hereto and forming a part
hereof. For a better understanding of the inventions, however, reference
should be had to the drawings which form a part hereof and to the
accompanying descriptive matter, in which there is illustrated and

described embodiments of the inventions.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring to the drawings wherein like numerals represent like parts

throughout the several views:
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[0016]

[0017)

[G018]

[0019]

[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

FIG. 1 is a partial section view of a mill outfitted with improved liner

assemblies;

FIG. 2 is an enlarged partial section view showing two liner assemblies

installed on the shell of the mill;

FIGS. 3A-3D are bottom perspective, top plan, side elevation, and bottom

plan views of a liner assembly, respectively;
FIG. 4 is a section view through a liner assembly;

FIG. 5 is a top perspective view of a data transmission unit for use in the

liner assembly;

FIG. 6 is a section view through a liner assembly installed in the shell of

the mill; and

FIG. 7 is a side elevation view of a liner assembly installed in the shell of

the mill.

FIG. 8 is a schematic functional block diagram of the system utilized in

connection with the various sensors installed in the liner assembly.

FIG. 9 is an illustration of the method steps which may be used to practice

the principles of the present invention.
DETAILED DESCRIPTION

Reference now is made to the drawings, in which the same reference
characters are used throughout the different figures to designate the same
elements. FIG. 1 is a partial section view of an ore grinding mill 11 fitted
with a plurality of liner assemblies 10. The liner assemblies 10 protect a
shell 12 of the mill 11 during operation of the mill 11, when it is
comminuting ore. The liner assemblies 10 are arranged along the inner
surface of a cylindrical sidewall 13 of the shell 12 and also on the inner
surface of opposed endwalls 14 and 15. The liner assemblies 10 mounted
on the sidewall 13 are different in shape and arrangement from the liner

assemblies 10 on the endwalls 14 and 15 but have the inventive features
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[0026]

[0027]

and elements described herein. As such, the description herein refers only
to the liner assemblies 10 on the cylindrical sidewall 13 with the
understanding that it applies equally to the liner assemblies on the

endwalls 14 and 15.

FIG. 2 shows in greater detail two liner assemblies 10 mounted to the
shell 12. Only one liner assembly 10 will be referred to herein. The liner
assembly 10 has a body 16 including a central crown 17 and opposed side
flanges 18. The body 16 is elongate, and the crown 17 and flanges 18
extend along the length of the body 16. The crown 17 projects upwardly
from the flanges 18 and is a prominent impact site for the ore as it tumbles
within the mill 11. The crown 17 has two angled impact surfaces which

extend obliquely down to the flanges 18.

The liner assembly 10 is mounted to the shell 12 with a plurality of bolts
20. The bolts 20 are passed through bores 21 in the shell 12 and secured
with nuts 22 on the outside of the shell 12, where each nut 22 can be
accessed and tightened and loosened on a particular bolt 20. The bolts 20
have enlarged heads which are seated in bores 23 in one of the flanges 18
of the liner assembly 10 to hold the liner assembly 10 tightly and securely
to the shell 12. The bores 21 are pre-formed through the shell 12 by the
manufacturer of the mill 11, and the bores 23 in the liner assembly 10 are
formed to register with those bores 21. However, not all of the bores 21
in the shell 12 correspond to the bores 23 in the liner assembly 10.
Instead, at least one bore 21 under each liner assembly 10 is occupied by a
data transmission unit (“DTU”) 30. The DTU 30 is connected to various

data-gathering instruments on the liner assembly 10.

FIG. 3A illustrates the liner assembly 10 from “below,” showing the inner
surface 31 which is concealed against the shell 12 when mounted thereon,
and which is opposite the outer wear surface 32 exposed to the milling
charge and ore. Several depressions are formed inward into the liner
assembly 10 from the inner surface 31, defining cavities 33 in the liner
assembly 10. The data-gathering instruments are preferably mounted in

these cavities 33.
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[0029] As seen in FIG. 3D, within an H-shaped cavity 33 are disposed an inertial

[0030]

[00

31

sensor 40, an acoustic sensor 41, and two ultrasonic sensors 42 and 43.
Each of these sensors 40-43 is coupled in wired data communication with
the DTU 30. The sensors 40-43 gather information about the operation of
the mill 11, the conditions of the charge and media, and the conditions of

the liner assembly 10 itself.

