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METHODS FOR MONITORING WEAR IN SEAT MATERIALS OF VALVES

Priorit
This application claims the benefit under 35 U.S.C. § 119 (e) of U.S.
Provistoual Application No. 60/140,086 filed on June 21, 1999,

Technigal Field
This invention relates generally to manitoring valves, and more particulasly

to monitaring wear in seat macerials of valves.

Backgrongd

A valve is & mechanieal device by which the flow of liquid, gas, or lose
material in bulk may be siarted, stopped, or regulated by opening, shutting, or
partially obstructing one or More passageways. To ensure tightness, paevent
lezkage, or retieve tension in a joint created by the valve and 4 passageway. &
valve is fypicafly fitted with seat materfals, such as rubber. With repeated usage,
seat materials may be worn away.

One reason seat materials may be wom away is because of the flow of
liquid, gas, or lose materials in ‘bulk. Such a flow may be at a velocity that acts
like a shearing force upon the seat materials. Although the seat materials may be
initially resistant 1o the shearing force, pver time the seat materials may be:
weakened by the continuous presence of such a force. Another reason for the
weakening of the seat materials is due to a compressive force that is provided 1o
create the joint between the valve and the passageway. The seat maierials may
lase their elasticity with the continuous application of the compressive force, and
over time, the seat materials will be worn away also.

Seat materials typically are worn away graduaily. Thus, seal materials

may continue 1o support the joint zfier the seat materials begin to weax. Currem

JP 2004-512470 A 2004.4.22
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techniques, which determine when seat materials should be replaced, require a
large buffer to store ohservations of wear in seat malerials over a period of tme.
Such a perivd of Ume may be months or even years. It may he difficult to surnise
how targe a buffer must be. Current techniques have other drawbacks as well that
are inflenible 1o changes in cusiomers’ Tequirements, This may eventually lead o
the lack of acceprance in the marketplace for preducts using those echiniques.
Thus, what is needed are systems and metheds o enbance (he monitoring

of wear in seat materials of valves.

Summary

Systems and meshods for menitoring wear in seat maierials of valves are
discussed. An ifinstrative aspect inchrdes a system for monitering wesr in seat
materials of a valve. The systent includes sensors ta sense the open/closed statug
of the valve within a desired range, and a set of counters to count each time the
desired range is adjusted to characterize the valve as having the open/closed stams
if the valve was not within the desired range, The count of 2 counter is indicative
of weat in the seat materials of the valve.

Another illustralive aspect includes @ method for monitering wear in seat
matertats of a valve. The method includes setting a range of positions indicative
of an oper/closed sims of the valve, and determiging the open/closed status of the
valve within the range. The method further incledes adjusting adaptively the
range within a desjred limit so as o characterize the vaive as having the
open/closed status if the vatve was not within the range. Each iteration of
adjusting is indicative of wear i seat materials of the valve.

Another illustrative aspect includes a method for monitoring wear in seat
matenials of 2 valve. The method includes obtaining a position of the 'valve,
processing the position that includes adjusting within a range, and notifying the

open/closed siats of the valve.
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Brief Description of the Drawings

Figure | shows a system according o one aspect of the present inventicn.

Figure 2 shows a systen: according to one aspect of the present invention.

Figures 3A, 3B, 3C, 3D, 3E, and 3F show graphs of stamses of a valve
according (o one aspect of the present invention.

Figure 4 shaws a process diagram for a method according to one aspect of
the present invention,

Figure 5 shows & precess dizggram for a methed accerding te one aspect of

the present invention.

Detafled Descripti

In the following detaileé description of exemplary embodiments of the
invention, reference is made to the accompanying drawings that form a part
hereof, and in which is shown, by way of iltustration, specific exemplary
embodimients in which the invention may be practiced. In the drawings, like
oumerals describe substantially similar components thronghout the several views,
These embodiments are deseribed in sufficient detni to enable these skilled in the
art ta practice the invention. Other embadiments may be utilized and strucroral,
logical, electrical, and other chamges may be made without departing from the
spirit or seope of the present invention. Tke following detailed descriptio is,
therefore, not to be taken in a fmiting sense, and the scope of the present
mvention is defined only by the appended claims.

