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(57) ABSTRACT

Methods and apparatus for acoustic fluid valve calibration are
disclosed herein. An example method involves rotating a
closure member of a valve to a involves rotating a closure
member of a valve to a plurality of positions along a valve
stroke, obtaining acoustic emission signals generated by a
fluid passing through the valve using a sensor when the clo-
sure member is in the positions, and identifying, using a
processor, a zero position of the closure member based on the
acoustic emission signals.
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ACOUSTIC FLUID VALVE CALIBRATION

FIELD OF THE DISCLOSURE

[0001] The disclosure relates generally to process industry
control valves and, more particularly, to acoustic fluid valve
calibration.

BACKGROUND

[0002] Fluid control valves, such as ball valves, typically
include a closure member that may be rotated to an open or
closed position with respect to a valve seal to permit or restrict
the passage of fluid flow through the valve. A fluid control
valve that does not have a properly positioned closure mem-
ber in the closed position can leak process fluid, thereby
resulting in an ineffective sealing of the valve.

SUMMARY

[0003] Methods and apparatus for acoustic fluid valve cali-
bration are disclosed. An example method involves rotating a
closure member of a valve to a plurality of positions along a
valve stroke, obtaining acoustic emission signals generated
by a fluid passing through the valve using a sensor when the
closure member is in the positions, and identifying, using a
processor, a zero position of the closure member based on the
acoustic emission signals.

[0004] An example apparatus includes a rotary control
valve having a closure member, a sensor for obtaining acous-
tic emission signals generated by fluid passing through the
valve, and a processor to determine a zero position of the
closure member based on the acoustic emission signals.
[0005] Another example apparatus includes means for
obtaining acoustic emission signals generated by a fluid when
aclosure member of a valve is in a plurality of positions along
avalve stroke, and means for identifying a zero position of the
closure member based on the acoustic emission signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is an example apparatus to identify a zero
position of a closure member of a fluid control valve accord-
ing to one or more aspects of the present disclosure.

[0007] FIG.2 is a flow diagram of an example method that
can be used to implement the examples described herein.

DETAILED DESCRIPTION

[0008] The example methods and apparatus described
herein relate to acoustic calibration of fluid control valves.
More specifically, the examples described herein may be used
to identify an optimal zero or center position (e.g., a minimal
leakage or flow position) of a closure member of a fluid
control valve. In particular, the examples described herein
may use acoustic emission signals emitted as a result of fluid
flowing through a valve to enable positioning of a closure
member of the valve at an optimal zero or center position
during operation and, as a result, achieve minimal or substan-
tially zero leakage through the valve in the closed position.

[0009] Fluid control valves generally include an internal
component known as a closure member or trim that is posi-
tioned with respect to a valve seal to control the flow of fluid
through the valve. In a rotary valve, a closure member may be
rotated about an axis along a path that may be referred to as a
valve stroke. When a closure member is in a fully closed
position with respect to the valve seal, fluid is substantially
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prevented from passing through the valve. This fully closed
position may correspond to a mechanical stop of the valve.
Rotating the closure member a distance along the valve stroke
of, for example, approximately 90 degrees from the fully
closed position allows fluid to flow through the valve with
minimal restriction. In such a position, the closure member
may be considered to be in a fully open position. As the
closure member is rotated about its axis to different positions
along the valve stroke toward or away from the fully closed
position, where the different positions may be located
between the fully open and fully closed positions, the flow of
fluid through the valve is restricted accordingly.

[0010] In some examples of the methods and apparatus
described herein, as the closure member of the valve is rotated
to different positions along the valve stroke during operation,
a sensor may detect corresponding acoustic energy or emis-
sion signals generated by turbulent fluid flow at the different
positions. As described in more detail below, analysis of these
acoustic emission signals enables identification of the opti-
mal zero or center position of the closure member, which may
be used to position the closure member relative to a valve seal
for minimal or substantially zero flow or leakage through the
valve. This optimal zero or center position may correspond to
a stroke position of the valve that is spaced away from the
fully closed or the mechanical stop position of the valve. In
one example, the optimal zero or center position for a valve
corresponds to a stroke position at which fluid turbulence and,
thus, the energy associated with the acoustic emissions due to
such turbulence, are minimized.