The inertial sensor 40 includes both an accelerometer and an inclinometer.
When connected through the DTU 30 to a computer (described in more
detail below), the inertial sensor 40 provides information about the
movement of the mill 11. The inertial sensor 40 records data about
rotational acceleration and velocity of the mill 11. The inclinometer
provides information about the angle of the liner assembly 10, from which
a computer can determine the position of the liner assembly 10 in the mill
11. In other words, based on the incline of the inertial sensor 40, the
computer can determine, for example, if the liner assembly has rotated
around to the bottom of the mill 11, is at the top of the mill 11, or is
somewhere therebetween. The computer can thus determine the

orientation of the crown 17 and the wear surfaces of the crown 17.

The acoustic sensor 41 records information about impacts on the wear
surface 32 of the liner assembly 10. The acoustic sensor 41 can measure
the number, frequency, and intensity of impacts of charge and media
against the liner assembly 10. The intensity of the impacts corresponds to
the proportion of charge and media impacting the liner assembly 10, and
so the operator can determine how much ore is hitting the liner assembly
10 versus milling charge. Impacts of different proportions of media and
charge have different comminution efficiencies, and so knowing the type
of impact occurring within the mill 11 is useful in analyzing whether the
impacts are effectively reducing the ore. Moreover, the intensity of the
impact also corresponds to the context of the impact, namely, whether the
mix of media and charge is falling upon itself or is falling upon exposed
wear surfaces of the liner assemblies 10. This, too, affects both the

efficiency of the comminution and the wear on the liner assemblies 10.
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[0032]

By combining this data with that gathered from the inertial sensor 40, a
mill operator can determine how the rotational speed of the mill 11 affects
the efficiency of the communication and the wear on the liner assemblies
10. The operator can then adjust the speed of the mill 11 to make milling

more or less efficient, faster or slower, hotter or cooler, etc.

The ultrasonic sensors 42 and 43 are shown in FIG. 3D but also in FIG. 4.
The sensors 42 and 43 are mounted within small sockets or seats 44 set in
from the cavity 33. One ultrasonic sensor 43 is mounted under the crown
17 and the other is mounted under the flange 18. The ultrasonic sensors
42 and 43 transmit ultrasonic waves within the body of the liner assembly
10. The waves bounce within the body and some return to the sensors 42
and 43 where they are received. The sensors 42 and 43 collect this data
and transmit it to the DTU 30. A computer connected to the DTU 30 can
interpret the data to determine whether and how far the wear surface 32 of
the liner assembly 10 is worn or damaged. When a threshold level of wear
is detected, the mill operator instructs the liner assembly 10 to be

replaced.

When replacement is necessary, the mill operator can easily identify the
liner assembly 10. As seen in FIG. 3A, the liner assembly 10 includes an
RFID tag 45. The RFID tag 45 is attached to the end of the liner assembly
10 and is coupled in wireless data transmission to the DTU 30. The RFID
tag 45 is programmed with identification information when the body 16 of
the liner assembly 10 is molded and is affixed to the body 16 just after the
body 16 is heat treated. The RFID tag 45 thus is used for identification of
the liner assembly 10 not just during the operating life of the liner
assembly 10, but before and after as well. The foundry which creates the
body 16 of the liner assembly 10 tracks its movement through the foundry
grounds with the RFID tag 45, tracks application of the DTU 30 and the
sensors 40-43 to the body 16, and tracks the liner assembly 10 through
shipping and delivery. When the liner assembly 10 is applied to the mill
11 during initial construction or a re-line, the date and time of installation

are recorded and associated with the RFID tag 45, so that the precise
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operating life of the liner assembly 10 is known. In this way, automatic
and electronic records can be maintained for each liner assembly 10
throughout its lifecycle. When the liner assembly 10 needs to be removed,

it can be quickly located with the RFID tag 45.