Figure 1 shows a system according to one aspect of the present invention.
The system 100 includes a passageway 102 and a passageway 104. Liquid, pas,
aor tnse material in butk may fiew through the passageway 102 and the passageway
104 10 reach a desires destination. Such a flow can bie starled, stopped, or
regulated by the valve 108, The valve 108 may be engaged with surfaces 186, and
106, to start, stop. or regulate the flow. The valve 108, as illustrated in Figore I,
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can be considered a single-acting valve. Ta ensure tightness, prevent leakape, or
relieve tension in 2 joint created by the valve 108 and surfaces 106, and 106, a
valve is typically fitted with & seat material 110, [n one embodimend, the seat
material 110 inciudes rubber.

With repeated usage, seat material 110 may be worm away. As the seat
material 110 is worn, the valve 108 settfes deeper against the surfaces 106, and
106, during engagement. The embndiments of the present invention monitor such
wear in the seat material 110 and zdjust adaptively 0 the wear. Such adjustment
will be performed until a point at which the embodiznents of the present inveatdon
notify the operatar to provide maintenaoce ta the valve 108.

The valve 108 is coupled 1o an actnator 112, The actuator E12 isa
mechanical device for moving or controlling the valve 108, The acmator 112 may
be used to engage the valve 108 with surfaces 106, and 106,.

A magnetic source 114 is coupled to the actuator 112, As the sctuator $12
moves longitudimally to control the valve 108, the magnetic source 114 radiates a
magretic field. Such a2 magnetic field is indicative of a position of the vaive 108.
The magnetic field may be sensed by a set of sensors 116 to derive the position of
the valve 108. From the position of the valve 108, the open/closed status of the
valve 108 can be inferred within a desired range. The desared range includes a
nominal position that s used to infer the open/closed status of the valve 108. The
desired range alsn includes a wlerance around the nominat position. The desired
range may be adjusted adaptively to account far the wear of the seat maseriat 110,

In one embodiment, the desired range is adjusted within a desired limit.

The syst=m 1{0 includes & microprocessor 118. The microprocessor 118
executes a piece of software {not showa). The piece of sofiware includes a set of
counters (not shown). At Jeast one counser of the set of countets coulits each time
the desired range is adjusted 1o characterize the valive 108 as either epen or ciosed

if the valve was not within the desired range. The count of a counter is indicative
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of wear in seat material 110, In one embodiment, the set ol counters inclndes a
counter for an open position and a counter for a closed position.

The piace of software also includes at least one alert level and at least onc
alarm level. In one embodiment, the counter for an open position includes an abert
levet and an alarm level. [n ancther embodiment, the counter for a closed position
incfudes an alert level and an alarm level,

In one embodiment, the piece of software issues an alerr signal when the
count of & counter reaches the dert level. In anotber embodiment, the piece nf
software issues an alarm sigoal when the count of a counter reaches the zlann
level,

The system 100 also includes a setp manager 120. The selup manzger
120 may be coupled to the interface board 101 tarough a serial connection 121,
The semp manager 120 manages an alteration in the alert levels and the alarm
levels. The setup manager 120 may also selectively lock the alert levels and the
alarm levels o inhibit undesired changes to the alert levels ard the alarm levels.

In oue embodiment, the setuwp manager 120 is a piece of sofiware ruoning on a
personsal computer, The piece of software incfudes a graphical user interface theat
allows the user to change various parameters and execution of the piece of
software running on the microprecessor 118,

The system 100 also includes a remote coniral 122. In one embodiment,
the remote control 122 emulates 2 portion of the functionality of the setup marger
120.

