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1 A METHOD TO EVALUATE A PERFORMANCE OF A CONTROL

VALVE AND A SYSTEM THEREOF 5 FI ELD OF THE | NVENTI ON
The present invention relates to the field of contro
val ve performance eval uation. 10 BACKGROUND OF THE

I NVENTI ON Control val ves are used throughout an
operating process, to nodulate the flow of the fluid
t hrough conduits to neet process needs. The contro

val ves performin response 5to asignal froma
control systemto nodulate fluid supply to the process
according to the needs. It is inperative that the

per f ormance of each control valve is kept in check,

I
CPPSIRSH LA Pt RGN, i

process. 20 Present as part o process nonitoring
and control functions, operators retrieve and
interrelate vast anobunts of data fromthe contro

ﬁ%ﬁ@mﬁ@ mvﬁg,)-,d,@ buil d appropriate mental nodels of
t er

e process ators rely on these nental nodels to
proactively diagnose control valve and | oop

Tﬁ’@brfegérm?f%ﬁtlctnoreta%rt@ e RYRLURhEoIYaRED ﬁ&%?\%g e%lue‘t%ﬁ

control valve. Operators experience plays a ke

in the robustness of these nental nodels. 25 D'fferent
operators may have different sets of nental nodels,
which are fornmed after years of experience with

BASKGROWND QFoHIE BIVENTIORS . No consi stency may exi st

when di agnosi ng and determ ning control valve and

Iy b d and
I B 6, 2 4 o oA AIGE PS5 P RS th Tow o te

fluid atrowghi @®ditstth nideat profesk heedBNTHAEIHORValNRIsSPErAAE in response
osg gitglngltflro%alcontrol 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 contro
valves. This is not desirable, as the process will be
adversely affected by the downtine during the offline
stroke tests. 5 On the other hand, the perfornmance of
control valves nust be constantly checked as
performance variations of thé control val ves may be
caused by | eakage and/ or bypass open situations.
Shoul d these situations not be arrested early, the
extent of damage inparted to a process will be great.
Pg[s@senuy, ioflirenstalig dests afe pdmnermped keevaluatey thetpeefarntance of the control

the a
Bty RS € LaBTRRRS B Brtest BRI AR R gy s goumime
dyringdhe gffnectrols testse i nvention, there is provided a
nmet hod for establishing an expected flow rate through

a control valve having a determ ned val ve fl ow
Opdbe pther dand. theipsriermaneel of aentiadivalyes Mestsibee penstdntly checked as

péfﬁﬁ‘&ﬁﬁéé"%r%tu@ﬁseéﬁ% %orﬁFol @QIVé@ﬁ\ta %@@a@% Iﬁplegﬁ’é@esérrd?oqryypass

posSI tion of he control val ve, et erm
OEﬁ’\‘ $ikrbeRS: aﬁh?ﬂké%ﬁ? &ityations nobbe aeested ﬁerlxu pke petant efndhmage

Md&ﬂe&%’@ﬁf&c@%nﬂ@@'g?éa@n of the control valve,
establishing an expected flowrate using a flow rate

formula of : FG QCvxrp(x)x where Q = flow rate, 25

It GvarFobjattvet tiid presanoaivemtiohadtelivifate i iHRESBAd 8} mBFLSSHE Sbove
bet ween the upstream and the downstream

positiion of the control valve

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 :

g= Cvx¢(x)x\/’%

where QO = 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

go(x) = an inherent characteristic of the valve
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. G = specific gravity of fluid, and rp(x) = an |nherent

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 val ve opening or control valve lift with the
relationship rp(x) = x, where x is a neasure of the

val ve opening 5 Therefore, for linear valves, the
expected flowrate is obtained using the flowrate
formula of : Q=Cvxxx VG Preferably, the expected flow
rate for an equal percent age val ve is established

Pr eefr t?h( Onshé)éo%c ? f E\ét? "93%?‘ 2 r%le\%F Iyae\t/eldfs:rep éagl}sheg w?\ere the inherent
cfnaam!ﬁ@m |I$t®rreatiyd rotated ta thea\smee opénincgher \ahtve obeniifigwith the
fo ual, per | ves, .t he expected
eH?Sns 'p QIB?%.I n!és ug%ﬁge ?ptﬁe V%V%W?néqge formul a of
: 15 CFCMxRt r)x I~ ~~G Uslng t he net hod of above,

