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1 AMETHOD TO EVALUATE A PERFORMANCE OF A CONTROL VALVE
AND A SYSTEM THEREOF 5 FIELD OF THE INVENTION The present
invention relates to the field of control valve performance evaluation. 10
BACKGROUND OF THE INVENTION Control valves are used throughout an
operating process, to modulate the flow of the fluid through conduits to meet
process needs. The control valves perform in response 15 to a signal from a
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check, especially in sensitive processes where slight variations in the supply
may affect the output of the process. 20 Presently, as part of process
monitoring and control functions, operators retrieve and interrelate vast

FELOUO THEVENTION control system in order to build appropriate mental
models of the process. Operators rely on these mental models to proactively

diagnose control valve and loop performance to thereby evaluate a
Therderacah v eftine wirigs lyiedield pé camrsl exberiesiterprigs S ¥@lyaite.in
the robustness of these mental models. 25 Different operators may have
different sets of mental models, which are formed after years of experience
with particular control valves. No consistency may exist when diagnosing and
BACKGROUNDOOF ATNEINVENITION performance (especially between
experienced and novice operators). 30 Comparing the operating statistics

with that of the manufacturer provided statistics is
Control valves are used throughout an operating process, to modulate the flow of the

fluid through conduits to meet process needs. The control valves perform in response
to a signal from a control system to modulate fluid supply to the process according to
the needs. It is imperative that the performance of each control valve is kept in check,
especially in sensitive processes where slight variations in the supply may affect the
output of the process.

Presently, as part of process monitoring and control functions, operators retrieve and
interrelate vast amounts of data from the control system in order to build appropriate mental
models of the process. Operators rely on these mental models to proactively diagnose
control valve and loop performance to thereby evaluate a performance of the control valve.
Operators experience plays a key role in the robustness of these mental models.

Different operators may have different sets of mental models, which are formed after years
of experience with particular control valves. No consistency may exist when diagnosing and
determining control valve and loop performance (especially between experienced and
novice operators).

Comparing the operating statistics with that of the manufacturer provided statistics is
not ideal as the manufacturer provided data does not take into account the installed
characteristic of the valve.
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not ideal as the manufacturer provided data does not take into account the
installed characteristic of the valve. 2 Presently, offline stroke tests are
performed to evaluate the performance of the control valves. This is not
desirable, as the process will be advergely affected by the downtime during
the offline stroke tests. 5 On the other hand, the performance of control
valves must be constantly checked as performance variations of the control
valves may be caused by leakage and/or bypass open situations. Should

Pregtitoitions tmie sl asecpraaryethio Sualaist henpagermapestetiths gontrol

vEIREESPH lishfBRal-abikltds #ie phieetolinaprasrntdnyantisRdb e lindRiendme
addr e or g% re.of the above problems. 15 SUMMARY OF THE
[

aaadsss o
HIVENT N]ﬁé |r11%13{8'a first aspect of the invention, there is provided a
method for establishing an expected flow rate through a control valve having

o drieamiteshyalve dpurerrtiiE Y EisaeiaRddnauding Ehsignf Uhecked as

measuring a pressure at an upstream and 20 downstream position of the

PEERIRR I RRRTiN St dAtraSIRA RRCRARRS BeiRRRtand/or bypass
oppstsiaaticrs tIShadvtisiseasityzdishionaf becacastsal eahie, testakieshing gamage

: i rate formula of FG Q=CvX~(X)X where Q =
S N

w coefficient AP = differential pressure value
between the upstream and the downstream position of the control valve
It is an object of the present invention to eliminate or address one or more of the above

problems.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is provided a method for establishing
an expected flow rate through a control valve having a determined valve flow
coefficient, this method including the steps of measuring a pressure at an upstream and
downstream position of the control valve, determining a differential pressure value
between the upstream and the downstream position of the control valve, establishing an

expected flow rate using a flow rate formula of :

AP
Q= Cvxgo(x)x\/g

where Q = flow rate,
Cv = valve flow coefficient
AP = differential pressure value between the upstream and the downstream

position of the control valve
G = specific gravity of fluid, and

¢7(X) = an inherent characteristic of the valve
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G = specific gravity of fluid, and ((X) = an inherent characteristic of the valve
30 3 Preferably, the expected flow rate for a linear valve is established
where the inherent characteristic is directly related to the valve opening or
control valve lift with the relationship ~ferr)(x) = x, where x is a measure of
the valve opening 5 Therefore, for linear valves, the expected flow rate is

