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METHODS AND APPARATUS TO TEST ACOUSTIC EMISSION
SENSORS

FIELD OF THE DISCLOSURE
[0001] This disclosure relates generally to acoustic emission sensors and, more

particularly, to methods and apparatus to test acoustic emission Sensors.

BACKGROUND

[0002] Acoustic emission sensors are applied in various industries to monitor an
operational status of a device (e.g., a valve or other process control device) to which an
acoustic emission sensor 1s coupled. In these applications, 1t 1s important to know whether the
acoustic emission sensor 18 functioning properly and acoustically coupled to the monitored
device to ensure that the measurements from the acoustic emission sensor are precise and/or
accurate. One known method of testing the functionality of an acoustic emission sensor
referred to as a pencil lead break test involves an operator or technician breaking lead from a
mechanical pencil adjacent the acoustic emission sensor. Another known test involves using
piezoelectric sensors 1n reciprocity mode (1.e., using the piezoelectric sensors as pulse
emitters instead of receivers). However, these known tests do not meet the reproducibility
and/or practical implementation requirements needed to properly assess the acoustic emission
sensor and can cause an operator or technician to improperly assess the functionality of the

acoustic emission sensor.
SUMMARY

[0003] An example apparatus includes a process control device, an acoustic emission
sensor coupled to the process control device, where the acoustic emission sensor detects an
operational condition of the process control device, and a piezoelectric tuning fork
acoustically coupled to the acoustic emission sensor to test an operational condition of the

acoustic emission Sensor.

[0004] An example method includes providing an electrical signal to a piezoelectric tuning
fork to cause the piezoelectric tuning fork to produce an acoustic signal, measuring, using an

acoustic emission sensor, the acoustic signal, and comparing the measured acoustic signal to
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data representing a reference acoustic signal to determine a deviation between the measured

acoustic signal and the reference acoustic signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 1s a diagram of an example apparatus that may be implemented to test an

operational condition of an acoustic emission sensor.

[0006] FIG. 2 depicts an example flowchart representative of a method that may be used to

implement the example apparatus described herein.

[0007] FIG. 3 1s a diagram of a processor platform to execute instructions to implement the

method of FIG. 2 and/or the example apparatus described herein.

[0008] The figures are not to scale. Wherever possible, the same reference numbers will be
used throughout the drawing(s) and accompanying written description to refer to the same or

like parts.

DETAILED DESCRIPTION

[0009] The apparatus and methods described herein can be used 1n a process control
system to test an operational condition of an acoustic emission sensor coupled to a process
control device within the process control system. More specifically, the apparatus and
methods described herein include a piezoelectric tuning fork coupled to the process control
device adjacent the acoustic emission sensor. The piezoelectric tuning fork 1s operative to
emit an acoustic signal to check the functionality of the acoustic emission sensor via a
controller that compares a measured acoustic signal to a reference acoustic signal (e.g., an
acoustic signal representative of a known good operational condition of the acoustic emission
sensor). Thus, the disclosed apparatus and methods may be used to test an acoustic emission
sensor to determine the operational condition of the acoustic emission sensor. For example,
the disclosed methods and apparatus may be used to determine if the acoustic emission sensor
1s functioning and properly acoustically coupled to the process control device. Additionally,
the disclosed methods and apparatus may indicate 1f the remainder of the acoustic
measurement chain (e.g., a data acquisition system, the piezoelectric tuning fork, cables

and/or other communication devices and systems, etc.) are functioning properly.
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[0010] In some examples, the acoustic emission sensor monitors an operational condition
of a process control device by measuring acoustic emissions from the process control device.
Specifically, a piezoelectric tuning fork may be acoustically coupled adjacent the acoustic
emission sensor so that the acoustic emission sensor can measure an acoustic signal output by
the piezoelectric tuning fork. For example, coupling the piezoelectric tuning fork to the
process control device adjacent to the acoustic emission sensor creates an acoustic path
between the piezoelectric tuning fork and the acoustic emission sensor. In some such
examples, a controller or operator workstation determines an operational condition of the
acoustic emission sensor by comparing an acoustic signal measured by the acoustic emission
sensor to a reference acoustic signal. If the measured acoustic signal 1s within a threshold
range of the reference acoustic signal, the acoustic emission sensor 18 operational and
properly acoustically coupled to the process control device. Alternatively, 1f the measured
acoustic sensor 18 not within the threshold range of the reference acoustic signal (1.e., a
change occurred in the measured acoustic signal), the acoustic emission sensor 1s either not
properly coupled to the process control device or otherwise not functioning properly. In such
examples, an alert may be sent to an operator (e.g., via an operator workstation) to indicate