: flow hroygh a cont val ve be obt ai ned
TRt HOR SRedTr . e o S8 el Buraiiat low rate

fdrinaka oft: per f or mance of a control valve may be induced
usi ng a msasur expected flow rate as a baseline for
% g?‘g to be nade. According to a second
aspe p;resent invention, there is provided a
nmet hod for providing a systemfor establishing a
control valve performance in a process operation,

P&@érﬂbl?)’fﬁb%%bé&éd! 6 Pake 86 aﬁbbg 'p@&eﬁt@g@’@&@@ﬁsegst%lf?,%d where
rate for a control gl ve 5 neasuring a

thei ffﬂ@r%ﬁwf@raqtﬁf@%@(w lbeﬁv@ee&ﬁatmnsfmpstﬂf)éaaﬁ Ard where R is a

rang\é\nanblhty and x Qso g’ Imtelagtpre oF the valve opening

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

flow rate formula of :
AP
= Cvx R« 1/———
Q 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)>< < 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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rp(x)x V., nmeasuring an VWW G G actual flow rate
across the control valve, conparing the actual flow
rate with the expected flowrate to determ ne the

di fference in val ue between the actual and 4 expected
flowrate, determning if the difference is within an
accept abl e range of values fromthe expected fl ow
rate and establishing the performance of the contro
val ve. 5 Follow ng the met ho# of above, a user is able
to establish a performance of a control valve w thout

t av i or experi,ence w.th.the contr,0
SO o Lo B § R bFRERAT Pibin g RibBble range o
vplges domatiheeepictet dloporate ahd \eatablisHing theeperfanmboeiesf the control
vAkQviding a tol erance range within which the

performance of the control valve is 10 acceptabl e.
Still preferably, the step of establishing the

FtBﬁJev&ind RENDY O BESvel QQJSHIdESabFH @)\alif%éeﬁlgf\}\% &e;r(%méerﬁ:eﬁf] 2 control

performance of the contro
valve wihouh te eegdde have Ariopaxrerigaee with thesodirdlvalvei t hi n
the tol erance range, the performance of the contro
valve is 15 acceptable, and when the nmeasured and
Pesterably e sleppf :eagé"s\mgdb% perfarmancaef the eontipb valyefugherrioeudes

pFARGR) at BRrARES @hg@ﬂ/ﬁ@\iﬂ Whithakeepd fingnc\of MdicBatrdi Vvaive is
ath|r aspect of the present invention, there is

d a nethod for providing a systemfor
establishing a control valve performance in a process
0  sai i shing an expected

[ 2 t hod t abl -

PP Bletrall 16 85 bl GEPIR Do ghe Beifoines ArTee Meles providing a
rgsulh oEthe pefernainice of tlh_b abmk?wmgtwmfte emafe tHeesttdd and é)fﬁgr@ted flow

I f .bl ty of contr.o alve o in .
A5LHESs lr BBt 50 bE bR PorgalSl vate i
acgeptadtd, @and vhreovihdimepsusd ampetpectanow cate aameyaifﬁp ou} of the

i f rate across a contro

ARt M3l e al-Lhall

ué of a neasured fl ow
rate and with the tabul ated

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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25 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 contro

valve is acceptable. 30 Still preferably, the step of
establishing the performance further includes

providing a result of the pgrformance of the contro

val ve, where when the input and expected flow 5 rate
values differ within the tol erance range, the

R8T VALERHer OfvitthiR StHeO M1&Rhce/ n\j? th'espe@l%ﬁﬁmc@kgf he @c?‘?rol valve
when the neasured and expected flow rate values differ
ipagcepiablenand WBP@l“??n@éa%"Lﬁ% and expectask flayy raie velupss differ out of the
tIEBREERNGE R perfopaRELs Rdad@p@bleour th aspect of the
invention, there is provided a systemfor establishing

a control valve performance, said nethod including a

AlckSrding RS 8Fourt d¥BEctoF theafventibn Mhere Id BHOLiHAS 8 sRRAEATS Atablishing
control valve, a database havj ng at | east an expected