PP(QL ﬁéj Lpﬁ n%} 801!%"’ ffé\li? rg(?én}gl'agfllh%rg R%OI(SFG%’[ %F&Ih rIehﬁwe mherent

expect owr or an equa percentage va ve IS esta ed W ere

chiarrateritichPaiErtdiic BR1RANIE rd1StigAYRIPABAR-PLZ PO /s At W'th ‘e

rdRBGRMPIHIdeX Fhare2as W enehiiee\E e cRRRIRpIegefore, for equal
percentage valves, the expected flow rate is obtained using the flow rate

formula of : 15 Q = Cv x R-(1-z) x AP G Using the method of above, real
Thierefday thramgaraeysol il paaiebeflohtattedishspughedonsingasiveilow rate
rdneans; It is to be appreciated that a performance of a control valve may be
G rHuceJ using a measured expected flow rate as a baseline for a 20
comparison to be e. According to a second aspect of the present
mvent%rr tiYete o@vided a method for providing a system for establishing
a control valve performance in a process operation, said system including
establishing an expected flow rate for a control valve by 25 measuring a

PedfiateialharexpaEecBaTw(e eare Mo R G EAvMgetiRan ROsHINShed where
the inherent characteristicp(x) is the relationship ¢@(x)=R"™ where R is a

rangeability and x is a measure of the valve opening

Therefore, for equal percentage valves, the expected flow rate is obtained using the

flow rate formula of :

AP
=Cyvx R ™ x |=—
¢ G

Using the method of above, real time flow through a control valve may be obtained
through non-invasive means. It is to be appreciated that a performance of a control
valve may be induced using a measured expected flow rate as a baseline for a
comparison to be made.

According to a second aspect of the present invention, there is provided a method for
providing a system for establishing a control valve performance in a process operation,
said system including establishing an expected flow rate for a control valve by

measuring a differential pressure between an upstream and downstream position of a
control valve of interest and using the formula Q = Cvx ¢(x)x 5+ Measuring an

actual flow rate across the control valve, comparing the actual flow rate with the
expected flow rate to determine the difference in value between the actual and
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control valve of interest and using the formula Q=Cvxcp(x)x, measuring an

VVVG actual flow rate across the control valve, comparing the actual flow

rate with the expected flow rate to determine the difference in value between

the actual and 4 expected flow rate, détermining if the difference is within an

acceptable range of values from the expected flow rate and establishing the
he l. valv ollawi m d_of i
o T o i o e A At S B R o
valHes digieribrcexpeagien flevntrievand epaksaipy  thee RREprBrREsRIMIsingontrol
ving performance of the control valve further includes providing a tolerance
range within which the performance of the control valve is 10 acceptable.

Still preferably, the step of establishing the performance further includes
Fpliovidignghe msihicbbtrabpeaiermsgicie ebtbdacesiablishl@eabarancherf theontrol
vAGAhABG: PPREIRAE AW Fcoy AlkisidifteriihinethsniRleranee range, the

performance of the control valve is 15 acceptable, and when the measured

and expected flow rate values differ out of the tolerance range, the
Ppefeicaivhatice steprd astabishn gtbequdifuyrtaecthoittizs peotroff thivefedket includes
piBYERIP: RRSEaIRL ONR] AR R R kOB AR M SSIRRISAR s

a control valve performance in a process operation 20 said method
ageRRRIRINg an expected flow rate for a plurality of control valves used in a

process operation, tabulating the expected flow rate values for a plurality of

S elexalye pRening for.sagh flualiolcontiol valvessedin AR acessig &
operation, [yl’OVI Ing "an Input mea 0 recelve an Input value 1or a measure

refslly phtBeaReriosmaneAtRbItheateatrebvahes i ehe Wisi thelactudlanteexpaeigd flow
rdteWariesameevithithe tabuitedde exnectestlipytieayrlI®fondhes@Birohive is

valve; and establishing it performance, of the :
acceptakﬁe, and when the ngn)easureé;l and expected flow rate values differ out of the

tolerance range, the performance is unacceptable.

According to a third aspect of the present invention, there is provided a method for
providing a system for establishing a control valve performance in a process operation
said method establishing an expected flow rate for a plurality of control valves used in a
process operation, tabulating the expected flow rate values for a plurality of control
valve opening for each plurality of control valves used in a process operation, providing
an input means to receive an input value for a measured flow rate across a control
valve, comparing the input value of a measured flow rate and with the tabulated
expected flow rate value for the control valve; and establishing it performance of the
control valve is acceptable.

Preferably, the step of establishing the performance further includes providing a
tolerance range within which the performance of the control valve is acceptable.