[0011] While some known technologies detect acoustic
emissions to generally quantify leakage through valves, such
technologies are not used to identify an optimal zero or center
position of a valve closure member relative to a valve seal as
described in connection with the examples herein.

[0012] Inaccordance with the teachings disclosed herein, a
sensor may be positioned proximate to a fluid control valve.
As the closure member is rotated to different positions along
the valve stroke, the sensor detects acoustic emission signals
generated by the turbulent flow of fluid through the valve at
the different positions including, for example, a first position
and a second position different from the first position. A
processor or any other suitable processing device may deter-
mine the optimal zero or center position of the closure mem-
ber based on analysis of the acoustic emission signals col-
lected at the first and second positions. Moving the closure
member to the zero position may be accomplished by, for
example, an actuator and a digital valve positioner.

[0013] The example methods and apparatus described
herein may be implemented when the valve is installed and
operating in a process application, thus providing for identi-
fication and positioning of the closure member at the zero
position while the valve is in use. Additionally or alterna-
tively, the disclosed methods and apparatus may be used to
identify the optimal zero or center position of the valve during
the manufacture of the valve. In further examples, the
examples provided herein may be part of a plant control
system or asset management software package. Other uses of
the disclosed methods and apparatus include, but are not
limited to, detecting valve seal or closure member damage
and/or avoiding over-rotation of the closure member.

[0014] FIG. 1 depicts an example apparatus 100 for iden-
tifying the optimal zero or center position of a fluid control
valve 102 having a closure member 104. The fluid control
valve 102 may be a rotary control valve, such as a ball valve,
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a buttertly valve, or any other type of fluid control valve. The
fluid control valve 102 may be a position-seated valve, a
torque-seated valve, or any other arrangement. The fluid con-
trol valve 102 further includes a valve seal 106 and a sensor
108. The sensor 108 may be positioned proximate to the fluid
control valve 102 and, in some examples, is proximate or
adjacent to the valve seal 106. The sensor 108 may be, for
example, a piezoceramic sensor. In further examples, mul-
tiple sensors may be positioned at multiple locations proxi-
mate to the fluid control valve 102 and/or the valve seal 106.

[0015] Inoperation, acoustic emission signals generated by
fluid passing through the fluid control valve 102 as the closure
member 104 is rotated are detected by the sensor 108 and
recorded and analyzed by a processor 110. The analysis of the
acoustic emission signals performed by the processor 110
may involve, for example, calculating a root mean square. In
some examples, other energy parameters may be measured
and/or calculated by the sensor 108 and the processor 110
including, but not limited to, airborne noise, ultrasonic sig-
nals, or hit amplitudes of signals generated by noise other
than from passing fluid and detected by the sensor 108, such
as noise resulting from the movement of the valve itself. The
processor 110 may analyze the acoustic emission signals
detected by the sensor 108 and associate the acoustic emis-
sion signals with positions of the closure member 104 to
determine an optimal zero or center position of the closure
member 104. Upon identification of the optimal zero or center
position, the processor 110 may communicate with a digital
valve positioner 112 and an actuator 114 to position the
closure member 104 at the zero position.

[0016] In one example method for identifying the optimal
zero or center position of fluid control valve 102, the closure
member 104 may be rotated to a plurality of positions along
the valve stroke. In such an example, acoustic emission signal
data is collected by the sensor 108 for all of the positions
along the valve stroke. The processor 110 may identify a
valve closure member position corresponding to a minimal
acoustic emission signal detected by the sensor 108 at the
plurality of positions. In some examples, the processor may
identify the positions corresponding to minimal acoustic
emission signals and perform a midpoint calculation using
signal data from adjacent positions to identify the zero posi-
tion. In further examples, acoustic emission signals are col-
lected continuously as the closure member 104 is rotated
toward the center position, and rotated beyond the center
position. In such examples, the processor 110 identifies a
valve closure member position corresponding to a minimal
acoustic emission signal detected by the sensor 108.