aQOBP ValE PPEFENcR GRI B Nod s dng Ao St ametsuen actual

ﬂawrmtaraerdsba avetroialahand daidpasd Ravidd @lWeés’tltaﬂ éx?ected flow rate for a
contro

est sh the erfor ce of th

B dph gt B eln b et e Arses aah xbsind Aewrgte to
ettablishdiee pafoumahdeafithe adriel wfivet he actual flow rate

across the control valve. Still preferably, the system
further includes a database having a tol erance range
Préfetably, the Systamcdhrthdrangedesamnapd enazns tid eeceivetandhputabve of the

ab@aﬁ‘f‘ogﬁrgfeaak&oess 1 {:Arltropva?\; erably, the systemfurther

an outp neans fo indicate a performance of
t he control valve 20 Preferably, the output neans is

Sl P}e‘fé?ém’ thé g%fs‘%é\% Iiehdr ]E}?c#d%é LOARACE Pg{/iﬂé Qﬁol‘é%%é Pzir?ge within

Accor th aspect I nventi o

waérﬂee PfoFNanG @eacqr@ph\@cblew agpspiaylea

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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system of the present invention, the nethod i ncluding

the steps of obtaining a value of 25 an actual flow

rate across the control valve, inputting the val ue of

t he nmeasured actual flowrate into the system

recei ving an output difference in value between the

actual and expected flow rate and receiving an

i nformati on of the performance of the control valve.

According to a sixth aspect of the invention, there is

provi ded a nethod of using a 30 system of the present

invention, the method including the steps of
vél@ée rﬂdutﬁﬁbrﬂga il FehOhctuSMh Rle Yrﬁ‘& \{ﬁe E\e/ erE@e?\;m S@! Sutput

types including a linear valve and perce tage
diffaepes iprvalusc pgtvenn dhe \agtuab, ar@b@meﬁteﬁgﬂw vateuendafre%mvmg an
inffFindfdn éfltm»bérwnﬁa@&rmﬁe EdMerob@iNer ol 6 val ve,

i nputting the value of the actual flowrate into the

system receiving an output difference in value

bet ween the actual and expected flow rate and

(VA ] ion of the performance of the

D%gﬁﬁ'ﬁ@@aﬁ@é%ﬁ%@ | PTION OF THE FI GURES I n or der

that the present invention night be nor e fuIIy

er d. _enpodi nents.qf the venti o
Ing S8 THaRE s o udhy e Manp I e PP iy of he
intld!fﬁionm/illacbeordpsmyoiemg byr avaiyng§, exlampu;hlariy witigureferdnce to the
Pﬁﬁ%b£ ng Bmof the present invention

Steps for establishing an
expected fIOM/rate through a control valve; 15 Figure

Flg r%hp\éﬁov@s 3 9t Qg?%g 3)?%3 Bies%llﬂqn\@'nﬁér? E{aplb%\éetﬂglnqahod steps for

epi cting the e esta
e%i@b"ﬁb'f‘ﬁrﬁﬁ@éP%*edaﬂq‘z\brﬁterfbrOU@bIa\F@ntrthlVglyﬁ,e 3 shovvs a third

aspect of the present invention depicting the nethod

steps of providing a systemto establish a
Flﬁ@@f%?h?ms@ese@Pndaawﬁt ofdhe presgrtinveAtiorpdenigtiga the metbpd wigps for

edlabilighihg B pREGREINCO DS 4 Bonti) @a@Nt | nvention depicting the
system for establishing a performance of a control

val ve.
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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In-each of the aspects and variations, the sane -

reference nuneral s have been used for 25 simlar
conmponents, nerely for ease of understanding the
speci fication. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