Still preferably, the step of establishing the performance further includes providing a
result of the performance of the control valve, where when the input and expected flow
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control valve is acceptable. Preferably, the step of establishing the
performance further includes providing a tolerance range within which the
performance of the control valve is acceptable. 30 Still preferably, the step of
establishing the performance further inéludes providing a result of the
performance of the control valve, where when the input and expected flow 5

rdfAC VRIS 8'#5%1 mﬁﬂiﬂ % tOISQ}QﬁSerarQH e%ﬁ&é?%%%ﬂg% of the ggﬁ}i’ﬁ?lvalve

valve s acce e, and when the measured an xpected Tlow rate values

iscrePRIgblST thied tuhamioe reaRsereReaperRxRAgieceliRW I FRiecEeBIgifer out of the

tofeieRtdingnigeatheustiasnastOfstiadoyantien. there is provided a system for
establishing a control valve performance, said method including a flow meter

to measure an actual flow rate across a control valve, a database having at
Aecasting txpdetsid fepecitef fbe inventivn! trekeisarrdvidedrasasitor for @staphishing

atBEnaeiualRNSLARREIRG MovrAlaR8d FRiRRISE ShedReHRIGIRCH B4R CANERLLAl

valve. 10 Preferably, the system further includes an input means to receive

AW [AKLAGASR HPIW ChURIE R RAIERASR AR SISARIRY AR [Rursaipfyr a
ctinéraly steve, fundea incimgesmtodatabaspa@vihg atblaiamnce epgetadthiow 1&te to

eygﬁqigﬁk%ﬁﬁﬁéﬁgﬁg%g &ftﬂbec%ﬂﬂ'iSP\'/éﬂ%‘{e is acceptable. Still preferably, the

system r includes an output means to indicate a performance of the
control valve. 20 Preferably, the output means is a display indicating the

Ppsteenanee sfdamaontier inalvéssPacaigingrieaaditthraspetof theuthwgndan,.the

there.is provided a r{hethod of us ng a system of the present invention, the
actu ﬁflo ra}e &cro%ﬁ e contr v%hv -

method Including the steps of obtainhing a value of
Still preferably, the system further includes a database having a tolerance range within
which the performance of the control valve is acceptable.

Still preferably, the system further includes an output means to indicate a performance
of the control valve.

Preferably, the output means is a display indicating the performance of the control

valve.

According to a fifth aspect of the invention, there is provided a method of using a
system of the present invention, the method including the steps of obtaining a value of
an actual flow rate across the control valve, inputting the value of the measured actual
flow rate into the system, receiving an output difference in value between the actual and
expected flow rate and receiving an information of the performance of the control valve.

According to a sixth aspect of the invention, there is provided a method of using a
system of the present invention, the method including the steps of identifying a type of
control valve of interest, said types including a linear valve and an equal percentage

valve, or location of valve, obtaining a value of an actual flow rate across the control
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25 an actual flow rate across the control valve, inputting the value of the

measured actual flow rate into the system, receiving an output difference in

value between the actual and expected flow rate and receiving an

information of the performance of the c®ntrol valve. According to a sixth

aspect of the invention, there is provided a method of using a 30 system of
Vi Fﬁ%ep%‘?{%é'}}ﬁ%ﬁ’d‘e E??h@(?%f’t?g fiagu F’el(jf@ e ﬁﬁ%"%\;’é entvIogA ty&’[‘? 8litput

control valvg of inferes , Said types including a linear afve and an eaua

diffiereantadie @R RstWsEdREoPelIak 25I6tamRR R dilow ofd apdieReiNing an

infathagseRss the cembialshocdrendniyiiog Bivalue of the actual flow rate into
the system, receiving an output difference in value between the actual and

expected flow rate and receiving an information of the performance of the
control valve. 5 DESCRIPTION OF THE FIGURES In order that the present

DESSRIPTION GRTtHErrduEgnderstood, embodiments of the invention will
be described, by way of example only, with reference to the 10

accompanying drawings, in which: Figure 1 shows a first aspect of the
Ipoedenthiaivinetionestepictegtibe migthde steps fidly eststisiudgeamespestésiof the
ifRAiEHE WArowh aenBol valye i Figure.asBrvS Aipesnid aeReehQl thE the

present invention depicting thé method steps for estabiishing a performance

apF AR OO /AidwineRyUredisRows a third aspect of the present invention

depicting the method steps of providing a system to establish a performance

F u?ec?'gﬁ%l/\ys"’.‘g/?i;r&néjsggcf @‘u{lfedb?‘&%\ﬁﬁ]\fgﬁ%iﬁ %%%?rcﬁrﬁng H?S ?{e%ﬁggtst?ps for

IRvention depicting the 'system for' establishing a p ce of a contro
egadishin@apievIepehipecaiaHucHA6ABI e ¥ad¥ehe reference numerals
have been used for

Figure 2 shows a second aspect of the present invention depicting the method steps for
establishing a performance of a control valve;

Figure 3 shows a third aspect of the present invention depicting the method steps of
providing a system to establish a performance of a control valve; and

Figure 4 shows a fourth aspect of the present invention depicting the system for
establishing a performance of a control valve.