that the acoustic emission sensor 1s not operational or operating properly.

[0011] FIG. 1 1s a diagram of an example apparatus 100 that may be implemented to test
an operational condition of an acoustic emission sensor 102. The acoustic emission sensor
102 may be, for example, a commercially available acoustic emission sensor 102 (e.g., a
Vallen Systeme acoustic emission sensor). In some examples, the acoustic emission sensor
102 1ncludes a housing 104 and a piezoelectric element 106 disposed in and/or at least
partially surrounded by the housing 104. The acoustic emission sensor 102 measures acoustic
signals and transmits the measured acoustic signals using an analog communication interface.
The piezoelectric element 106 may be operative to detect mechanical movement resulting
from an acoustic signal. For example, the piezoelectric element 106 of the acoustic emission
sensor 102, which may be coupled to a valve or pipe, 1s operative to detect leaks in the valve
or pipe. The example acoustic emission sensor 102 also includes a wear plate 108 coupled to
the housing 104. The wear plate 108 1s at least partially surrounded by the housing 104 and
protects (e.g., prevents damage to) the piezoelectric element 106. In some examples, other
components (e.g., an electrode, damping material, etc.) may also be disposed within the

housing 104.
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[0012]  The example apparatus 100 includes an example process control device 110, which
may be a valve, a pipe, or any other process control device. The acoustic emission sensor 102
1s coupled to a surface 111 of the process control device 110 and 1s operative to detect leaks
in the process control device 110 (e.g., a valve or a pipe), monitor the structural health of the
process control device 110, and detect any other events and/or operational conditions related
to the process control device 110. The acoustic emission sensor 102 1s coupled to the surface
111 via the wear plate 108. To facilitate acoustic coupling, the acoustic emission sensor 102
may be coupled to the surface 111 of the process control device 110 using a coupling agent or
layer 112 such as, for example, a liquid, a gel, or any other suitable coupling agent operative
to acoustically couple the acoustic emission sensor 102 to the surface 111 of the process
control device 110. Using a liquid or gel as the coupling layer 112 improves the acoustic
coupling of the acoustic emission sensor 102 to the process control device 110 by decreasing
the amount of air gaps that would otherwise occur between the wear plate 108 and the surface
111 of the process control device 110. Alternatively, the coupling agent or layer 112 may
include a glue or partial glue-filler combination capable of providing stable acoustic coupling

for long term use.

[0013] In the 1llustrated example apparatus 100, a piezoelectric tuning fork 114 1s coupled
to the process control device 110. The piezoelectric tuning fork 114 may be a quartz tuning
fork (e.g., a quartz resonator) having a high quality (Q) factor. In the example apparatus 100
described herein, the piezoelectric tuning fork 114 1s coupled to the surface 111 of the
process control device 110 adjacent the acoustic emission sensor 102. In some examples, the
piezoelectric tuning fork 114 1s coupled to the process control device 110 via another
coupling agent or layer 115 (e.g., a liquid or gel) similar to the coupling agent or layer 112
used to couple the acoustic emission sensor 102 to the process control device 110. Coupling
the piezoelectric tuning fork 114 to the surface 111 of the process control device 110 adjacent
to the acoustic emission sensor 102 creates an acoustic path between the piezoelectric tuning
fork 114 and the acoustic emission sensor 102. For example, the acoustic signal output by the
piezoelectric tuning fork 114 can readily propagate to the acoustic emission sensor 102 via
the surface 111 of the process control device 110. In some examples, the type of coupling
agent or layer 112, 115 used to couple the acoustic emission sensor 102 and/or the
piezoelectric tuning fork 114 to the surface 111 of the process control device 110 affects the

quality of the acoustic path. Alternatively, the acoustic emission sensor 102 and/or the
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piezoelectric tuning fork 114 may be coupled to the process control device 110 without a
coupling agent or layer 112, 115 using, for example, a mechanical fastener, a magnetic

coupling, etc.