30 Reference will now be nade in detail to the
preferred enbodi nents of the invention, exanples of
which are illustrated in the acconpanyi ng draw ngs.
Wiile the invention will be,described in conjunction

with the preferred enbodi nents, it wll be understood
that 7 they are not intended to limt the invention

te9 sk RSEnRARRILTRIM tRe mQ@nt'iJF‘?toCtﬂQéé' é‘rﬁb’cgj r%n@@(s bﬂ‘ﬂ%‘&dnggry the

iS intended to cover alternatives, I catrons an
Ny Eiopds E¥Rnsled iihevRr Atgmaves) Tedifipatiensyandtriauivalestss phich may be
m@fﬂ;@e& GRRA tlQef sﬁu’ﬂ%nﬂ '%\'5&514 bfocﬂe el L3RR M‘ﬁleaa&B@m%lalms

cl ai s. r nor e, the follow ng d

Fasrmeps '%H“eoﬁO"?VHEsg ﬁﬁ?&@%tdeﬁww@m PbHe prasrit duenbon, numerous

s detefils @RS Sdt liGrthAh drdeRto bRIVIdR d thoRUEHE lindePstRF@NG 8&th& present
t hor ou%h under st d| n of the present _invention

B HOWPYer i il 5dR.one 6" BrinaBr Skl of haayt (R the present

ineéntionenay tie prhéticed hﬁh@it&ﬁ@étspeblﬂé( 8&thilsOh GtRar lhﬁances well known
cific details. In othe

hout th
R BanE By PORRTRTS. 7R0 Roalures SR e ries, deschied i detal as
natdopomeetsarilyeotdcire abpects oftay @reseit ibeatiordescri bed in
detail as not to unnecessarily obscure aspects of the
present invention. 10 According to a first aspect of
Acdoeding v atfi rsjrasasctsiﬁcummivenﬂ%jngasr sholvn ih idguee i1$tm=,rr®\é predided a

I e T e
deternined aive dlowneoeffitiant. Wefhﬂ)methudoinv@mi tve steppsf ofieasuring a
prEBERE ¢ N ?pstlréﬁﬁlséﬁ’d %o?zﬁstﬂ%my Fb%% ﬁ&?%% ﬂ’pad {;&R@%kga&‘ interest,

p05|t|ono the contro ve O
defeteiping Hiengiffernsatial |pf63év@rhetw¢erpﬁests>atr@arb@nwewnstr@m positions

aWé&é@%ﬂ?n?% douasl rfl%@ma@ﬁl'rc;dg‘ﬂrlﬁe c@tﬂﬁ;l %élii/@bl'l*r%hhééx'ﬂgc@@ flow

expected Tlowrate th roug)( hé control val ve
raé‘%('ﬁ@éiaébsr\epéwnglt%@“{ gtelormwRioshed using the flow rate
formula of 4P Q=Cvxrp(x)xr

Q0= Cvxgo(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) = an inherent 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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V-G20 Q= flowrate, Cv = valve flow coefficient, AP
= differential pressure valve between the upstream and
t he downstream position of the control valve, G =
specific gravity of fluid, and 25 p(x) = an inherent
characteristic of the valve. The performance val ues
provi ded by a manuf acturer 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 obtai ned
froma manufacturer's data sheet. 8 There are broadly
two di fferent kinds of control valves - |inear valve
Thate aguriPadipdrectifferget ity ef amokyalegs i-skneantvabye airb equal
p¥dftade daild OWHeBE Ratslishth8AtSor fRR' elpeBBa Mow Ak Qffterd. N&or linear
expected flow rate, Qis obtained by substituting the
valyashihle expestpd by mateh® B abtdived by sulistituting the sypdol mlx) with the

valhe:(r;]fgthg rvgli\/(_a Z)Ee%r_q%?)f’ﬁ%@%o%, r?\gpaz{] %}%agwepbe\é %ﬁ éﬁ%vg\? | {'isrﬂjalf opened,
i.d. 055 p(R) terefsre bBguttes 016, andhkis 98IMAT iRPUt irft® theQtuation.

percentage val ves, the expected flow rate, Q is
obt ai ned by substituting the synbol rp(x) wth the

Fcﬁ%h%{laée‘?%tagmrv@%%hé RepdelidioweRgi Qg g&g}a)feldsb;é g&bstituting the

exi sts, wher e I's a rangeabi |1t
syBaBH(d with tHd@uNalkbMewRRss) h reTzHi%ﬁ@#iﬁ)fog'g =ggiahggyanpl e,

where an _equal percentage valve is us with R = 30,

and WhaieR is Béanggphibityjiagd lids f negastesdf the \@lveopening5, by

t he equation above, rp(x) therefore becones 0.18, and

this value is input into the equation 15 Follow ng the
ThesefAtsd ap AN Lravele, whereaarpeaHeb perceriage walee istused Mithu = 30, and