In each of the aspects and variations, the same reference numerals have been used for
similar components, merely for ease of understanding the specification.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred embodiments of the invention,

examples of which are illustrated in the accompanying drawings. While the invention will
be described in conjunction with the preferred embodiments, it will be understood that
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25 similar components, merely for ease of understanding the specification.
DETAILED DESCRIPTION OF THE INVENTION 30 Reference will now be
made in detail to the preferred embodiments of the invention, examples of
which are illustrated in the accompanyifg drawings. While the invention will
be described in conjunction with the preferred embodiments, it will be

th%nd SW ‘iléﬁé %‘"i‘{ n% %B%e% égéite%%daﬁgrqt%né% t{szésgontrary the

dlmen e COFI ary, t e 1nvention Is inten to cov
Iryﬁ@fwaﬂ@e@t,qw&ﬂﬂ@atm alirmagivRalBndiligatiensraag agwwfdﬁmwwiﬂmmmebe

iriiEangtBrFoPpe @bﬁ%ﬁ&@éﬁ@@smﬁnemm thedqepreaddrdaippended claims.
E tfthernporel thf Iolvlvowm > é de”s %’[IO Eftheegre (-;,-rqlt mvgrptlﬁnmemus
Hﬁé%%&s@&% gé Sﬂsgé t 5t Eﬁ 8Pt 1B PECREE 880G n

Sm@maatadmgrafsméqmt’@gentdm\/temrowdlel@NW@ughwmd@estﬂmﬂmsotfdmament
irfEdinahy 1sbilREthe il tB@%‘é\ﬁo%@ﬁ?Bﬁé%Y%ﬂH%&‘%M IPSfRF%CQRQHéWME)HFesent

these speC|f|c details. In other instances, well known methods, procedures,

I SRHSEE A DS REPRIGR A 4TRSS, RRET e Satisq I QB Insiangssygve!l known
metinete Szaibdoless wergEpects ofthdqresentimentiobedd desoithagiaatail as

nﬁg% %ﬁ@?g&@g&ﬁ %%%UP@%&%%@%?&%{%QE tﬁvgﬁﬁ e is provided a method

of establishing an expecte roug control valve having a
determined valve flow coefficient. The method involves the steps of

ABtRAGHGNG A M sspecabAhenatesaBraas ﬁ@ywnstrea@up@sitiﬂmfé {Brovided a

AP AvR gL est Al mining he dfiential iR s P ElEen g o
upstream an Str pOSI I0NS ana estanlisning a expec ow rate
dq’qemlg}e@qéaim]tﬂéwawﬂmﬁétexﬂé@eaeﬂbw iwelkeastiadIRiaps gsintpasering a

pHURte{OEMUIBsBEMM Parfd=doXXstten2BdtoM Y EAEE control valve of interest,

determining the differential pressure between the upstream and downstream positions
and establishing an expected flow rate through the control valve. The expected flow
rate is established using the flow rate formula of

AP
0= Cvxq)(x)x\/%

0 = flow rate,
Cv = valve flow coefficient,
AP = differential pressure valve between the upstream and the downstream

position of the control valve,
G = specific gravity of fluid, and

¢(x) = aninherent characteristic of the valve.

The performance values provided by a manufacturer does not take into account the
‘installed’ valve characteristics, which have a bearing on the actual, or expected flow
through a control valve. Therefore, an indication, or performance of a control valve may

not be obtained from a manufacturer’s data sheet.
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Cv = valve flow coefficient, AP = differential pressure valve between the
upstream and the downstream position of the control valve, G = specific
gravity of fluid, and 25 (err)(x) = an inherent characteristic of the valve. The
performance values provided by a marfifacturer does not take into account
the “installed' valve characteristics, which have a bearing on the actual, or
expected flow through a control valve. Therefore, an indication, or
performance of a control valve may 30 not be obtained from a

ThespuRse trers v atacsiitiéerentThiess 0t epotialywsleaifferiaakingiver apauegual

pY¥Rl¥RtagdNeAe/alvR ANt Relsi nRecentage sy atedtoasiakdishmeat of#hainear
expected flow rate differs. For linear valves, the expected flow rate, g%és ,
lv with the