[0034] The DTU 30 on each liner assembly 10 provides the communication
between the sensors 40-43, the RFID tag 45, and the mill operator’s
computer. FIG. 5 shows the DTU 30 in detail. The DTU 30 includes a
rugged housing 50 with a narrowed post 51. The housing 50 contains a
stored power source such as a battery and a programmable controller
coupled to an LCD display 52 carried on a head end of the DTU 30 for
displaying information relating to the DTU 30 and to the sensors 40-43.
The controller within the housing 50 is coupled to the sensors 40-43 with
a connector cable 53 extending from the end of the post 51. As seen in
FIG. 6, the cable 53 runs through the cavity 33 from the post 51 to the
sensors 40-43. The second view of FIG. 6 shows the cable 53 connecting
only the ultrasonic sensor 43, but FIG. 3D shows the cable 53 connected
to all the sensors 40-43. Thus, there is a physical, wired connection
between the DTU 30 and the sensors 40-43, whereas there is a wireless

connection between the DTU 30 and the RFID tag 45.

[0035] FIGS. 6 and 7 also show how the DTU 30 is mounted in the shell 12.
Rather than being buried in the liner assembly 10, the DTU 30 is set into a
bore 21. The post 51 is snug fit into the bore 21 and is secured with
fasteners or bolts into the shell 12. To prevent the possibility of slurry
leakage through the bore 21, a gasket is compressed between the bore 21
and the DTU 30. The length of the post 51 is approximately equal to the
thickness of the shell 12, and the post 51 extends through the shell 12 in
the bore 21 to the cavity 33. This arranges the head end of the DTU 30
outside the shell 12, so that the display 52 can be observed. The head end
further has an antenna 54. The antenna 54 couples the DTU 30 to a
wireless data network, so that the mill operator’s computer can connect

with the DTU 30, the sensors 40-43, and the RFID tag 45.
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[0036]

[0037]

[0038]

Turning now to FIG. 8 a functional block diagram is illustrated of an
embodiment in accordance with the principles of the present invention.
The shell of the mill is illustrated in dashed line at 800. Included in shell
800 1s the mill cylindrical shell 12 and the mill conical heads at the feed
end and the discharge end. The plurality of liner assemblies 801a, 801b,
801c. .. 801n may each be arranged and configured in accordance with the
description of liner assembly 12 above. Further, each respective liner
assembly 80la — 801n preferably includes at least one corresponding
sensor 802a, 802b, 802¢. . . 802n and a corresponding transmitter 803a,
803b, 803c. . . 803n.

In one embodiment, each of the liner assemblies 801a-801n includes a
plurality of sensors, including an RFID sensor, an inclinometer, an
acoustic sensor, an inertial sensor and an ultrasonic sensor. However, it
will be appreciated that the number of sensors in each liner assembly
801a-801n may vary. For example, in connection with the liner
assemblies located on the mill conical heads, providing all of the sensors
in each liner assembly may not be useful and/or required. Thus, the
blocks 802a — 802n generally include from at least at least one sensor up

to several sensors.

Representative examples of sensors which may be used in connection
include the following. The accelerometer (inertial sensor) is a 3-axis
commercial device available under model number ADXL337
manufactured by Analog Devices of Norwood, Massachusetts. The
acoustic sensor is a sound impact sensor available under model number
Parallax 29132 of Parallax, Inc. of Rocklin, California. One data
transmitter which may be used as part of the DTU is available
commercially under the model number designation Photon in Particle’s
Internet of Things, San Francisco, California. Ultrasonic sensors for use as
non-destructive testing thickness gauges are available commercially from
many different manufacturers (e.g., Cygnus Instruments of Jacksonville,

Florida).