' bt ai i w L then/serve

ik 48 JARB1E PR ofBea, P 8 anan D ST sEiith ehe' PR héfrore
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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flow rate and-an expected flow rate at a particul ar
val ve opening to establish a 20 perfornmance of the
control valve. In this nethod, establishing the
performance of the control valve is non-invasive and
doest not require the downtinme 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 nmethod prov4gdes 25 for establishing
an expected flow rate of a control valve at a
particul ar val ve opening using the nethod of above,

a h t Ugtl
TSR T ) A At S v e

fog; the Pueoses @éﬂ'Wé #ionhés BRANTaPs aniplerrprectange. fThiwrangeels any

pr’éﬂgteﬂ‘ﬁhéd Hbdép%lé fan§d'Batinky BE BQAEQales aWatdéPd%n%Be of the flow rate
acce of values from the expectedflo

ahp CW Eivers 9'“859%1@1%"&1‘19 @h@"/pé@'%frﬁ*aﬁ%emecteﬁélow rate at a
pmmléralal\)é&ip\éﬁmg:g& IBma)T b& areB&NitaRbRe fRRMBe @kpected flow rate, for
di fferepce between th ? ected and actual flow rates,

SFIPIE el Gt 63 LLPBF T TARYs PRGN the dRaTaMentel axbiser

tol erance range. This range IS any predeternlned

bI at a

LR e PO g inese SEb-AMgRh e Sifergss er example
wbgrerihadiffefeotialéx arfpive thea tidfericmnuscd ofdhe t:dilﬂroe)‘mﬁél isefétermined
o AUt S B O Y5, T80 bore i

ey ¥ om t
deigmaripdceas Ve good’; @nd when v dld'ferenﬁﬂps' + Jatpotdi-n@.a pv, tthen the

, bl
cé#ﬁr%l vawgeigtdeféﬁ'mﬁlgﬂ'gg vciogen 2 \égrds %p?&ﬁaté(h %vh%ﬁ ?heé) acq l(ﬁgw rate

ran e su
eme&%theh@redietefr@rr@ﬁttplaranps range, {he cwrnr@hvalm willebé demammed as

uﬁéc&ﬂ@b@oanﬁ @by K%Ir%% fop i avﬁ@%t%%%rpgp rec%ﬁca%ﬁg gff&n%l éoeﬁg to pre-

he differenti
emntea B{Hrﬁ?lm skugtiop Tae Qeasancs ofeyb wdaﬂebe;ndgm alsogrfve as an

intagibnt dteviin{d RER IR fidv rate RedddP% ﬂeoméaslpeoo pyn eabipie, when

the control valve is determ ned as 'goo can
the sprterl valve ép, defgratinedas ‘sxqelient the oaxtitigteca m@ﬂ%@ﬁgmﬂﬁ*&es “places

w@ﬂ@ o) eb@rm@me datbﬂ'aﬁﬂ aMER deddtffhed i g@@cﬂtﬂﬁéﬂ a Yl@!(tvrﬁeél!u#ément
rmne gi’ "unaccept abl e’ ear marked for

t'T‘ﬁV@@f’ Sé’Pﬁd‘ﬁ’e %7e®Ci fi cati on actl ons so as to pre 15

enpt a full failure situation. The presence of
Ins’ela'I k?ﬁn%l gépde% oP %ned%rersrlean/t gplp?c(:)atl%)ﬁ avselllusstra?end 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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i ndi cation of when a next actual flow rate needs to be
nmeasured. For exanple, when the control valve is
determ ned as 'excellent' the next tine a nmeasurenent
takes places would be four weeks later, and if it is
determi ned as 'good' then a next neasurenent tine
woul d be one week later, etc. 20 In a third aspect of
the present application as illustrated in Figure 3,
the invention provides a g hod of providing a system
to establish a performance of a control valve. The
met hod i ncluding the steps of establishing expected
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are then tabulated in a tab abase
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receive an input value for the nmeasured flow rate
This i nput _nmeans may be in
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cal cul ates as a percentage fromthe expected fl ow
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i nput neans to allow a user to 1 nput
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rate/ ReesaibfsH Hpatdreaned ofh\@nkeINValval  val ve, so that a
correct expected flow rate and/ or tol erance range may

be obtained for a
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.