ValEsiE BYRaRHRHg e SiRHRMERRGNTPEIEBGIlE BF TR

vapennthel halefepnsanTesestiie, él&"tﬁﬂ éi@&fﬁ’&lé’ %ﬁéfﬁaﬂﬁ@%%% h& &Sened,
_ gg&g tg)zgfore becomes 0.5, and this value is input into the equation. For
l. |

dhesgrepREaMAR RpBRER VR 1SS, ITPUS Bt HIREGYRHON-
substituting the symbol (err)(x) with the equivalent, whereby the relationship
(x) = R-("-z) exists, 10 where R is a rangeability and x is a measure of the

q ) . e
FOnRRVBLBRFR PRBrSANRS: dBREREIFHI WP &h &7 9RIFRGE tayesiiagdhe
i = i If opened. y.e. x=9.5,hy the

S e A e Eae Bt into
the equaiorR15 & clinyeialy it eundethie  ofedsove ofibeevadee tukfing rate at
various valve openings may be obtained, which will then serve as a basis for
comparison when comparing the actual flow rate and an expected flow rate

THELe 1950t A8I AN VRIAEBISe MRE B03BS AR PR SRMFEF R4 SeUSEEh Wil Ftro |30, and
wralyendnilie methadessiablishing the peyfemaRce,0aiaa above, ¢(x) therefore

becomes 0.18, and this value is input into the equation

Following the method of above, the expected flow rate at various valve openings may
be obtained, which will then serve as a basis for comparison when comparing the actual
flow rate and an expected flow rate at a particular valve opening to establish a
performance of the control valve. In this method, establishing the performance of the
control valve is non-invasive and doest not require the downtime of the control valve,

and therefore the process line will not be affected.

According to a second aspect of the invention as seen in Figure 2, the method provides
for establishing an expected flow rate of a control valve at a particular valve opening
using the method of above, measuring the actual flow rate across the control valve,
comparing the two values to determine the difference between the actual and expected
flow rates and determining if the difference is within an acceptable range of values from
the expected flow rates to thereby establish the performance of the control valve.
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control valve is non-invasive and doest not require the downtime of the
control valve, and therefore the process line will not be affected. According
to a second aspect of the invention as seen in Figure 2, the method provides
25 for establishing an expected flow raf of a control valve at a particular
valve opening using the method of above, measuring the actual flow rate

Tﬁ%oi%éggtgﬁgtmlja\ﬁ 4 o?ora@%ﬁ%éhge éf/@%se%)g&gy%]é?ea@&al floyfv rates,

erenc etween e a(;tua. xpecte W rates an er_mlnlng | .the
flifapc RS sthin ks liatebtdb KnaMy s ¥ AR AT AP expaie@MRyis any

pFedesetoninedel astaiiishrige harieapascarl e sastQeabagd & Hdfow rate
cce e ral\ge of dl.ﬁ‘erTnce betV\feen {Bg

{abl /ex ected and actual flg rate

at 5 RAL A SEIE SPALL Al R RS A L2 s ATl 125 X eig g e at a
pariigufsediiveronaeid acuep hbicomag@itiauinasabe taloulxecsxpeciepdiowmaigeior
e%ﬁﬂﬁef,l QW ggﬁ@, &t & @"H\Fi,cé”@ﬁ MB{X %(%b?@iirﬁ@tcf FeYeERIGA Y slue from

the expected flow rate at a 5 particular valve opening, or it may be an
absolute value from the expected flow rate, for example, 10 pv, or +10 pv, or
In FOpari atcgriia o dpiatle sinagee ntayf reusdr-dinidedainiadi s nb tren gex ciptadatample,

Mﬁ#%ﬁ@%ﬁﬁ@%ﬁ%‘@‘ﬁd@ -,nlrﬁ’eﬁl{hérg@%ﬁn BRSNS RINEs determined
ifferentia n

‘ JIs 1 pv, then the performance of the control valve is determined
ag (pxselisttel Rt ASA HiftREBIREFeAtAIRY 10 19 BYOTRONtHIENaRrebMalse is
derlmaiiedelerninegoas’; @iy ghen trndivdnemithesdiffereptiabis Holopwithen the

10.0 pv, then the contrpl valve is determined as "qood’. As car be
oI ORI IR Te G, A e SRRl e

exanges the auetdsteanredilpissateteraiaediae canseicepushiiiaprl éetermined as

‘UnaskestdBlinyRS ination ReeIHIGRBSRAGHANS SR @ficatRie Aeiemrsa Adllio pre-
ituation. The presence of sub-divide &%{l%ma also serve as an
e

failure s tlfla4

emeﬁcaa{f&!h B ERURYRS: JBRIRIGRSNGARY [Y S(iRyaleg serve as an
insicaipieoiwiizan theedrcblaldloe isteteedmtd s neaselient’ o peaingae ahen
tHOLBRHEE VM 1KRFRRBE as ‘excellent’ the next time a measurement takes places

would be four weeks later, and if it is determined as ‘good’ then a next measurement
time would be one week later, etc.

