
(12) STANDARD PATENT (11) Application No. AU 2014204098 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Acoustic fluid valve calibration 

(51) International Patent Classification(s) 
F16K 37/00 (2006.0 1) 

(21) Application No: 2014204098 (22) Date of Filing: 2014.01.02 

(87) WIPO No: WO14/107495 

(30) Priority Data 

(31) Number (32) Date (33) Country 
13/734,480 2013.01.04 US 

(43) Publication Date: 2014.07.10 
(44) Accepted Journal Date: 2018.04.05 

(71) Applicant(s) 
Fisher Controls International LLC 

(72) Inventor(s) 
Anderson, Shawn W.  

(74) Agent / Attorney 
Spruson & Ferguson, GPO Box 3898, Sydney, NSW, 2001, AU 

(56) Related Art 
US 5008841 A 
US 2005/0126639 Al 
US 6131609 A 
WO 2012/139236 Al 
US 6134949 A



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
Organization 

International Bureau 
(10) International Publication Number 

(43) International Publication Date WO 2014/107495 A1 
10 July 2014 (10.07.2014) WI PO I P CT 

(51) International Patent Classification: (72) Inventor: ANDERSON, Shawn, W.; P.O. Box 124, 203 
F16K37/00 (2006.01) 1st Avenue, Haverhill, IA 50120 (US).  

(21) International Application Number: (74) Agent: READ, David, C.; Marshall, Gerstein & Borun 
PCT/US2014/010044 LLP, 233 S. Wacker Drive, 6300 Willis Tower, Chicago, 

(22) International Filing Date: IL 60606-6357 (US).  

2 January 2014 (02.01.2014) (81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 

(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, 
(26) Publication Language: English BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, 

DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, 
(30) Priority Data: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, 

13/734,480 4 January 2013 (04.01.2013) US KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, 

(71) Applicant: FISHER CONTROLS INTERNATIONAL MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 

LLC [US/US]; 205 S. Center Street, Marshalltown, IA OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 

50158 (US). SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, 

[Continued on next page] 

(54) Title: ACOUSTIC FLUID VALVE CALIBRATION 

(57) Abstract: Methods and apparatus for acoustic fluid valve calibration 

200 are disclosed herein. The method involves rotating a closure member of a 
valve to a involves rotating a closure member of a valve to a plurality of po 
sitions along a valve stroke, obtaining acoustic emission signals generated 

202 by a fluid passing through the valve using a sensor when the closure mem

ROTATE CLOSURE MEMBER TO ber is in the positions, and identifying, using a processor, a zero position of 

A FIRST POSITION the closure member based on the acoustic emission signals.  

204 -
MEASURE FIRST 

ACOUSTIC SIGNALS 

206 

ROTATE CLOSURE MEMBER TO 
A SECOND POSITION 

208 MEASURE SECOND 
ACOUSTIC SIGNALS 

210 

IDENTIFY ZERO POSITION BASED 
ON ACOUSTIC SIGNAL MEASUREMENTS 

212 

MOVE CLOSURE MEMBER TO 
ZERO POSITION 

(END 

FIG. 2



W O 2 0 14/10 7 4 9 5 A 1|l l l| |lll l| || | | |I|I||||| ||I||||||||||||||||||V|||||I|||||||I||||||I |||||| 

TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, 
ZW. LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, 

SM, TR), GAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
(84) Designated States (unless otherwise indicated, for every GW, KM, ML, MR, NE, SN, TD, TG).  

kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, Published: 
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ - with international search report (Art. 21(3)) 
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,



1 

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 member in the closed position can leak process fluid, thereby resulting in an ineffective 

sealing of the valve.  

[0002a] It is an object of the present invention to substantially overcome, or at least ameliorate, 

the above disadvantage.  

SUMMARY 

[0003] In a first aspect, the invention provides 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 closure member is in the positions; 

identifying a minimal acoustic emission signal from the acoustic emission signals; and 

determining, using a processor, a zero position of the closure member based on the 

minimal acoustic emission signal.  