Figure 2 shows a system according 1o one aspect of the present invention.
Figure 2 includes elements that are similar to elements diseussed tn Figure 1.
These elements share identical lasi-two digits ¢f the numerical nomenclabire.
Discussion of those elements presented above is incorporared here in full. The
systemn 200 Dustrates a valve 208 that acts as a double-acting valve. The valve 208

includes a seat material 210, and a seat material 213,. The valve 208 operaies w
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close one passageway while contemporaneously opening another passageway.
Suppose the valve 208 closes a passagewdy 205 Dy cugaging against she surfaces
206, and 206;. Conemporansousty, the valve 208 is opened with respect 1o &
passageway 204, Liquid, gas, and loose material in bulk may flow berween the
passageway 204 and a passageway 202.

The embodiments of the present invention provide for additionat desired
ramges, cowniess, alert levels, and alarm Jevels 1o suppor the valve 208 in its
operation as a double-acting valve.

Figures 34, 3B, 3C, 3D, 3E, and 3F show graphs of stanses of a valve
according to one aspect of the present invention, Figure 3A illustrates a normal
open/closed sequence of a valve in operation. The graph 300A iocludes 2 rangs
301 of positions. 1f a position of a valve is within this range 301, the valve may
be considered opened ar having an open status. The range 31 includes a nomimal
position 304. The range 301 alse includes an upper tolerance 302 and 2 lower
tolerance 306, Thesc toierances describe positions that a valve may have to stil
he cansidered as having an open stats.

The graph 300A includes a range 307 of positions. If a position of a valve
is within this range 307, the valve may be considered closed or having a closed
status. The range 307 includes & nominal position 310. The range 397 also
includes an upper tolerance 308 and a lower tolerance 312, These tolerances
describe positions that a vatve may have to still be considered as having = closect
status.

The graph 300A includes a wavefurm 314A. The waveform 3144
illustrates an operation of e valve. The waveform 314A shows that the valve is
inizially opened at portion 316 of the graph 300A. The waveform 314A at portion
318 of the graph 300A shows that the valve is in a transition to a closéd status.
This portion 313 shows the teansient behavior of the valve. Next, the wavefoim

314A at portion 320 shows thas the valve is closed. Thus, the waveform 314A can
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be considered to show a pormal open/closed sequence of a valve.

Hereinafier, for clacity parpesss, many of the reference numbers are
eliminated from subsequent drawings 5o as to focus on the portien of interest of
the graph. Esch subsequent drawing incorporates the ranges, nominal positions,
upper tolerances, and lower toferances as discussed hereinbefore.

Figure 3B illustrates an abnormal open/closed sequence of a valve. A
graph 3008 includes a waveform 314B. The waveform 314R shows that the valve
is initially opened at portion 316. At portion 318, the waveform 314B shows that
the valve is i a transition from 115 open status at portion 316 to & closed status.
Next, at portion 320, the waveform 314B asymplotically approaches above the
upper tolerance 308 of the range 307. This indicaies that e vaive is not fully
closed. This may be caused by some obsmuctions, such as pulps from oramge
juice or such. The embodiments of the present invention refrain fromt adjusting
thie range 307 ig such an abnormal opewiclosed sequence of the valve.

Figure 3C illustrates an open/closed seguence that is adjusted adaptavely by
the embodiments of the present inveation, A graph 300C includes a wavefiorm
314C. The w.aveform 314C shows that the valve is initially opened at portion
316. At portion 318, the wavcform 314C begins to approach asymptoticailly
below the Jower olerance 312 of the ranpe 367, Ar portion 320, the embodimens
of the inveotion adjust adaptively the range 307 to charactesize the valve as having
a closed status even though the waveform 314(C is below the original lower
tolerance 312, In one embodiment, the nominzl positios 310 is adjusted; the
upper tolerance 308 and the lower tolerance 312 are automatically adjusted with
the adjustment of the nominal position 310 because these tolerances are relative
with respect to the nominal posidon 319.

The embodiments of the present invention previde such an adjustraens so as
o account for the gradeal wear in the seat material of the valve. As the seat

material s worn, the vakve may situate lower and claser to the orifice of the
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passageway. Thus, the adjusiment allows an approprisie characterization of the
open/ciosed states of the valve because the seat material may still fanction to
support the desired joint, albeit worn. At a certain point, the embodirsents of the
present invention will continue {0 adjust hut will also alert an operator for valve
maintenance. At another point beyond that, the embodiments of the present
inveation will refrain from forther adjustment, cease valve operations, and inform
the aperator.