In a third aspect of the present application as illustrated in Figure 3, the invention
provides a method of providing a system to establish a performance of a control valve.
The method including the steps of establishing expected flow rate values for a plurality
of control valves used in a process operation, the types of control valves, be it linear or
equal percentage, and at the various valve openings. The expected flow rates are then
tabulated in a table of database for subsequent reference. An input means is provided
to receive an input value for the measured flow rate across the control valve. This input
means may be in the form of a keyboard, keypad or any other imputing devices
available. A comparator is provided to compare the input and tabulated expected flow
rate to establish if discussed, the performance may be established to be acceptable or
unacceptable using a tolerance range as a basis. The tolerance range may be
calculates as a percentage from the expected flow rate, or an absolute value from the
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would be four weeks later, and if it is determined as "good' then a next
measurement time would be one week later, etc. 20 In a third aspect of the
present application as illustrated in Figure 3, the invention provides a method
of providing a system to establish a petformance of a control valve. The
method including the steps of establishing expected flow rate values for a

e J)‘%@QH’ﬂ8ﬁv‘3f’£5ﬁ°' Na}g’g?sb‘se?ﬁ/i%%’é%%%stﬂ%e%‘ﬁai?gné@? }Xﬁ’ge/& %%9”&% for
alves, be it linear or equa percentage, and at the various valve penings.
diffeecak peetal YRivesarsdtaRay-Fetdpunariaiyalvapluseodatdiigsentgrortions of a

pEARSSI U NSIPRNGE o PrHBBLE WNEaRStHe eVdRMY IR IRsRIYRQdNRUbMalIRigh,
' for EEe tmleasured flow rarofg a%:r% s the control valve. This input means may
50 SHL PPRT B A REYBO R R i%ﬁ‘&%Y'&%;Y%rﬁ?er imputing devices

available. A comparator is provided to compare the input and tabulated

IEXREFIHHOW S EMB MRS AMRE, IDAvesSed coMe RESIPIMANESNMOR user to

“established to be acceptable or unacceptable using a tolerance range as a

inpyLiefentSiettiaR SR LY mbPDaT EaALYAY S5 RFRARRAHYNPlHRe control
valxpestett dioncratecton@e abd dhuer i aadrondkenhCe exppctedyflonotatindtitor a

c@ﬁ@a‘ﬁ%ﬂ‘é}%%d?%gngo‘,"é%@é‘ffééﬁgﬁsH“é‘ﬁ%’f%ﬁwﬁq{cé’ﬁ?ﬁ%@o%?@‘ig?élve.

es, or it ma r for control valves use Ifferent portions o
process, for example, in a process where the sensitivity to flow rate deviation

Figdrigh, ithendfs talésaneedgnas vilkkhe peyentandearitenveegactmin & system for
variation, the method may further.provide a secaond input.mean allow a

o P i R e TS RN 5, Rl 100
inglodiem dpmanetaitié tvangasurcthaeaioah iy eXpanwssiwe aatirghdbie, shown

ifQlgsanrRd s may Neprtabahict 2 $eganaisande, he rridsrmesh R @altfow

establish a performance of the cantrol valve. 1 ,
across tlhe co troT valve at interest 8 ﬁ%e system?urther includes a database or table

30 to tabulate the expected flow rate/s of the control valve, and a comparator 40 to
allow a comparison between the measured flow rate and the tabulated expected flow
rate to establish a performance of a control valve.

In an alternative, the system further provides a first input means to receive a user’s
input on an actual flow rate through a control valve of interest for a comparison to be
performed. In another alternative, the system further provides a second input means to
allow a user to input an identity of a control valve, or a locating of a control valve to
allow a comparison to be performed. As can be appreciated from the preceding
disclosure, the tolerance range to determine if the control valve is in an acceptable or
unacceptable condition may be dependent on the type of control valve, and/or the
location of the control valve. As previously discussed, the tolerance range may differ
depending on the criticality and sensitivity of the process to which the control valve is
supporting.

In a further alternative, the system further includes a display means to display the
established performance of the control valve.