[0014] The illustrated example apparatus 100 also includes an example controller 116. The
controller 116 1s operatively coupled to the piezoelectric tuning fork 114 to provide an
electrical signal (e.g., a voltage signal) to the piezoelectric tuning fork 114. The electrical
signal (e.g., the voltage signal) 1s provided (e.g., transmitted) to the piezoelectric tuning fork
114 to produce a specific acoustic output signal. The electrical signal causes the piezoelectric
tuning fork 114 to produce an acoustic signal detectable by the acoustic emission sensor 102.
In such examples, the acoustic emission sensor 102 measures the acoustic signal output by
the piezoelectric tuning fork 114. The acoustic emission sensor 102 may transmit the
measured acoustic signal to the controller 116 and/or a second controller (e.g., a data
acquisition system). The example controller 116 and/or the second controller may be
operative to store data (e.g., measured acoustic signals). Additionally or alternatively, the
data may be stored on a network storage device to facilitate remote access. In some examples,
the electrical signal (e.g., input voltage signal sent to the piezoelectric tuning fork 114) may
be varied to produce different, corresponding acoustic signals (e.g., output acoustic signals
from the piezoelectric tuning fork 114). The expected acoustic signal output by the
piezoelectric tuning fork 114 1s determined based on the electrical signal provided to the
piezoelectric tuning fork 114. For example, data associating the electrical signals with
acoustic signals output by the piezoelectric tuning fork 114 are stored in a database. In some
examples, the data are organized 1n a table, a chart, a graph, etc. The data may include
acoustic reference signals corresponding to the electrical signals and/or the expected acoustic
signals output by the piezoelectric tuning fork 114. Additionally, the data may be accessed
remotely from an operator workstation such as, for example, an example operator work

station 118 described below.

[0015] Electrical signals may be communicated to the piezoelectric tuning fork 114 via any
suitable wired or wireless connection. In some examples, the electrical signal (e.g., electrical
input) 1s provided over the same connection used to connect the acoustic emission sensor 102
to the database (e.g., to a data logging system). Alternatively, any other suitable means of

communicating an electrical signal to the piezoelectric tuning fork 114 may be implemented



CA 03009358 2018-06-20

WO 2017/123567 PCT/US2017/012904

instead. In some examples, the controller 116 1s also communicatively coupled to the process

control device 110 via any suitable wired or wireless connection.

[0016] In some examples, the example apparatus 100 includes the operator workstation
118. The operator workstation 118 may be operatively coupled to the controller 116 and/or
the acoustic emission sensor 102. In some examples, the operator workstation 118
communicates with the controller 116, the acoustic emission sensor 102, and/or any other
controllers or data acquisition systems via a wired or wireless communication protocol. For
example, the operator workstation 118 may be remotely located (e.g., from a different
location miles away) from the controller 116, the acoustic emission sensor 102, and/or any
other controllers and may communicate via a wireless protocol to access data, trigger a check
of the acoustic emissions sensor 102, and/or perform diagnostic tests if any inconsistencies
are detected within the system. The example acoustic emission sensor 102 may transmit
measured acoustic signal data using an analog signal. Alternatively, any other suitable form
of wired or wireless communication (e.g., analog or digital) may be used. The electrical
signal provided to the piezoelectric tuning fork 114 may be designated by an operator via the
operator workstation 118 and/or the controller 116. For example, the operator may designate
a magnitude and/or frequency of the voltage of the electrical signal sent to the piezoelectric
tuning fork 114. Additionally, the operator may designate a time at which to send the

electrical signal to the piezoelectric tuning fork 114.