10
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[0039]

[0040)

[0041]

[0042)

A mill computer 806 is illustrated as including a receiver 807, processor
or CPU 808, and memory 809. The computer may be a personal computer
or a special purpose computer. A monitor and attendant user interface
devices, such as input devices (i.e., a mouse and keyboard) are shown at
block 820. The mill computer 806 and user interface 820 together
comprise the mill performance evaluation block identified by 805. For
example, the data received from the sensors 802a-802n may be compiled
into a spreadsheet in real time so that a user may review the data at the
mill performance block 805 and make adjustments to the operation of the
mill and/or to determine that one or more liner assemblies 801a-801n have
become thin or otherwise worn, and need to be replaced. A wear profile
for the liner assemblies 801a-801n is preferably determined such that the
user is able to identify from the data when a wear level is reached and
replacement is desired for any individual liner 801a-801n. Further, the
computer 806 is preferably connected to the mill operation block 814 so
that a user may adjust the operating parameters of the mill (i.e., such as
mill speed and ore feed rate, among others) based on the data received

from the various sensors 802a-802n.

Antenna 810 receives the data from the plurality of transmitters 803a-
803n. The antenna is connected to receiver 807. The plurality of over-
the-air signals is identified by the arrow 815. To store the data, the
computer 806 includes memory 809, as well as preferably being connected

to cloud storage 812 and/or server 813.

Computer 806 is further connected to RFID sensor 811. The RFID sensor
811 may be used to determine the location of the specific liner assembly
801 by scanning an RFID tag on the liner assembly during the installation
of the liner assembly within the mill 800. In this manner the location of
the liner assembly and its corresponding sensors are in a known (or
registered) location both within the mill 800 and in a position relative to

the other liner assemblies 801a-801n.

Next referring to FIG. 9, a flow chart illustrating the logical steps which
may be taken in operation is disclosed generally at 900. At block 901, the

11
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[0043]

[0044]

liner assemblies 10 are installed within the mill. In the event that it is the
initial installation of liner assemblies 10 in accordance with the principles
of the invention, then each of the liner assemblies 10 will be installed and
the specific position registered using an RFID sensor 811 and added to a
database, spreadsheet, or other information presentation array (referred to
for convenience as “database”) in computer 806. Thus, the RFID tag aids
in identifying from which liner assembly 10 the data provided by the
plurality of sensors 802a-802n is coming. After initial installation, the
comminution mill may be periodically stopped for replacement of liner
assemblies 10 that have reached the predetermined wear in thickness or
other predetermined wear profile. The replacement liner assemblies 10
also preferably include an RFID tag to aid in registering the location of

the specific liner within the mill.

At block 902, the mill is operated and the sensors 802a-802n provide data
to the respective DTU 30. At block 903, the DTUs 30 receive the data
from the sensors 802a-802n. The data may be stored in a temporary
fashion for batch transmission or may be transmitted in real-time. If batch
transmission is utilized, those of skill in the art will recognize that a
relatively shorter period of time between transmissions may be more
useful for an operator or user to review the sensed data via the mill
performance evaluation block 805. The data is transmitted from the DTUs
30 in a wireless fashion from transmitters 803a-803n to antenna 810. At
block 904, the CPU 808 moves the data from receiver 807 and updates the
database in memory 809. As data accumulates, the data may be stored in
cloud storage 812 or on server 813. In addition, by moving the data to one

or both of these areas, remote viewing of the data is enabled.

At block 905, the updated database is provided to the operator via user
interface 820. Based on the data from the various sensors, the user may
determine that a change in operation is desired or necessary. Further, the
data may indicate the one or more liner assemblies 10 should be replaced

— e.g., either because a wear profile has been reached and/or a sensor has

12
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stopped operating.
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Representative actions which may be taken by an

operator reviewing the data are provided in the following Table 1.