~conparison to be performed, so as to establish a
performance of the control valve. 10 Figure 4
illustrates a fourth aspect of the present invention
depicting a systemfor establishing a performnce of
a control valve. As seen in Figure 4, the system 100
includes a flow neter 10 to neasure an actual flow
rate across the control valve, shown in this figure
as a first 11 and second 12,pressure gauge, to nmeasure
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 contro
val ve, and a conparator 40 to allow a conparison

Threembedimbhts offtiss invertioh| fewe habe advahcbl &y tvedyubiad:@shple only, and

mBARRALE ol e i Ga SSr@eonie rieBrid EErEitne Sopended

claéimst her provides a first input neans to receive a
user's input on an actual flow rate through a contro
valve of interest for a conparison to be perforned.
In another alternative, the systemfurther provides a
second input neans to allow a user to input an
identity of a control valve, or a locating of a
control valve to allow a conparison to be perforned.
As can be appreciated fromthe precedi ng 25
di scl osure, the tolerance range to determne if the
control valve is in an acceptable or unacceptable
condition nmay be dependent on the type of contro
val ve, and/or the |ocation of the control valve. As
previously discussed, the tol erance 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 systemfurther includes
a display neans to display the established
performance of the control valve. 11 The enbodi nents
of the invention have been advanced by way of exanple
only, and nodifications are possible within the scope
of the invention as defined by the appended



claims. 5 12 CLAIM5S 1. A nethod for establishing an
expected flow rate through a control valve having a
determ ned val ve flow coefficient, this method
including the steps of : neasuring a pressure at an
upstream and downstream posfjgion of the control valve
Wth a pressure sensor; determning a differenti al
cLAPessure val ue between the upstream and the
downstream position of the control valve by a
processor and; establishing an expected fI ow rate by

1. tha lﬂét‘%gf’f&%stéﬁbmgg %nféxeé\été@?lgwfr%w#oﬁp a coF @ol valve having a
QCvxv(x)x whe Q = va
detegpiagd Né'N%ﬂPWAPefﬂC'GPtf this r@ﬁthodllncﬂnd@mhe@tapamﬁe bet ween

t h%éé@ﬁrfgeé"ﬁré%ré he HoyekhfaThd Be\ﬁrhétﬁ%ﬂa gt)sn of ﬂze control

control valve = specific gravity of
valve-wij alﬁﬁﬁﬁué&ﬁeﬂ@ﬁhr acteristic of the valve 2. A rret hod

aceeirhinfgt @ ClifrdRthl MBS R nvél d@é\ﬂ?ﬁ@&ﬁ efhef luP%‘.Yﬁéa% €and the

for alinéar valve Is esta ere the erent
dowpHegagrresitiostaf ¢he eongiol wadve By 2 étoaewrtaad,t he val ve

OPQQbBl%hFH'g anC%EEt%H %R ¥ dyithd p?’McEg’so‘i' Iﬁ@lng aflc flow rafe formula of

relatlons |pq (xX) =x,where x’is nmeasur e
openl%g n1gpcontro||er 3. A nmet hod according to
YX im the expected flow rate for an equa
percentage valve is established where the inherent
whemh@}actembwnb@rp(x) is the relationship ,p(x) =
R-('"-x) where Ris a rangeability and x is a neasure
of (vhe varlve flopenefigient om a

AP = differential pressure value between the upstream and the downstream
position of the control valve
G = specific gravity of fluid, and

(o(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 relationshipqo(x)z x,where x is a measure of a valve opening

from a controller.

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

percentage valve is established where the inherent characteristic p(x) is the relationship
olx)= R
where R is a rangeability and x is a measure of the valve opening from a

controller.