[0017] FIG. 2 depicts an example flow diagram represen-
tative of a method 200 that may be implemented to identify
the optimal zero or center position of a fluid control valve. The
example method 200 of FIG. 2 may be performed using a
processor, a controller and/or any other suitable processing
device. For example, the example method 200 of FIG. 2 may
be implemented using coded instructions (e.g., computer
readable instructions) stored on a tangible computer readable
medium such as a flash memory, a read-only memory (ROM),
and/or a random-access memory (RAM). As used herein, the
term tangible computer readable medium is expressly defined
to include any type of computer readable storage and to
exclude propagating signals. Additionally or alternatively, the
example method 200 of FIG. 2 may be implemented using
coded instructions (e.g., computer readable instructions)
stored on a non-transitory computer readable medium such as
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a flash memory, a read-only memory (ROM), a random-
access memory (RAM), a cache, or any other storage media in
which information is stored for any duration (e.g., for
extended time periods, permanently, brief instances, for tem-
porarily buffering, and/or for caching of the information). As
used herein, the term non-transitory computer readable
medium is expressly defined to include any type of computer
readable medium and to exclude propagating signals.

[0018] Further, although the example method 200 of FIG. 2
is described with reference to the flow diagram of FIG. 2,
other methods of implementing the example method 200 of
FIG. 2 may be employed. For example, the order of execution
of the blocks may be changed, and/or some of the blocks
described may be changed, eliminated, sub-divided, or com-
bined. Additionally, any or all of the example operations of
FIG. 2 may be performed sequentially and/or in parallel by,
for example, separate processing threads, processors,
devices, etc.

[0019] The example method 200 of FIG. 2 may be used to
identify the optimal zero or center position of the closure
member 104 of the fluid control valve 102. The example
method 200 may be initiated by a command to rotate the
closure member 104 to a first position (block 202). In one
example, the closure member 104 may be rotated to a first
position along the valve stroke. For example, in the first
position, the closure member 104 may be located between a
fully open position and a fully closed position and fluid may
pass through fluid control valve 104. The sensor 108 then
measures acoustic emission signals when the closure member
104 is in this first position (block 204). The closure member
may be rotated to a plurality of positions along the valve
stroke; as such, the example method 200 is not limited to
rotating the closure member to only one first position. The
closure member 104 may be then rotated to a second position
(block 206) and the sensor 108 measures acoustic emission
signals when the closure member 104 is in this second posi-
tion (block 208). In one example, the second position may be
located at a position beyond the optimal zero or center posi-
tion of the valve (e.g., between a fully closed position and the
center position). In this example, the closure member 104 has
been rotated along the valve stroke from the first position,
reached the center position, and rotated beyond the center
position toward the fully closed (e.g., mechanically stopped)
position. In further examples, the second position corre-
sponds to a position wherein sensor 108 detects increased
second acoustic emission signals relative to the first acoustic
emission signals. The closure member 104 may be rotated to
a plurality of positions along the valve stroke; as such, the
example method 200 is not limited to rotating the closure
member 104 to only one second position.

[0020] The acoustic emission signals collected at the first
and second positions by sensor 108 are analyzed by a suitable
processing device, such as the processor 110. The processor
110 may calculate, for example, the root mean square noise
levels of the acoustic emission signals recorded by the sensor
108 and identify the optimal zero or center position of the
closure member 104 based on analysis of the acoustic emis-
sion signal data (block 210). For example, the processing
device may identify a valve closure member position corre-
sponding to a minimal acoustic emission signal detected by
the sensor 108 between the first and second positions and
associate this position with the optimal zero or center position
of the closure member 104.