TABLE 1
SENSOR USE IF THEN
RFID Sensor RFID Tags are When liner is -Triggers log event

programmed with

installed

-Liner is entered

information into database
Liner is removed -Triggers log event
-Liner is updated in
database
-Liner lifecycle is
established
Inertial Sensor -Works with Large impacts are A) Mill speed
(Inclinometer and | acoustic sensor detected decreases
accelerometer) -Detects angular B) Ore feed rate
location increases
Acoustic Detect impact of Large impacts are A) Mill speed
grinding media detected decreases
B) Ore feed rate
increases
Ultrasonic Monitor mill liner Liner(s) become Liner(s) are changed
Transducer wear surface worn and/or reach a | to protect the mill

thickness

predetermined wear

profile

shell

[0045] As noted in the above Table 1, in the event that certain conditions arise,
then an action may be taken to increase the efficiency of the operation of
the mill. Further, the efficiency of keeping the mill in operation until

required replacement of liner assemblies 10 is also maximized.

[0046] An embodiment is fully and clearly described above so as to enable one

having skill in the art to understand, make, and use the same. Those

13
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[0047]

skilled in the art will recognize that modifications may be made to the
description above without departing from the spirit of the invention, and
that some embodiments include only those elements and features
described, or a subset thereof. To the extent that modifications do not
depart from the spirit of the invention, they are intended to be included

within the scope thereof.

It should be understood that even though numerous characteristics and
advantages of the present invention have been set forth in the foregoing
description, together with details of the structure and function of the
invention, the disclosure is illustrative only and changes may be made in
detail, especially in matters of the supporting hardware, components and
devices, and to the full extent indicated by the broad general meaning of

the terms in which the appended claims are expressed.
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CLAIMS

What is claimed is;

I. A liner assembly, of the type utilized as a wear item in the interior of a
comminution mill from the media and charge, comprising:
a) a body having a length, width, and depth, the body located within the
comminution mill and further having a first and a second void formed in
a portion of the body;
b) an ultrasonic sensor located in the first void in the body, the ultrasonic
sensor arranged and configured to measure a change in the depth of the
body;
c) an acoustic sensor located in the second void, the acoustic sensor
arranged and configured to generate a signal indicative of the number of
strikes on the body from the media and charge during operation of the
comminution mill; and
d) a data transmission unit operatively connected to the ultrasonic sensor
and the acoustic sensor, located external to the comminution mill, and
receiving data on the change of depth of the body and number of strikes

on the body for subsequent transmission.

2. The liner assembly of any one of the preceding claims, further including an
accelerometer sensor located in a void in the body, the accelerometer sensor
arranged and configured to generate a signal indicative of the intensity of
strikes on the body from the media and charge during operation of the

comminution mill.

3. The liner assembly of any one of the preceding claims, further including an
inertial sensor located in a void in the body and configured to generate a signal
indicative of the relative position of the body within the comminution mill

during operation of the comminution mill.

4. The liner assembly of any one of the preceding claims, wherein the liner
assembly further includes an RFID tag, whereby the location of the body
within the comminution mill may be registered upon installation of the body

within the mill.
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5. The liner assembly of any one of the preceding claims, further including:

1) an accelerometer sensor for generating a signal indicative of the intensity
of strikes on the body from the media and charge during operation of the
comminution mill;

i1) an inertial sensor for generating a signal indicative of the relative
position of the body within the comminution mill during operation of the
comminution mill; and

ii1) an RFID tag, whereby the location of the body within the comminution

mill may be registered upon installation of the body within the mill.

6. The liner assembly of any one of the preceding claims, wherein the data

transmission unit further includes a portion that extends at least partly within

the body.

7. A system for monitoring the operation of a comminution mill, comprising:
a) a plurality of liner assemblies, the liner assemblies located within the
comminution mill in a known position;

b) a plurality of sensors, wherein each liner assembly includes a
corresponding pair of sensors, the pair of sensors configured to monitor
and output a first signal for a wear parameter and a second signal for at
least one of the following parameters: the number of strikes on the
corresponding liner assembly from media and charge during operation of
the comminution mill, the intensity of the strikes, and the relative position
of the corresponding liner assembly within the comminution mill, within
the corresponding liner assembly; and

c) a plurality of transmitters each operatively receiving the output first and
second signals from a corresponding pair of sensors, the plurality of
transmitters transmitting the first and second signals for comparison to

predetermined reference values.