4, A method according to claim 1, further including the steps of :
measuring an actual flow rate across the control valve with a flow sensor;
comparing the actual flow rate with the expected flow rate to determine the

difference in value between the actual and expected flow rate by the processor;



controller. 4. A nmethod according to claim1, further

i ncluding the steps of : neasuring an actual flow

rate across the control valve with a fl ow sensor;
conparing the actual flowrate with the expected fl ow
rate to determne the diffegrence in value between the
actual and expected flow rate by the processor; 13

de 1.:N [ i ff.er e .S WLLA C I
raﬁgtém&lpfnggir ltlte HPI%re%c hlg vﬁ{ﬁ?np ah ac\évkét?blg %ﬂgg;&gﬁh‘%@ from the

ues 1ro expecte oW I'a

expesteddlomi ratd; mgdt he per f ormance of the control valve. 5.

5.

A BBLBRABSAORGHMhahC: 6 AL T Ao (gL her T ncl uding the
stép of providing a to

erance range within which the
performance of the control valve is determ ned as
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i ncl udi ng provi

rangp avithiorwhicic thegferfbimearwendf thal controinealvenib eetermimed aslaeceptable.

actual and expected flow rate values differ within

the tol erance range, the performance of the control
vaAveethed acoefiv@tol adaima) durtttee inctudegniba steped : and

ex r i r out of the tol erance
"SRR, & Sl T i Ao Binds i 86 sBlho Y b8 AR acta

perf-or manc

and exgestepliabirate Values diffdrhvithiratheotolirmget rangé, athenpkrformance of the
contlfoI‘JI}élxb‘(?eIs(#cn%t%ILn 4 he steps of : establishing an
expect 4 f ’

owrate for a plurality of control valves
uswlben thea mgasoredsand peparted fiow trateubaltes gifieheoue o dlod éalerance

-2l | I I
ol R e SR Bt

7.

reac I valves used in
a process operation; providing an input neans to
regej i val.ue, f . ur ctual flowrate
acggéééﬁ%oag%cﬁfdr?ﬁ tovcg%r\tlﬁetff ?%hﬁ?f@%ﬁg&@ggéﬁécgfj provi di ng
a esiapshiagoan teapedepdiow tate farc b ualraligl ofecaitroh valvas wsed in a

procééﬁo err?%ﬂ. and wth the tabul ated expected flow rate
val ue

or’the control valve; and
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 from the flow sensor;

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

8.

establishing if the performance of the control valve is acceptable.

A method according to claim 7, further including the step of providing a tolerance

range within which the performance of the control valve is determined as acceptable.

A method according to claim 8 , further including the steps of :

providing a result of the performance of the control valve, where when the input

and expected flow rate values 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

performance is determined as unacceptable.



establishing if the performance of the control valve
is acceptable. 8. A nethod according to claim?7,
further including the step of providing a tol erance
range within which the performance of the contro
valve is determ ned as acceffable. 9. A nethod
according to claim8 , further including the steps of
providing a result of the performance of the control
val ve, where when the input and expected flowrate
10. vaAueethad aecarding toh¢laimstetot @ the mathed irptugling thasteps of
pe I e
oo CoaEYe velle b1, SERRL ROk 48, 450l yRCLENT) D3He Him the fow
semmmlues di ffer out of the tol erance range, the
pert .0k C le. 14 10. A
el RS SAhE SRR RS SRR, T 10
i ndcetyingcan drdpgitdiffisende iolyalierbetween thelagtiabéndexpecteddlow rate;
ngflow rate across the control valve fromthe flow
sensor; inputting the value of the actual flow rate
i nt@ewr@ﬁnlei@rmamf\tmmgermImnc@qftthdpbmtmi galge i n val ue
bet ween the actual and expected flowrate; and
receiving an information of the performance of the
1. coﬁtm@how atapeding to claimset o thecoethdd ingludingcthelisteps f t o
nd%Hf?r téq% 'd?q:Jo ﬁibl J]Sf r?‘t e Q% led t@%@tnh&é{&ﬂé’ aAlinear valve
ty & of on I ntere
andaneqwdmngma&beweue valve and an equal per cent age
Val)?{tgmlr%bé f?‘élﬂé r?aéf@éllﬂg qgteaaﬂz %%HH@}:orft o?V\éI{/ te across
the control valve; 1np e value o e act ual
f | rautting éhe velue of tbgsctgmﬂqmenam ntorysystersut put
di ce, | : t: t t.ual
11 SR St NS B ey P R R REELRH fow rate;
and per f or mance of the control val ve.

receiving an information of the performance of the control valve.