[0017] In some examples, the operator designates the times at which the electrical signal
1s sent to the piezoelectric tuning fork 114 via the operator workstation 118 by defining a
testing schedule. Alternatively, the operator can manually send an electrical signal to the
piezoelectric tuning fork 114 (e.g., send an electrical signal on demand) via the operator
workstation 118 and/or the controller 116 when the acoustic emission sensor 102 1s to be
tested. The operator may use the operator workstation 118 to create a test schedule to be
followed by the controller 116. In some examples, the test schedule indicates a specific time
each day at which the controller 116 1s to send an electrical signal to the piezoelectric tuning
fork 114. In this manner, the electrical signal 1s transmitted to the piezoelectric tuning fork
114 at the designated time(s) (e.g., the scheduled time(s)) without further input from the
operator. In some examples, the schedule indicates that a test of the acoustic emission sensor
102 1s performed on a weekly, monthly, or yearly basis. A test and/or measurement of an

acoustic signal received by the acoustic emissions sensor may also be triggered by an event 1in
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the process control system such as, for example, a valve closing. Transmitting the electrical
signal to the piezoelectric tuning fork 114 may include transmitting electrical pulses for a
time period specified by an operator. Alternatively, the operator commands the controller 116
to continuously provide the piezoelectric tuning fork 114 with an electrical signal. In such
examples, the operator may designate a stop time or provide the piezoelectric tuning fork 114
with an electrical signal (e.g., continuously) until the operator instructs the controller 116 to

stop.

[0018] The acoustic signal measured by the acoustic emission sensor 102 (e.g., the
measured acoustic signal) 1s compared to data representing a reference acoustic signal. The
data representing a reference acoustic signal may be stored 1n, for example, a table, a chart, or
a graph that indicates the expected acoustic signal output by the piezoelectric tuning fork 114
for each possible electrical signal sent to the piezoelectric tuning fork 114. In some examples,
the reference acoustic signal 1s a previous signal (e.g., an 1nitial signal, an original signal) that
was output by the piezoelectric tuning fork 114 and measured by the acoustic emission sensor
102. Alternatively, the reference acoustic signal may be equivalent to the acoustic signal
output by the piezoelectric tuning fork 114. A deviation between the measured acoustic signal
and the reference acoustic signal 1s determined based on a comparison between the measured
acoustic signal and the data representing the reference acoustic signal. In some examples, the
deviation 1s determined by comparing the values of the amplitudes of the reference signal and
the measured acoustic signal. The deviation may be represented as a numerical value
equivalent to the difference between the two amplitudes or as a percentage difference

between the measured acoustic signal and the reference acoustic signal.

[0019] A functionality or operational condition of the acoustic emission sensor 102 may be
determined or assessed based on the deviation between the measured acoustic signal and the
reference acoustic signal. The deviation between the measured acoustic signal and the
reference acoustic signal may indicate a preciseness of measurements from the acoustic
emission sensor 102 and/or the functionality of the acoustic emission sensor 102. For
example, if the deviation between the measured acoustic signal and the reference acoustic
signal 1s greater than a threshold, the acoustic emission sensor 102 may need maintenance,
repair or replacement. The acoustic emission sensor 102 may be designated as not functional
if the difference between the measured acoustic signal and the reference acoustic signal 1s

more than a certain percentage (e.g., S%). An alert or alarm may be displayed via the operator
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workstation 118 indicating that the acoustic emission sensor 102 1s malfunctioning. If the
difference between the measured acoustic signal and the reference acoustic signal 1s below
the threshold, the acoustic emission sensor 102 may be considered to be functioning properly
and does not require repair or replacement. An appropriate message may be transmitted to the

operator workstation 118 indicating the operational condition of the acoustic emission sensor

102.