8. The system of claim 7, wherein one of the sensors of each pair of sensors is

an ultrasonic sensor.
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9. The system of claim 7 or 8, further comprising: a receiver for receiving the
transmitted signals, a memory for storing predetermined reference values, and
a processor for comparing the received first signals to the predetermined

reference values.

10. The system of claim 9, further comprising a plurality of RFID tags having
a unique identifier, where the individual RFID tags are associated with
corresponding liner assemblies, and where the RFID tag unique identifier is
transmitted with the first and second signals, whereby the reference values are

associated to corresponding liner assemblies.

11. The system of claim 10, wherein one or more additional sensors are
included in each of the liner assemblies and generate third signals
representative of mill operation parameters, the additional sensors selected

from the group: inertial, accelerometer, inclinometer, and acoustic.

12. The system of claim 11, wherein the third signals are transmitted to the
receiver and provided by the processor to a display device, wherein operation
of the mill may be reviewed based on the first, second, and third signal

parameters in real time and changes to the operation of the mill may be made.

13. The system of claim 12, further including providing the first, second and

third signals to a remote location.

14. A method for determining the timing for replacement of a liner assembly
within a comminution mill, comprising:
a) placing an ultrasonic sensor for measuring a wear profile within a
liner assembly, the sensor being located completely within a void formed
in the liner assembly;
b) registering the position of the liner assembly within the comminution
mill using an RFID tag during installation, the RFID tag including unique
identification information, whereby the position of the sensor withing the
comminution mill is also known; and
c) monitoring the output of the ultrasonic sensor to determine an

appropriate time to replace the liner assembly based on the wear profile.
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15. The method of claim 14, further comprising transmitting the output of the
ultrasonic sensor to a computer for comparison to a stored predetermined wear

profile.

18



PCT/US2019/037470

WO 2019/245961

17

FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 2019/245961 PCT/US2019/037470

2/7

FIG. 2

SUBSTITUTE SHEET (RULE 26)



WO 2019/245961

317

PCT/US2019/037470

SUBSTITUTE SHEET (RULE 26)

FIG. 3D



WO 2019/245961 PCT/US2019/037470

47

FIG.5

\\\
<
\\ 1
s O
LL
-
A=

\q

SUBSTITUTE SHEET (RULE 26)



WO 2019/245961

PCT/US2019/037470

5/7
©
o
LL
o
™ ©
T -
/ y
=
f!ﬁ

FIG.7

~ O
O™

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/037470

WO 2019/245961

6/7

aoepa)y|
198

\-0z8

N\

Jgyndwo (|1

608
\

808
\

108
\

\

fiowsp

\

Ndd

\

JENEREN

8 "Old

obelo)g
N, Pnog

~Z18

908

10SU8S
a4y

118

uonesado (1A

v18

SUBSTITUTE SHEET (RULE 26)

UE08  ~UZO8  ~ULO8 |

u u u m
Jajjwsuel] | |JosusS| | Jeur | |
¢ ¢ o | |
Jojjiwisuel] | |dosusg| | Jeur | |
\“-0€08  -9Z08 9108 |

q a4 L q |
Japiwsues] | 1iosusg | deury | |
\agog  “-dz08 -dL08 |

e e e | |
Jojjwsues] | {iosusg | Jeur | |
\-ec0g  “-eZ08 -EL08 |
......................................... \-008



WO 2019/245961 PCT/US2019/037470
1717
900~

901~

Establish Location of Liner Within the Mill and Enter Location into Database

902~ l

Operate and Collect Sensor Data

903~ L J
Sensor Data Provided to Transmitter and Subsequent Wireless
Transmission To Receiver
904~ v
Update Database
905~ v

Review Data for Necessary or Desired Changes to Operation of the Mill

FIG.9

SUBSTITUTE SHEET (RULE 26)



	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