Figure 4 illustrates a fourth aspect of the present invention depicting a system
for establishing a performance of a control valve. As seen in Figure 4, the
system 100 includes a flow meter 10 to measure an actual flow rate across
the control valve, shown in this figure s a first 11 and second 12 pressure
gauge, to measure an actual flow 15 across the control valve at interest 20.
The system further includes a database or table 30 to tabulate the expected
flow rate/s of the control valve, and a comparator 40 to allow a comparison

Th@wgﬁﬁcﬁh@ﬁﬂfwwmdﬁlﬁmr@i%&?@ii B@i@ﬁaégg%@doespe@é@doﬂ@&/am ténly, and
| erform ontrol valy n an alternative stem
R R e e i T e e e AR ARl B R R
clairesthrough a control valve of interest for a comparison to be performed. In
another alternative, the system further provides a second input means to

allow a user to input an identity of a control valve, or a locating of a control
valve to allow a comparison to be performed. As can be appreciated from

the preceding 25 disclosure, the tolerance range to determine if the control
valve is in an acceptable or unacceptable condition may be dependent on

the type of control valve, and/or the location of the control valve. As

previously discussed, the tolerance range may differ depending on the
criticality and sensitivity of the process to which the control valve is

supporting. 30 In a further alternative, the system further includes a display
means to display the established performance of the control valve. 11 The
embodiments of the invention have been advanced by way of example only,
and modifications are possible within the scope of the invention as defined

by the appended claims. 5
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12 CLAIMS 1. A method for establishing an expected flow rate through a
control valve having a determined valve flow coefficient, this method
including the steps of 5 measuring a pressure at an upstream and
downstream position of the control valf; determining a differential pressure
value between the upstream and the downstream position of the control

c a}iyﬁ'sestablishing an expected flow rate using a flow rate formula of 10 Q =

v X q(x) x FG where Q = flow rate, Cv = valve flow coefficient AP =

differential pressure value between the upstream and the downstream

1positiannedtHir) sontahymumd atexpeResi foar syt iroliyif a dddten Vaireathving a
di herentdchaﬁaijeristic Ef the vtglve 2. ﬁ‘ Qﬂ.etrlwo act ordjng to.claim 1, wherein
SIS AR SRETEE A inBiE VSN L EYRABA NG S RIEPE the inherent
charagteaisitiing diretiyurelstednaifisy saivaopaiongsiPeaor poaltioheflvediftontrol

vt the relationship gp(x) = x, where x is a measure of a valve opening. 3. A
method according to claim 1, wherein the expected flow rate for an equal

percefBiEINGE B SHSHHIRIRIPRSY She HferRRMERT allteridhElERk)aed the
divenstledionsiajhion (&) theRedhikpRialvbere R is a rangeability and x is a measure

of the Vs?é‘\?vg@ggq;meﬁp&{e&w AQE RN 8L PRI FBTSsablishing a

control v ormance in
0 = Cvx g(x)x \/E
G
where Q = flow rate,
Cv = valve flow coefficient
AP = differential pressure value between the upstream and the downstream

position of the control valve
G = specific gravity of fluid, and

¢(x) = an inherent characteristic of the valve

2. A method according to claim 1, wherein the expected flow rate for a linear valve
is established where the inherent characteristic is directly related to the valve opening

or control valve lift with the relationship ¢(x)=x,where x is a measure of a valve

opening.

3. A method according to claim 1, wherein the expected flow rate for an equal

percentage valve is established where the inherent characteristic ¢(x) is the relationship
p(x)=R"

where R is a rangeability and x is a measure of the valve opening

4. A method for providing a system for establishing a control valve performance in

a process operation, said system including
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a process operation, said system including 13 establishing an expected flow
rate for a control valve using a method according to claim 1, measuring an
actual flow rate across the control valve; comparing the actual flow rate with
the expected flow rate to determine thd35 difference in value between the
actual and expected flow rate; determining if the difference is within an

acceptable. e of f expected fl te: and e ishin
perfolr%gr?gé%p h@c% %%F?/i?\ggew ?%tg.)fglemtge}héé) Ilgréécﬁ)?\é?ﬂ\éec:o c%g#iwt% %Q%Od
agaeedisle slatdp! of establishing the performance of the control valve further

includasyaiding adelarasneediandgsosdte wiigbl thaveerformance of the
control valve. is determined.as acceptable, 6. A method according to claim 5,
wher i R kg o1 SCIABI e e BARORAE A RHe Al e et
differeiniadrav el helivien peefestnahaedafxbectashtiay valee, where when the
actuahaphiiRg Sted dlAmeriRce vesidlifesyitia b oleruc e r3aRRsdm the

performance of the control valve is acceptable, and when the measured and
egsRietbioHo @R Jalues differ out of the tolerance 20 range, the
perforestatdiehifidheecoatimmeaice ¢ theaowepibidee’. A method for providing a
system for establishing a control valve performance in a process operation
said method establishing an expected flow rate for a plurality of control valves
Sused hRETLPRIGOE P St7IM: taltiRiGHY eSS cestrRit iR degEfBRNCE
of plerabibtref canwokviahes onsiteg fPoaIRg Putaliiantsaatighvamues ugachinhe

a process operation; , ,
per%rmance J5h8" 8 Mrol valve is determined as acceptable.