[0020] In some examples, the acoustic signal data measured by the acoustic emission
sensor 102 1s filtered to improve detection of the acoustic signal by the acoustic emission
sensor 102. An example filtering technique uses the high quality (Q) factor and narrow band
typical of piezoelectric tuning forks to easily filter the acoustic signal from the piezoelectric
tuning fork 114 from background acoustic signals and/or vibrations. For example, because
the piezoelectric tuning fork 114 has a high Q factor and narrow band, the amplitude of the
measured frequency 1s large with respect to background noise and the piezoelectric tuning
fork 114 operates within a narrow band (e.g., range) of frequencies. Thus, due to the high
amplitude and narrow band of the frequencies, the signal from the piezoelectric tuning fork 1s
casily discerned with a filter. In some examples, a quality factor 1s used to determine how
well the acoustic emission sensor 102 and/or the piezoelectric tuning fork 114 are
acoustically coupled to the process control device 110. The quality factor 1s a ratio of energy
stored within the piezoelectric tuning fork 114 as mechanical vibration to the energy
dissipated by the piezoelectric tuning fork 114, which indicates the amount of damping of the
piezoelectric tuning fork 114. For example, a piezoelectric tuning fork 114 with a high Q
factor has low damping and a lower rate of energy loss. The Q factor may indicate a quality
of the acoustic coupling between the process control device and the piezoelectric tuning fork
114 and/or the acoustic emission sensor 102. For example, 1f the Q factor shifts from a low Q
factor to a high Q factor, the coupling between the process control device and the

piezoelectric tuning fork 114 and/or the acoustic emission sensor 102 may be considered

poor.

[0021] In some examples, the acoustic signal generated by the piezoelectric tuning fork
114 1s increased by partially or fully immersing the piezoelectric tuning fork 114 1n a fluid.
For example, the housing of the piezoelectric tuning fork 114 containing the quartz crystal 1s
filled with fluid to modity the characteristics of the quartz crystal. The viscosity of the fluid

may be selected to increase the acoustic signal output by the piezoelectric tuning fork 114
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such that the acoustic emission sensor 102 can detect the acoustic signal. Alternatively, the
viscosity of the fluid 1s determined based on a coupling constant of the piezoelectric tuning
fork 114 (e.g., an elastic constant related to coupling between the tines of the piezoelectric
tuning fork 114) and/or an acoustic wave generation efficiency (e.g., wave generation with
minimal dissipation of the acoustic signals from the piezoelectric tuning fork 114 due to
direct heat or non-propagating vibration). For example, the viscosity of the fluid 1s selected to
maximize the acoustic wave generation efficiency (e.g., the energy actually being transmitted
to the acoustic emission sensor 102). The viscosity of the selected fluid may be any
appropriate viscosity to maximize the acoustic wave generation efficiency. In some
examples, inefficient acoustic waves are the result of energy loss (e.g., heat energy loss, non-
propagating vibration) from the piezoelectric tuning fork 114. The acoustic wave generation
efficiency may be determined to estimate the amount of acoustic energy traveling to the

acoustic emission sensor 102 from the piezoelectric tuning fork 114.

[0022] While an example manner of implementing the example apparatus 100 1s 1llustrated
in FIG. 1, one or more of the elements, processes and/or devices illustrated in FIG. 1 may be
combined, divided, re-arranged, omitted, eliminated and/or implemented 1n any other

way. Further, the example acoustic emission sensor 102, the example piezoelectric tuning
fork 114, the example controller 116, and the example operator workstation 118 may be
implemented by hardware, software, firmware and/or any combination of hardware, software
and/or firmware. Thus, for example, any of the example acoustic emission sensor 102, the
example piezoelectric tuning fork 114, the example controller 116, and the example operator
workstation 118 could be implemented by one or more analog or digital circuit(s), logic
circuits, programmable processor(s), application specific integrated circuit(s) (ASIC(s)),
programmable logic device(s) (PLD(s)) and/or field programmable logic device(s)
(FPLD(s)). When reading any of the apparatus or system claims of this patent to cover a
purely software and/or firmware implementation, at least one of the example acoustic
emission sensor 102, the example piezoelectric tuning fork 114, the example controller 116,
and the example operator workstation 118 1s/are hereby expressly defined to include a
tangible computer readable storage device or storage disk such as a memory, a digital
versatile disk (DVD), a compact disk (CD), a Blu-ray disk, etc. storing the software and/or
firmware. Further still, the example apparatus 100 of FIG. 1 may include one or more

clements, processes and/or devices 1n addition to, or instead of, those 1llustrated 1n FIG. 1,
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and/or may include more than one of any or all of the 1llustrated elements, processes and

devices.