[0004] In a second aspect, the invention provides 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 identify a minimal acoustic emission signal from the acoustic emission 

signals and to determine a zero position of the closure member based on the minimal acoustic 

emission signal.
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[0005] In a third aspect, the invention provides 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 minimal acoustic emission signal from the acoustic emission 

signals and identifying a zero position of the closure member based on the minimal acoustic 

emission signal.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005a] Exemplary embodiments of the present disclosure will now be described, by example 

only, with reference to the accompanying description and drawings in which: 

[0006] FIG. 1 is an example apparatus to identify a zero position of a closure member of a fluid 

control valve according 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.



WO 2014/107495 PCT/US2014/010044 

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 substantially 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 positioned 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 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 emission 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 optimal 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, 
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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] In accordance 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 determine the optimal zero or center position of the closure 

member based on analysis of the acoustic emission signals collected 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 

identification and positioning of the closure member at the zero position while the valve is in 

use. Additionally or alternatively, 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 identifying 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, a butterfly 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 control 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, multiple sensors 

may be positioned at multiple locations proximate to the fluid control valve 102 and/or the 

valve seal 106.  

-3-
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[0015] In operation, 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 signals, 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 emission 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 position. In further 

examples, acoustic emission signals are collected 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 representative 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 
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may be implemented using coded instructions (e.g., computer readable instructions) stored on 

a non-transitory computer readable medium such as 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 temporarily 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 

combined. 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 position (block 

208). In one example, the second position may be located at a position beyond the optimal 

zero or center position 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 corresponds to a position wherein sensor 108 detects increased second acoustic 

emission signals relative to the first acoustic emission signals. The closure member 104 may 
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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 emission signal data (block 210).  

For example, the processing device may identify a valve closure member position 

corresponding 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.  

[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 measurement 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 midway 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 different 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 determine 

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 performed 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 member to the zero position using, for example, the digital valve 

positioner 112 and the actuator 114.  
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[0023] Although the foregoing detailed description references various specific 

examples, it is to be understood that modifications and alterations in the structure and 

arrangement 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.  
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CLAIMS 

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 closure member is in the positions; 

identifying a minimal acoustic emission signal from the acoustic emission signals; and 

determining, using a processor, a zero position of the closure member based on the 

minimal acoustic emission signal.  

2. The method of claim 1, wherein determining the zero position comprises associating the 

minimal acoustic emission signal with the zero position of the closure member.  

3. The method of claim 1 or claim 2, 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 the valve, and a second position in which the closure member is located beyond the zero 

position.  

4. The method of claim 3, wherein determining the zero position comprises finding the 

minimal acoustic emission signal 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 identify a minimal acoustic emission signal from the acoustic emission 

signals and to determine a zero position of the closure member based on the minimal acoustic 

emission signal.  

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

7. The apparatus of claim 5 or claim 6, wherein the sensor is a piezoceramic sensor.
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8. The apparatus of any one of claims 5 to 7, 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 determines 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 any one of claims 5 to 10, wherein the minimal acoustic emission signal 

is associated with the zero position of the closure member.  

12. The apparatus of any one of claims 5 to 11 further comprising a digital valve positioner for 

moving the closure member to the zero position.  

13. The apparatus of any one of claims 5 to 12, wherein the rotary control valve is position

seated or torque-seated.  

14. The apparatus of any one of claims 5 to 13, wherein the processor is to determine the zero 

position by obtaining a root mean square of the acoustic emission signals.  

15. The apparatus of any one of claims 5 to 14, wherein the acoustic emission signals comprise 

ultrasonic signals.  

16. The apparatus of any one of claims 5 to 15, wherein the acoustic emission 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 minimal acoustic emission signal from the acoustic emission 

signals and identifying a zero position of the closure member based on the minimal acoustic 

emission signal.
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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 or claim 18, wherein the means for identifying the zero position 

is a processor.  

20. The apparatus of any one of claims 17 to 19, further comprising means for moving the 

closure member to the zero position.  
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