US 2014/0190263 Al

[0021] In another example, the processing device may
determine a position midway between the first position and
second position corresponding to increased first and second
acoustic emission signals as detected by the sensor 108. The
processor 110 may associate the midway position with the
optimal center or zero position of the closure member 104.
Such a midway position may be determined by various signal
analysis calculations. For example, in the event the measure-
ment of the second acoustic emission signal detected by the
sensor 108 is substantially equal to the measurement of the
first acoustic emission signal, a midpoint calculation may be
performed by the processor 110 to determine a position mid-
way between the positions corresponding to the first and
second acoustic emission signals. Alternatively, in some
examples, the first acoustic emission signal and second
acoustic emission signal may correspond to substantially dif-
ferent noise levels generated by the passing fluid. In such
examples, a curve fitting of, for example, a polynomial curve
generated by acoustic emission signal data detected by the
sensor 108 may be performed by the processor 110 to deter-
mine the optimal zero or center position. Such a curve fitting
using, for example, a second order function, may associate
the acoustic emission signal measurements with the positions
of closure member 104 to identify the optimal zero or center
position of closure member 104 corresponding to a minimal
acoustic emission signal detected by the sensor 108.

[0022] Alternatively, the described method may be per-
formed manually by an individual using a suitable handheld
device for processing acoustic emission signals. In the event
that the zero or center position has been identified, the
example method 200 may involve moving the closure mem-
ber to the zero position using, for example, the digital valve
positioner 112 and the actuator 114.

[0023] Although the foregoing detailed description refer-
ences various specific examples, it is to be understood that
modifications and alterations in the structure and arrange-
ment of those examples other than those specifically set forth
herein may be achieved by those skilled in the art and that
such modifications and alterations are to be considered as
within the overall scope of this disclosure.

What is claimed is:

1. A method, comprising:

rotating a closure member of a valve to a plurality of

positions along a valve stroke;

obtaining acoustic emission signals generated by a fluid

passing through the valve using a sensor when the clo-
sure member is in the positions; and

identifying, using a processor, a zero position of the closure

member based on the acoustic emission signals.

2. The method of claim 1, wherein identifying the zero
position comprises finding a minimal acoustic emission sig-
nal and associating the minimal acoustic emission signal with
the zero position of the closure member.

3. The method of claim 1, wherein the plurality of positions
comprises a first position in which the closure member is
between a fully open position and a fully closed position of
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the valve, and a second position in which the closure member
is located beyond the zero position.

4. The method of claim 3, wherein identifying the zero
position comprises finding a minimal acoustic emission sig-
nal between the first position and the second position and
associating the minimal acoustic emission signal with the
zero position of the closure member.

5. An apparatus, comprising:

a rotary control valve having a closure member;

a sensor for obtaining acoustic emission signals generated

by fluid passing through the valve; and

a processor to determine a zero position of the closure

member based on the acoustic emission signals.

6. The apparatus of claim 5, wherein the sensor is posi-
tioned proximate to a seal of the valve.

7. The apparatus of claim 5, wherein the sensor is a piezo-
ceramic sensor.

8. The apparatus of claim 5, wherein the closure member is
rotated to a first position and a second position.

9. The apparatus of claim 8, wherein the sensor obtains first
acoustic emission signals when the closure member is rotated
to the first position and second acoustic emission signals
when the closure member is rotated to the second position.

10. The apparatus of claim 9, wherein the processor deter-
mines the zero position of the closure member based on the
first and second acoustic emission signals obtained at the first
position and the second position.

11. The apparatus of claim 5, wherein a minimal acoustic
emission signal is associated with the zero position of the
closure member.

12. The apparatus of claim 5 further comprising a digital
valve positioner for moving the closure member to the zero
position.

13. The apparatus of claim 5, wherein the rotary control
valve is position-seated or torque-seated.

14. The apparatus of claim 5, wherein the processor is to
determine the zero position by obtaining a root mean square
of the acoustic emission signals.

15. The apparatus of claim 5, wherein the acoustic emis-
sion signals comprise ultrasonic signals.

16. The apparatus of claim 5, wherein the acoustic emis-
sion signals comprise airborne noise.

17. An apparatus, comprising:

means for obtaining acoustic emission signals generated

by a fluid when a closure member of a valve is in a
plurality of positions along a valve stroke; and

means for identifying a zero position of the closure mem-

ber based on the acoustic emission signals.

18. The apparatus of claim 17, wherein the means for
obtaining the acoustic emission signals is a piezoceramic
sensor.

19. The apparatus of claim 17, wherein the means for
identifying the zero position is a processor.

20. The apparatus of claim 17, further comprising means
for moving the closure member to the zero position.
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