[0023] A flowchart representative of an example method to implement apparatus 100 of
FIG. 1 1s shown in FIG. 2. In this example, the method may be implemented using, the
machine readable instructions that comprise a program for execution by a processor such as
the processor 312 shown 1n the example processor platform 300 discussed below 1n
connection with FIG. 3. The program may be embodied 1n software stored on a tangible
computer readable storage medium such as a CD-ROM, a floppy disk, a hard drive, a digital
versatile disk (DVD), a Blu-ray disk, or a memory associated with the processor 312, but the
entire program and/or parts thereof could alternatively be executed by a device other than the
processor 312 and/or embodied in firmware or dedicated hardware. Further, although the
example program 1s described with reference to the flowchart illustrated in FIG. 3, many
other methods of implementing the example apparatus 100 may alternatively be used. For
example, the order of execution of the blocks may be changed, and/or some of the blocks

described may be changed, eliminated, or combined.

[0024] As mentioned above, the example method of FIG. 2 may be implemented using
coded 1nstructions (e.g., computer and/or machine readable 1nstructions) stored on a tangible
computer readable storage medium such as a hard disk drive, a flash memory, a read-only
memory (ROM), a compact disk (CD), a digital versatile disk (DVD), a cache, a random-
access memory (RAM) and/or any other storage device or storage disk in which information
1s stored for any duration (e.g., for extended time periods, permanently, for brief instances,
for temporarily buffering, and/or for caching of the information). As used herein, the term
tangible computer readable storage medium 1s expressly defined to include any type of
computer readable storage device and/or storage disk and to exclude propagating signals and
transmission media. As used herein, "tangible computer readable storage medium" and
"tangible machine readable storage medium” are used interchangeably. Additionally or
alternatively, the example method of FIG. 2 may be implemented using coded instructions
(e.g., computer and/or machine readable 1nstructions) stored on a non-transitory computer
and/or machine readable medium such as a hard disk drive, a flash memory, a read-only
memory, a compact disk, a digital versatile disk, a cache, a random-access memory and/or
any other storage device or storage disk in which information 1s stored for any duration (e.g.,

for extended time periods, permanently, for brief instances, for temporarily butfering, and/or

10
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for caching of the information). As used herein, the term non-transitory computer readable
medium 1s expressly defined to include any type of computer readable storage device and/or
storage disk and to exclude propagating signals and transmission media. As used herein,
when the phrase "at least” 1s used as the transition term 1n a preamble of a claim, 1t 1s open-

ended 1n the same manner as the term "comprising” 1s open ended.

[0025] The example method 200 of FIG. 2 begins when a voltage signal 1s transmitted to
the piezoelectric tuning fork 114 from the controller 116 and/or the operator workstation to
create an acoustic output signal from the piezoelectric tuning fork 114 (block 202). The
acoustic output from the piezoelectric tuning fork 114 1s measured using the acoustic
emission sensor 102 (block 204). The acoustic signal measured by the acoustic emission
sensor 102 and the acoustic signal output by the piezoelectric tuning tork 114 are compared
to determine a deviation between the two acoustic signals (block 206). It the deviation of the
acoustic signal 1s greater than a threshold (block 208), a diagnostic message (e.g., an alarm) 18
sent to the operator via the operator workstation 118 to indicate an operational condition of
the acoustic emission sensor 102 (e.g., not functioning properly) (block 210). If the deviation
1s not greater than the threshold (block 208), a message may be sent to the operator
workstation 118 indicating that the acoustic emission sensor 102 1s functioning properly
(block 212). The controller 116 then determines whether or not to repeat a test based on an
input from the operator and/or a testing schedule (block 214). If the test 1s repeated, the

control returns to block 202.