6. A method according to claim 5, wherein the step of establishing the performance
further includes

providing a result of the performance of the control valve, where when the actual
and expected flow rate values differ within the tolerance range, the performance of the
control valve is acceptable, and

when the measured and expected flow rate values differ out of the tolerance
range, the performance of the control valve is unacceptable.

7. A method for providing a system for establishing a control valve performance in
a process operation said method

establishing an expected flow rate for a plurality of control valves used in a
process operation;

tabulating the expected flow rate values for a plurality of control valve opening
for each plurality of control valves used in a process operation;

providing an input means to receive an input value for a measured actual flow
rate across a control valve;

providing a comparator to compare the actual value of a measured flow rate and
with the tabulated expected flow rate value for the control valve; and establishing if the
performance of the control valve is acceptable.
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providing an input means to receive an input value for a measured actual flow
rate across a control valve; 30 providing a comparator to compare the actual
value of a measured flow rate and with the tabulated expected flow rate
value for the control valve; and establidAing if the performance of the control
valve is acceptable. 14 8. A method for providing a system for establishing a
control valve performance according to claim 7, wherein the step of
establishing the performance of the control valve further includes providing a
8tolerafic@eHIngeiritPiAvdIena Iy emoieh st 8 eoniiel YalkreRsrformance

abEsRIMINRIASACEERtEIEn Iné st bIRARINI NE A SFRhAEs BORE Wdntrol

claim 8 wherejn the step of estaplishing the performance further jncludes
T P ELES FER B G IR TR MR e HER g of the
compil VElvarngidstpeciestfasacaeptedlaes differ within the tolerance range, the

performance of the control valve is determined as acceptable; and when the

measured and expected flow values differ out of the tolerance range, the

IperformiAqd dRtPMINYA%E MBS INY 118, AAlTLRWRSF R ABnHsHRR ©f
estalisiolgvtils e eéoforanandertsaidnoiedesd including a flow meter to measure

an a‘é&é@éx% %F‘ng%‘ﬁIB?ﬁwétfrigﬂHﬁﬂné{ﬁé\é éﬂﬁ@&%ﬂﬂ%ﬁ?@%f‘%ﬁéﬂgﬁﬁghe input

expe rate for a control valve; and a comparator t6'compare t
apgEAPeaieceipu Rl YRMES M PAIYEND QdBIRRNa% pRIRIMRIREEYTARCE of the

ceatndlalaraive detbirhinAbystestsptaslediagato claim 10 further including an input

means to receive an input value of the, actual flow,tate across the control
e BATRE el A UE AN HAT AL IR AT S BEINER range,

thadadesnagegapdetermined as unacceptable.

10. A system for establishing a control valve performance, said method including

a flow meter to measure an actual flow rate across a control valve;

a database having at least an expected flow rate for a control valve; and

a comparator to compare the actual and expected flow rate value to establish
the performance of the control valve.

11. A system according to claim 10 further including an input means to receive an
input value of the actual flow rate across the control valve.

12. A system according to claim 11 wherein the system further includes a database
having a tolerance range within which the performance of the control valve is
determined as acceptable.

13. A system according to claim 12, wherein the system further includes an output

means to indicate a performance of the control valve.

14. A system according to claim 13, wherein the output means is a display indicating
the performance of the control valve.
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25 having a tolerance range within which the performance of the control valve
is determined as acceptable. 13. A system according to claim 12, wherein
the system further includes an output means to indicate a performance of the
control valve. 30 14. A system accordiihg to claim 13, wherein the output
means is a display indicating the performance of the control valve. 15 15. A
method of using a system of claims 4 to 6, the method including the steps of
obtaining a value of an actual flow rate across the control valve; inputting the

15alue dfMato@ Rflgioova sistritbaheafsdrip 6 tbednatipaineuging digcichecf
in valggiarping anine a iabsid g cdes dtovssrate canddieediving an

information of the performance of the control valve. 16. A method of using a
ot TR TR o e AEi AR ToUR 0 BRI ERY 10 entiying o
type obceiningl ealvetpfiintéfersneaith typlos inelwdi thdimstralod exmgetad flow

rfgughdpercentage valve; obtaining a value of an actual flow rate across the
control valve; inputting the value of the actual flow rate into the system,;

receiVitF AN AP IRferRElian RS RUILPBRANERA I Se11W! XAl &xpected flow

15 rate; and receiving an information of the performance of the control valve.

16. A method of using a system of claims 7 to 9, the method including the steps of

identifying a type of control valve of interest, said types including a linear valve
and an equal percentage valve;

obtaining a value of an actual flow rate across the control valve;

inputting the value of the actual flow rate into the system;

receiving an output difference in value between the actual and expected flow
rate; and

receiving an information of the performance of the control valve.