Figure 3D ilfustrates a normal cperfclosed sequence of a valve. Tihe graph
3007 includes a waveform 3140, The waveform 314D shows that the valve is
initially closed et portion 316, The wavefcrm 314D at portion 318 of the graph
100D shows that the valve is in a ansition to an open staws. Next, the waveform
314D at portion 320 shows that the valve is opened. Thas, the waveform 314D
can be considered to show 2 normal open/closed sequence of a valve.

Figure 3E illustrates an aboormat open/closed sequence of a valve. A
graph 300E includes a waveform 314E. The waveform 314E shows that the valve
is initially closed at portion 316. At pertion 318, the waveforn: 314E shows that
the valve is in a transition from its closed stams at porrion 316. Next, at portion
320, the waveform 314E asymptotically spproaches below the lower tolerance 306
of the range 301. This indicates that the valve is not fully opened. This may be
caused by some mechamical failure, such as 2 jam. The embediments of the
present invention refrain from adjusting the range 301 in sech an abnormal
open/closed sequence of the valve,

Figure 3F illustrales an open/closed sequence (hat is adjusted adaptively by
the embodimenss of the present invention. A. graph 300F includes 2 waveform
314F. The waveform 314F shows that the valve is initially closed at portion 316.
Al portion 318, the waveform 314C begins to appreach asympiotically above the
wpper tolerance 312 of the range 301. At portion 320, the embodiments of the

invention adjust adaptively the sange 31 to characterize the valve as having an
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open status even though the waveform 314F 15 above the original upper 1olerance
302. In one embodiment, the nomminal position 304 is adjusied; the apper
toderance 302 and the lower toferance 306 are automaticaily adusied with the
adjustment of the nominal position 304 becanse these tolerances e relative with
respect to the nominal position 304.

Figure 4 shows a process diagram for a method according to ane aspect of
the present invention. The process 400 is a method for monitoring wear in seat
materials of a valve. The process 400 includes an et 402 for setting a range of
positions that is indicarive of an open/ciosed status of the valve. The act for
setting sets # range of positions. The range includes a naminal position and a
tolerance. The toleranice includes an upper tolerance and a lower lerance. The
ack for setting sets a desired raoge that inciudes a first range of positions that
indicates that the valve is opened and a secand rangs of positions that indicates that
the valve is closed. The act for settmg includes storing the range in a memory.

The process 40 includes an act 404 (or determining the open/ctosed stams
of the valve within the range of positions. In one embodiment, the range is a
desired range. The first range includes a first tolerance havicg an upper tolerance
and z lower tolerance. The second range also includes an vpper (olerance and a
lower tolerance,

The process 400 includes an act 406 for adjusting adaptivety the range so
as to characterize the valve as having the open/closed stamus if the valve was not
wirhin the range. In one embodiment, the rarge is adjusted within a desired limit.
In one embodiment, the act for adjusting is not executed if the valve is within an
nndeasited range. The urdesired range inchedss a position that is below the lower
tolerance of the first range and above the upper 1olerance of the second range. In
one embodiment, the act for adjusting is not excculed if the desired range exceeds

the desired limit. The act for adjusting adjusts at least one of the nomimal position

of the first range and the nominal position of the second range.
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The process 400 includes an act for iterating the act for adjusting. Each
iteration of adjusting is indicative of wear in seat materials of the valve.

The process 400 includes ether acts 408, These acts may be used alone or
in combipation with the others. One of these acts includes an act 410 for notifying
if the range exceeds the desired limit. In one embadiment, the act for notifying
notifies an aperator for valve maintenance. In anather embodiment, the act for
notifying includes notifying an operator when the act 412 for ceasing is executed.
The act for ceasing ceases valve operations if the range is within ar undesired
limit. In another embodiment, the act for adjusting incluées counting to form a
count each rime the act for adjusting is iterated; the act for notifying is executed
when the count exceeds 2 desired count.