[0026] FIG. 3 1s a block diagram of an example processor platform 300 capable of
executing instructions to implement the method of FIG. 2 and the apparatus 100 of FIG. 1.
The processor platform 300 can be, for example, a server, a personal computer, a mobile
device (e.g., a cell phone, a smart phone, a tablet such as an iPad ' "), a personal digital
assistant (PDA), an Internet appliance, a DVD player, a CD player, a digital video recorder, a
Blu-ray player, a gaming console, a personal video recorder, a set top box, or any other type

of computing device.

[0027] The processor platform 300 of the illustrated example includes a processor 312.
The processor 312 of the illustrated example 1s hardware. For example, the processor 312
can be implemented by one or more integrated circuits, logic circuits, microprocessors or

controllers from any desired family or manufacturer.
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[0028] The processor 312 of the illustrated example includes a local memory 313 (e.g., a
cache). The processor 312 of the 1llustrated example 1s 1n communication with a main
memory including a volatile memory 314 and a non-volatile memory 316 via a bus 318. The
volatile memory 314 may be implemented by Synchronous Dynamic Random Access
Memory (SDRAM), Dynamic Random Access Memory (DRAM), RAMBUS Dynamic
Random Access Memory (RDRAM) and/or any other type of random access memory device.
The non-volatile memory 316 may be implemented by flash memory and/or any other desired
type of memory device. Access to the main memory 314, 316 1s controlled by a memory

controller.

[0029] The processor platform 300 of the 1llustrated example also includes an interface
circuit 320. The intertace circuit 320 may be implemented by any type of interface standard,

such as an Ethernet interface, a universal serial bus (USB), and/or a PCI express interface.

[0030] In the illustrated example, one or more input devices 1022 are connected to the
interface circuit 320. The input device(s) 322 permit(s) a user to enter data and commands
into the processor 312. The input device(s) can be implemented by, for example, an audio
sensor, a microphone, a camera (still or video), a keyboard, a button, a mouse, a touchscreen,

a track-pad, a trackball, 1sopoint and/or a voice recognition system.

[0031] One or more output devices 324 are also connected to the interface circuit 320 of
the 1llustrated example. The output devices 324 can be implemented, for example, by display
devices (e.g., a light emitting diode (LED), an organic light emitting diode (OLED), a liquid
crystal display, a cathode ray tube display (CRT), a touchscreen, a tactile output device, a
light emitting diode (LED), a printer and/or speakers). The interface circuit 320 of the
illustrated example, thus, typically includes a graphics driver card, a graphics driver chip or a

graphics driver processor.

[0032] The interface circuit 320 of the illustrated example also includes a communication
device such as a transmitter, a receiver, a transceiver, a modem and/or network intertace card
to facilitate exchange of data with external machines (e.g., computing devices of any kind)
via a network 326 (e.g., an Ethernet connection, a digital subscriber line (DSL), a telephone

line, coaxial cable, a cellular telephone system, etc.).

[0033] The processor platform 300 of the 1llustrated example also includes one or more

mass storage devices 328 for storing software and/or data. Examples of such mass storage
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devices 328 include floppy disk drives, hard drive disks, compact disk drives, Blu-ray disk
drives, RAID systems, and digital versatile disk (DVD) drives.

[0034] Coded instructions 332 to implement the method of FIG. 2 may be stored in the
mass storage device 328, 1in the volatile memory 314, in the non-volatile memory 316, and/or

on a removable tangible computer readable storage medium such as a CD or DVD

[0035] From the foregoing, it will be appreciated that the above disclosed methods,
apparatus and articles of manufacture enable an operator to obtain consistent test results of an
acoustic emission sensor 102 using a testing apparatus (e.g., the piezoelectric tuning fork

114) that can be controlled remotely (e.g., from the operator workstation 118).