Qther acts 408 include an act 414 for controliing selectively the act for
adjusting. The act for controlling is'selected from 2 gronp consisting of enabling
the acr for adjusting and disabling the act for adjusting. In one embodiment, the
act for controlling allows an act for-adjusting to execute whea the open/closed
status of the valve is & closed stams, [n another embodiment, the act for
controlling allows an act for adjusting to execuie when the openfclosed status of
the valve is an open stasus. [o another embodimens, the act for controlling allows
the act for adjusting ta execute when the open/closed status of the valve is either a
closed status or an open status.

Other acts 408 include an zct 416 for stamping the time {0 form 2 time
stamp at each iteration of adjusting. The act for stamping further includes an act
for compiling every titme stamp so as to form a history of wear io seat smaterials of
the valve. This is advantageous over curzens techniques because a history is
produced only wien desired. The act for stamping further includes an act for
graphing every time stamp to form a graph so as to enable ao analysis of wear in

seat materials of the valve. The act for stamping further includes an act for
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undoing cach iteration of adjusting 50 as to obtain back the range priar @
executing the act for adjustng.

Figure 5 shows a process diagram for a method according to one aspect of
\he present invention, The process 3040 15 2 method for monitoring wear in seat
naterials of a valve. The process 500 includes an act 502 for abtaining a position
of tke valve. The act for ohtaining inchudes an act 504 for asceraining if the
posttion is a valid position.

The process 509 mchudes an act 505 for processing the position that
includes adjusting within 2 range. The act for processiog includes an act 306 for
verifying. The act 506 for verifying verifies if the position is an open positios.
The act 506 for verifying verifies if thie apea position is enabled so as w aflow
processing of the position, The act 506 for verifying verifies if the open position
is defined. The act 506 for verifying verifies if the position is in 2n alzrmed
made.

The act for processing includes an act 508 for resetting selected variahles
associzted with the open position, The act for processing includes am act 310 for
determining if the position is within 2 desired range of the open positien. The
desired range includes a nomial open position and a tolerance. The ac for
processing inchudes ao act 512 for adjusting the nominal open position 50 as W
characterize 'me position as an open position. The act for progessing includes an
act 514 for incrementing a count that is indicative of wear in seat materials of the

valve. The act far processing includes an act 516 for checking if the count
exceeds #n alert [evel 50 as b execute an act 530 for notifying. The aci 516 for
checking alse checks if the count exceeds an alarm level so 28 1o execute the acl
530 for notfying.
The act Sor processing includes an act 518 for verifying. The acs 518 for

verifying verifies if the positien is a clased position. The act 518 for verifying

verifies if the closed position is enabled so as 10 aliow processing of the position.

1
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The act 518 for verifying verifies if the closed position is defined. The act 318 for
verifying verifies if the position is in an alarmed mode.

The act for prucessing includes an aci 520 for resettmg selected variables
assnciated with the closed position. The act for processing includes an act 522 for
determining if the position is within a desired range of the closed position. The.
desived range includes 2 nominal closed position and a tolerance. The act for
processing inchudes an act 524 for adjusting the neminal open position so as ¢
characterize the position as a closed position. The act for processing inctudes an
act 526 for incrementing a count that is indicative of wear in seat materials of the
valve. The act for processing includes an act 528 for checking if the count
exceeds an alert level so as to execute an act 530 for nodfying. The act 528 for
checking aiso checks if the count exceeds an alarm level 50 as to execute the act
530 for notifying.

The process 500 includes the act 530 for gotifying. The act 330 for
notifying gofifiss an operator the wear in seat maierials of the valve. The act 530
for notifying may notify at two points in time. At the first point, the act 530 far
notifying alerts the operator regarding the mamtenance of the seat materials, but
the seat materials are still fanctional. At the second point, the et 330 for
notifying alarms the operator fegarding the replacement of the seat mascrials
because fhe seat materials are no longer functonal. The act 530 for notifying may
also cease valve operations at the second point.