[0036] Although certain example methods, apparatus and articles of manufacture have
been disclosed herein, the scope of coverage of this patent 1s not limited thereto. On the
contrary, this patent covers all methods, apparatus and articles of manufacture fairly falling

within the scope of the claims of this patent.
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What Is Claimed Is:
1. An apparatus comprising:

a process control device;

an acoustic emission sensor coupled to the process control device, wherein the
acoustic emission sensor detects an operational condition of the process control device; and

a piezoelectric tuning fork acoustically coupled to the acoustic emission sensor to test
an operational condition of the acoustic emission sensor.

2. The apparatus of claim 1, further including a controller operatively coupled to the
piezoelectric tuning fork to provide an electrical signal to the piezoelectric tuning fork to
cause the piezoelectric tuning fork to produce an acoustic signal detectable by the acoustic
€m1sS10n Sensor.

3. The apparatus of any of the preceding claims, wherein the acoustic emission sensor
includes a wear plate coupled to a surface of the process control device to provide an acoustic
path between the process control device and the acoustic emission sensor.

4. 'The apparatus of any of the preceding claims, wherein the wear plate 1s coupled to the
surface of the process control device via a liquid or gel.

>. The apparatus of any of the preceding claims, wherein the wear plate 1s coupled to the
surface of the process control device using a glue or partial glue-filler.

6. The apparatus of any of the preceding claims, wherein the piezoelectric tuning fork 1s
coupled to the surface of the process control device adjacent the wear plate to provide an
acoustic path between the piezoelectric tuning fork and the acoustic emission sensor.

7. A method comprising:

providing an electrical signal to a piezoelectric tuning fork to cause the piezoelectric

tuning fork to produce an acoustic signal;
measuring, using an acoustic emission sensor, the acoustic signal; and
comparing the measured acoustic signal to data representing a reference acoustic

signal to determine a deviation between the measured acoustic signal and the reference

acoustic signal.

8. The method of claim 7, further including determining a functionality of the acoustic

emission sensor based on the deviation between the measured acoustic signal and the

reference acoustic signal.

9. The method of any of the preceding claims, further including transmitting a message

to an operator indicating the functionality of the acoustic emission sensor.
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10. The method of any of the preceding claims, wherein transmitting the electrical signal
to the piezoelectric tuning fork includes input from an operator.

11. The method of any of the preceding claims, wherein transmitting the electrical signal
to the piezoelectric tuning fork occurs at a scheduled time.

12. The method of any of the preceding claims, wherein transmitting the electrical signal
to the piezoelectric tuning fork includes transmitting electrical pulses for a time period
specified by an operator.

13. The method of any of the preceding claims, further comprising comparing the
deviation between the measured acoustic signal and the reference acoustic signal to a
threshold value.

14. The method of any of the preceding claims, further including indicating the acoustic
emission sensor 1s functional if the deviation 1s less than the threshold and otherwise
indicating that the acoustic emission sensor 1s not functional and needs to be repaired or
replaced.

15. The method of any of the preceding claims, further including coupling the acoustic
emission sensor to a process control device and acoustically coupling the piezoelectric tuning
fork to the acoustic emission sensor.

16. The method of any of the preceding claims, wherein the piezoelectric tuning fork 1s
coupled to the process control device.

17. An apparatus comprising:

means for measuring acoustic emissions, wherein the means for measuring acoustic
emissions 1s coupled to a device to detect irregularities related to an operation of the device;
and

means for emitting an acoustic signal operatively coupled to the means for measuring
acoustic emissions, the means for emitting an acoustic signal to receive an electrical signal
from a user and output the acoustic signal.

18. The apparatus of claim 17, further including means for controlling coupled to the
means for emitting an acoustic signal, the means for controlling to provide the electrical
signal to the means for emitting an acoustic signal.

19. The apparatus of any of the preceding claims, further including means for coupling
the means for measuring acoustic emissions to the device, the means for coupling to provide

an acoustic path between the device and the means for measuring acoustic emissions.

15



CA 03009358 2018-06-20

WO 2017/123567 PCT/US2017/012904

20. The apparatus of any of the preceding claims, wherein the means for emitting an
acoustic signal 1s acoustically coupled to the means for coupling to provide an acoustic path

between the means for emitting an acoustic signal and the means for measuring acoustic

emissions.
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