The adjustment as discissed hersinbefore is performed, in one
embodiment, it millimeter increments. A maximum count {an alarm level) for
adjustment ¢an be predetermined as part of 2 package for a particular industry,
such ag dairy or nuclear enetgy. [n ong embodimeni, when two-thicds of the
maximum (an alers level) count is exceeded, the operator will be notified to
provide vatve maintenance. Jn another embodiment, when the maximum couni is

reached, valve operations will cease, and the operator will be notified.

12
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In one embodiment, the range of tolerance around a nominal position that
can be set is plus/minus S mitlimeters to zero. The upper tolerance can be sex
independently of and differently from the lower tolerance, Correspondingly. the
Ipwer tolerance can be set independently of and ditfferently from e upper

tolerance.

Conclysion

Systems and methads have been discussed (o monitor wear in seat materials
of valves. Seat materials of valves will typically wear with repeated usage. The
embodiments of the present inveniion track such wear and notify operator at
desired points regarding the maintenance of such seat materials. The embodiments
of the present invention ¢an he used in single-acting valves, double-acting valves,
or other valve configurations. Ome of the benefits of the invention includes ghe
usage of very compact memary resources, which irclude RAM, ROM, EEPROM,
and Flash. Another benefik incledes simple field insiallation.

Althougb the specific embodiments have been ittustrated and described
herein, it will be appreciaked by those of ordinary skill in the art that soy
arrangement which is caloulated to achieve the same purpese my be substitied
for the specific embodiments shown. This application is intended tw cover aqy
adaptations or variations of the preseat invention. It is to be undersiood that (he
above description is intendied 1o be flustrative, and not restrictive. Combinations
of the above embodiments and other embodiments will be: apparent to those of skill
in the art upon reviewing the abave description. The scope of the invention
includes any other applications in which the above structures and farication
methods are used. Accordingly, the scope af the invention should onty be
determined with reference to the appended claims, along with the full scope: of

equivalents to which such claims are entitled.
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5 Iclaim:
i A sysiem for monitoring wear in seat materials of a valve, comprising:

10

20

5

sensors 10 sense open/closed stams of the valve within a desired range; and

a set of counters o count each time the desired range is adjusted 1o
chazacterize the vatve g8 naving the openiciosed status if the valve was not within
the desired range, wherein the count of a counter is indicative of wear in seat

materials of the vaive.

2. The system of claim 1, fursher comprising 3 magnetic saurce coupled w an
actuator that is coupled 1o the valve, wherein the moagnet source radiates a
magnetic field that is detected by the sensors 50 as (0 sense openfclosed stams of

the valve.

kN The sysiem of claim 1, further comprising & microprocessor executing
software, wherein (he software in¢ludes the set of counters, at least oue alert level,

and ar least ene alacm level.

4. The system of claim 1, wherein the software issues an alert signal when the
count reachies the 2)ert level, and wherein the software issues an alarm signal whem

the count reaches the alarm level.
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5. The system of claim 1, wherein the valve is selected from a group

consisting of a singlc acting valve and a double acting valve.

6. A system for monstoring wear in seat materials of a valve, comprising:
a magnetic source radiating a field that indicates a position of he valve;
sensors to sense opendclosed staws of the vatve within a desired range; and
2 set of counters ¢o count each iime the desired range is adjusted within a
desired limit to characterize the valve as having the open/closed status if the valve
was not within the desired range, wherein the count of a counter is indicative of

wear in seat materials of the valve.

7. The system of claim 6, further comprising a microprocessor executing
software, wherein the software inchudes the set of conaters, wherein the sex of
coumers inchudes a counter for an open position and 2 counter for  closed
position, wherein the counter for an open positian includes an alert level and an
alarm level, wherein the counter for & closed position includes ar alert level and

an alarm level.

8, The system of claim 7, further comprising 4 semep manager, wherein the

selup manager manages an alieraiion in the alert levels and the atarm ievels.

15
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9, The system of claim 3, wherein the setup manager selectively Jocks the
alert levels and the alarm bevels 1o inhibit undesired chanpes to the aiert levels and

the glarin levels.

10.  The system of claim 9, further comprising a remote control 1o control the

syslem.

[1. A method for monitoring wear in seat materials of a valve, comprising:
determining an open/closed status of the valve within a desired range; and
adjusting adaptively the desired range: so as o characterize the valve as

having the open/closed stams if the valve was not within the desired range,

wherein each iteration of adjusting is indicative of wear in seat materials of the

valve.

12, The method of ctaim 11, wherein the. desired 12nge includes a first range
and a second range, wherein the first range includes a first tolerance having an
upper tolerance and a lower tolerance, wherein the second range includes a second

tolerance having an upper tolerance and a lower wolerance.

13.  The method of claim 12, wherein the act for adjusting is not executed if the

vatve is within an undesired range.

JP 2004-512470 A 2004.4.22



[ s B e B |
—m /M —m @ @A ™M@ ™@ ™M@ o™@ & s & s /s s /& s /s /s /. /. m m m m

G

WO 00/79234 FCTAISDMTEISS

0

25

14, The method of claim 13, wherein the undesired range includes a position
that is helow the lower tolerance af the first range and above the upper tolsrance

of the second range.

15, The method of claim {1, wherein the act for adjusting is not execuied if the

desired range excesds the desired Limit.

16. A method for momtoring wear in seal materials of a valve, comprising:
setting a range of positians indicative of an open/closed stams of the valve;
determining the open/ctosed stams of the valve within the range: and
adjusting adaptively the range within a desired limnit so as to characterize

the valve as haviog the open/closed status if the vidve was nol within the range,

wherein each iteration of adjusting is indicaiive of wear in seat materials of the

valve.

17, The method of claint 15, wherein senting includes settiag a range of

positions, wherein the range ircludes @ nomiral position and a felerance.

1%  The method of claim 17, wherein seuting inclides selting a range of

positions, wherein the tolerance includes an upper tolerance and 3 lower lolerance.

17
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19.  The method of claim 16, wherein selting includes setring a desired range
that includes 4 first range of positiaps that indicates that the valve is opened and a

second zange of positions that indicates thal the valve is closed.

20.  The method of claim 17, wherein setting includes storing the range in #

memory.

21, A melbiod for monitoring wear I seat materials of a valve, comprisiog:
semring a range of positions indicative of an open/closed status of the valve;
determining the opew/closed stms of ihe valve within the rangs;
adjusting adaptively the range within a desired limit; and

notifying if the range cavesds the desired limit.

22, The method of elaim 21, wherein sewing includes setting a rauge that
includes a first range of positions that indicates that the valve is opened and a

second range of positions that indicates that the valve is closed-

73, The method of claim 22, wherein the first range inchudes a nominal

position having #n upper tolerance and a lower tolerance, wherein the second

range includes a norinal position having an upper tolerance and a lower tolerance.
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24.  The method uf claim 23, wherein adjusting includes adjusting a1 least one
of the pominal position of the first range and the nominal position of the secood

range.

25, The method of claim 21, further comprising iterating the act for adjustng,
wherein each iteration of adjusting is indicative of wear in seat materials of the

valve.

6. A method for moni(oring wear in seat materials of 2 valve, comprising:
sefling a range of position;s indicaiive of an openclosed status of the valve,
determining the open/ciosed status of the valve within the desired range;
adjusting adaptively the range within a desired limit;
notifying if the range exceeds the desired limit; aud

ceasing valve operations if the range is within an undesired limil.

27.  The methad of claim 26, wherein the method dees not proceed in the order

presented.

28, The method of ciaim 27, wherein notifying includes notifying an aperator

for valve maintenance.
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29.  The method of claim 27, wherein notifying includes notifying an operatar

when the act for ceasing is executed.

90, The method of claim 26, wherein adjusting includes counting to form a
¢couft each time the act for adjusting i5 tierated, wherein the act for notifying is

executed when the count excetds a desired coums.

31. A method for menitoring wear in seat materials of a valve, comprising:
selting a range of positions indicative of an open/closed status of the valve;
determining, the openfclosed stans of the valve within the range;
adjusting adaptivety the range within a desired limit; and

controlling selectively the act for adfusting.

32, The method of claim 31, wherein the act for controlling is selected from a
group consisting of enabling the act for adjusting and disabling the ace for

adjusting.

33, The method of claim 31, wherein controlling includes atlowing she act for

adjusting 10 execute when the open/closed status of the valve is a closed status.

pal
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34 The method of claim 31, wherein controlling includes allowing the act for
adjusting (o exceute when the open/closed stanes of the vaive is an opened stas,
35.  The method of claim 31, wherein controlling includes allewiny the act for
adjusting (o exzcute when the apen/closed sias of the valve is either closed or

opened.

36. A method for monitoring wear in seat materials of 2 valve, comprising:
setting 2 range of positions indicative of 20 open/closed status of the valve;
deermining Lhe opentciosed stams of the yalve within the range;
adjusiing edapiively the range within a desired limit; and

staraping the time to form a time stamp at each iteration of adjusting.

37.  The method of claim 36, further comprising compiting every time stamp so

as i form a history of wear in scat materials of the valve,

38 The method of claim 36, further comprising graphing every fime stamp 1@

form a graph so as to ¢nable an.analysis of wear in seat materials of the valve.

39,  The method of claim 36, further comprising undoing cach ileranon of

adjusting 50 as (o ¢btain back the range prior to executing the act for adjusting.

21
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40, The method of claim 36, wherein adjusting includes incrementing 4 voumnt.

41. A method for ntonitoring wear in seat materiats of a valve, comprising:
obisimiag a position of the valve;
processing the position that includes adjusting within & range; and

uatifying an operator the wear in seat materials of the valve.

42.  The method of claim 41, wherein obtaining includes ascertaining if the:

pasition is a valid position.

43.  The method of claim 41, wherein pracessing includes verifying if the
position is am open position, wherein verifying includes verifying if the open

position is enabled so a5 to allow processing of the position.

44,  The method of claim 43, wherein verifying includes venfying if the open

pasition is defined.

45, The method of claim 44, whercin vesifying includes verifying if the open

position is in an alarmed mode.
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46,  The method of claim 45, wherein processing includes resetting selected

variables associated with the apen position.
47.  The methad of claim 46, wherein precessing inciudes determining if the
pasition is within a desired range of the open position, whezein the desired range

includes 2 nominal open position and 2 tolerance.

48.  The methed of claim 47, wherein processing incledes adjusting the nominal

apen position so as 1o characterize the position as an open position.

49, The method of claim 48, wherein processing includes incrementing a count

that is indicative of wear in seat materials of the valve.

50.  The method of claim 49, wherein processing includes checking if the count

exceeds an alert level sa as 1o execute the act for notifying.

51.  The method of claim 50, wherein processing includes checking if the count

exceeds an alarm Jevel 50 as fo execute the act for notifying.

52, The metbad of claim 41, wherein pzocessing includes verifying if the

position is a closed position, wherein verifying inciudes verifying if the closed

13
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position is erabled so as 1 allow processing of the pusition.

53.  The method of claim 52, wherein verifying inciudes verifying if the closed

position is defined,

54. 'The method of claim 53, wherein verifying includes verifying if the closesl

postlion i8 in an atarmed made.

535.  The method of claim 54, wherein processing includes resetting selecied

variables associated wish the closed position.
56.  The method of elaim 55, wherein processing includes determining if the
positicn is within 2 desired ravge of the closed position, wherein the desired ramge

includes a nominal ciosed position and a tolerance.

57.  The method of claim 56, wherein processing includes adjusting the nominal

closed position s0 as to characterize the position as a closed positon.

58,  The methad of claim 57, wherein processing includes incrementing a count

that is indicative of wear in seat maserials of the valve.

4
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5 59 The method of claim 58, wherein processing includes checking f the count

exceeds an alert level se as 1o execute the act for notifying.

60, The method of claim 59, wherein processing includes checking if the counr

exceeds an alarm level su as o execule ke act for notifyiog.
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